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r NAPHTHA, 


Tlja Gtucle distillate is a mixture of several liquid liydi’oearboiis, together with acid 
aud hasic compounds. When purified by redistillation and subsequent treatment 
with ^suljphuric acid and caustic soda, it yields an oil consisting of a mixture of various 
fluid ’^hydrocarbons holding paraffin in solution. By distillation with water, it is 
separated into a volatile liquid (a) lighter than water and containing httle or no par- 
affln, and a less volatde liqmd which contains paraffin, and after further purification by 
Buecesaivo treatment with oil of vitnol and chalk, is well adapted for lubricating 
machinery. When heated to between —1° and + i-6° 0 (30° aud 40° F.), it deposits 
a portion of the paraflttn, the remaining hquid hoing a B.itui’ated solution of paraffin 
in the fluid hydrocarbons. 

The volatile oil (a) is a miitura of a great number of hydrocarbons, belonging to 
three differentseries, viz.,theoleflno3,C"H“"; the benzene series, andthemarsli- 

gas senes or alcoholic hydrides, OH-’"'*'''. To separate those bodies it is necessary first 
to subject the bquid to a long senes of fractional distillations, whereby it is resolved 
into portions boiling at mtorvals of 10°, and then to treat each fraction, first witli bro- 
mine to remove the olefines, and then with strong nitric acid whicli removes benzene 
and itshomologues. The hydrocarbons remaining after these successive treatments con- 
sist of the alcoholic hydrides, The following have boon separated : — h y d r i d o 

of hexyl, C“H’^ boding at 68°, hydride of octyl, boding at 110°, hydride 
of decatyl, boiling at 169°, aud hydride of dodocatyl, boding at 202°. 

Boue Waplitha, Bone ml, BippcPs anvnal oil, already described (i. 625'j, consists 
chiefly of a mixture of hydrocarbons winch have not yet been investigated with certain 
volatde bases, viz ammonia, pyrrliol (OWN), and bases of the series and 

homologous with othylamiuo and pyridino respectively, together with smaller 
quantities of acids. 

S Caoutchouc Naphtha or Caoutohoucin (i. 736), is for. the most part a 
mixture of polymeric hydrocarbons, chiefly caoiitehm and isoprene. 

4. Coal Naphtha is obtained by the distillation of coal-tar (see i. 1038). Tile 
'‘light oil” after soparation from the heavier “creosote oil,” or “dead oil," i.s rectified, 
whereby a further portion of heavy oil is separated and crude coal-naphtha is obtained. 
This is agitated with snlpUunc acid to free it from organic bases, and the supernatant 
liquid, after further reetiflcation, yields the " highly roetified naphtha ” or " benzole " of 
commerce, which is chiefly a mixture of flvo oily hydrocarlions of the benzene series, 
viz benzene, C“H“, boiling at 80'4°; toluene C'H“, at 114°; xylene, at 
126°, cumene, C“H'“ at 144° , and cymono, C'W*, nt 177'5.° The liquid hydru- 
oarbons of coal-naphtha boiling at higlicr temperatures hava not been nineli studied, 
Ordiuaiy ooal-iinphtha likewise contains traces of olefines 

The bam constituents of crude coal-naphtha, which are removed bp agitating tlio 
liquid with sulphuric acid, may ho obtained in the free state by distilling tlie iieid 
liquid, with excess of alkali, aud separated from one another, partly by fractional dis- 
tillation, partly ’ , “ ’ . eir platinum-salts 'These bases belong 

to two series, the ■ and its homologues, represented by the 

general formula C'E-”— 'N, viz. pyridine, 0'’H'‘N, piooliue and its isomer, ani- 
line, 0«S’N! lutidiiio, C’H»N, and collidine, G'ff’N; while the other senes of 
bases, C“H““-*'N, is isomeric with ohinoline, CH’N, and its homologues, viz louco- 
lino, CH’N, iridnliiie, C^H'N; andcryptidiuo, G'‘H''N(soeIjEncuum3, iii.5S3). 

The alcohol-bases, CH’S’+’N (methjdanune and its honlologuea), which occur in 
bone-oil, appear to be altogether absent from coal-naphtha. 

Coal-tar also contains large quantities of naphthalene, (p. 4) 

The “ dead oil” or less volatile portion of Coal-tar contains a considerable quantity 
of phenol, jphenybe^ alcohol, phenio aeid, carbolic acid, or coal-tar creosote, C'lfO, 
together wit’ ’ ■ i > ^ jjjg^ boilingpoiut, and existing at ordinary tem- 
peratures as I ise have been but'imperfeetly examined The last 

portions of 1 in tlie distillation of coal-tar contain two of those 

solid hydrocarbons, viz. chrysene, CTI'*, and pyrene, the former being 

insoluble, the latter soluble m other (see CHKTSEirai, i. 958). The last semifluid 
portions of the tnr also contain anthracene or paranaphthaleno, which 

separates out m the solid state, when the semifluid oil is exposed to a low temperature 
(sec PAltAlirAPHTHAI.BNB). 

5. mineral or Native Napbtba. Fetrolenm, Book-oil, Stcinol.—Tlm is an 
inflammable bqmd of a more or less tarry consistence, which issues from the earth in 
various localities, occui'ring in large quantities m Persia, at Eangoon in the kingdom 
of Buimah, in Canada, and other ports of North America, and is generally associated 

1 with solid bitumen or asphalt, as in the groat pitch-lake of Trinidad (i. 426). These 
naphthas consist almost wholly of mixtures of hydrocarbons , the older analyses made of 
them are of httle value, because the proximate constituents w'cre not separated witli 



sufficient care ; recently, however, the American petroleum has been made the subject 
of an elaborate investigation by Pelouze and Cahour8(Ann Oh, Pharm. Cxxiv. 
289 , oxxTU. 196 ; cxrix, 87^, who have shown that it is made up almost entirely of 
the series of alcoholic hydrides, 0”^“+^, from hydride of tebyl, 0*H“, upwards, the 
greater portion however oonsistmg of hydride of hexyl, C‘H“ (see HvDHnms, iii. 181). 
Hence, and from the composition of Boghead and cannel coal-naphtha, it would appear 
that these hydrides, homologous with marsh-gas, constitute the chief products of the de- 
composition of coal and bitununous substances at comparatively low temperatures (see 
Pbtholeom). 

Burmese naphtha or Eangoon tar is obtained by sinking wells about 60 feet deep in 
the sod, the liquid gradually oozing out and being removed as soon as a sufficient 
quantity has accumulated There are about five hundred of these naphtha weUs, yielding 
annually about 412,000 hogsheads. This naphtha eontams about 11 per cent of solid 
paraffin De la Bub and Muller (Proc. Boy. Soc. vm. 321 ), by distilling the crude 
naphtha m an atmosphere of steam, superheated for the higher temperatures, have 
resolved it mto the following portions ; 

Below 100° C . .' . Free from paraffin . . .11 

110° to 145° A bttle paraffin ... 10 

145° to melting pomt of lead . . j j 20 

At about the melting point of lead j®'^dto?esst^‘° ^1 
Beyond melting point of lead . . Quantity of paraffin diminishes . 21 

Last dishlled , . . Pitchy matters .... 8 

Eesidue in still . . . containing a litric earthy j ^ 


100 


The proportion of hydrocarbons removable from the various distillates by strong sul- 
phurio acid, nitric acid, or a mixtme of both acids, is in moat cases small, increasing 
genorally however with the boiling pomt of tho Uqmd, and varying from one-tenth to 
nearly a third of the compound hytocarbon ; hence It is probable that this naphtha 
likewise consists, for the most port, of homologues of marsh-gas The hy^’oearbons 
removed by nitrio acid consist of benzene, toluene, xylene, and cumene. 

• 6. Sbale ITaptatlia. Shale oU — ^Thenaphtlias obtained by the dry distillation of the 
various bituminous shales or schists present great diversity of composition, and but 
few of them have hitherto been submitted to careful examination The bituminous 
shale of Dorsetshire, the naphtha from which has been examined byO Gr Williams 
(Chera. Soc, Qii. J. ni 97), contains much nitrogen and sulphur, arising to a great ex- 
tent from the presence of a large quantity of semi-fossilised animal remains Hence 
the crude naphtha is intolerably fetid It may be sweetened and freed from its baste 
and acid constituents by repeated treatment with sidphurio acid and caustic soda, and 
then contains nearly the same constituents as Boghead naphtha, viz benzene and its 
homologues, various olefines, and small quantities of the homologues of marsh-g!)s. 
The basic constituents removed by sulphuric acid consist of pyridine, and its homo- 
logues , the acid portion is chiefly phenio or carbolic acid. 

The French shale oils have been examined by Laurent and St. Evre, but without any 
very satisfactory results. Laurent’s analy,ses have been quoted by Gerhardt {Traiti, 
iv. 423), to show that the hydrocarbons approach m composition to tho formula bCH' 
(calc 85'7 per cent carbon , anal.' 86'6— 86'2 per cent ) 

Laurent, by subjecting the portion of shale oil boding between 80° and 160° to the 
action of boiling concentrated nitric acid, obtained an acid which he called ampelio 
acid (i. 201), having the composition of Balieyhe acid, C’H“0’, and probably fomed by 
tho oxidation of one of the homologues of benzene. 

The various bitumens and asphalts, of which immense deposits exist m many coun- 
tries, yield by distdlatiou oils or naphthas of similar natoe to shale oil. 

The shale oil prepared at Eenthng from “ Posidonienschiefer," yields by distillation 
a small quantity of tar not exceeding S 5 per cent. The hydrocarbons obtained from it 
are said to have a composition represented by the formula C”H-‘*~*, the greater portion, 
which boils between 160° and 175°, bemg C'H". (Harbordt, Ann, Oh Pharm. 


For further details respecting the preparation, properties, and composition of the 
several naphthas above mentioned, see the series of excellent articles on Naphthas by 
G Gr Williams in the new editton of TTr^s Dictionary of Arts, Manufactmes and 



4 NAPIirriADIL— NAPliTHALENE. 

ITAPKVBADIJ^. A aubstanee derived from mineral naphtha ; it is hkclc, -with a 
•weak greasy lustre , copper-brown in fractnro , does not change in the light, molts at 
the same temperature as wax, and bums with a clear flame. (Dana, li. 47 0.) 

WApaTHAIiASB. C"-°irO?. (Laurent, Ann. Ch. Phys. [2] lix. 326 )— To 
prepare this compound, uitro-naplithalene is heated with gicat care with 8 or 10 
times its weight of hydrate of barium, the retort being filled up to the neck Ammonia, 
naphthalene, and an od then pass over, while a thicker oil condeuses in the neck of the 
rctoit, and sohdilies on cooling In order to obtain the nuplitlisliisc, the neck of the 
retort is to bo cut off near the bulb, and washed ivitb ether, by which means the oily 
imimrities and any naphthnleno present are removed 

Ifiiphthalnbe is a yeUow substance which subhines without fusing at 250°. At a 
still higher temperature it melts and boils, giving off a yellow i npmir which condenses 
in small spangles, which are deposited in long yellow needles. It is insoluble in alcoliol, 
almost insoluble in ethei, soluble in water. Its most ehaiacfiii'istie proporty is its 
power of colouring snlpluirio acid a beautiful violet tint The sm.illost quantity gi\cs 
the reaction, and the colour is not destroyed in hermetically closed tubus, even after 
the lapse of two years. 

Naphthalase does not appear to be destroyed by iiitisc acid, iim.smueh as after being 
boated with that acid, it still dissolves in snlplinrio acid with a blue colour, Chlorino 
doet not remove from it its power of colouring oil of ril riol. 

No success baa attended the various eiforta which have been made to isolate tlio 
oolaiirod substance which uaphthahiso forms with sulphuric acid, with a view to iu- 
diistrial purposes , 0. G, W. 

stapHXBAXiBH'z;. Syn. NapUhahne, lHapUludin. (Garden, Thom- 

son’s Annals of Philosophy, xv 74, Faraday, Phil Trans 1820, Itiiichonbach, 
Sohw J 1x1 175; livui 233; Dumas, Ann, Ch. Phys. 1 182, Dumas and Stas, 
thd liXXTi 40. Laurent, %kd. Ixix. 214, Bdnio Scientif, vi. 76. 1‘i'odncts of its 
omdation • Edvuo Scientif xiv 560. CMormated and hrominated dinvaims: Ann. 
Ch. Phys line. 218 , lii 275 , Edvno Scientif. xi. 301 ; xii. 193 ; xiii GO, 570 ; xiv 7 1, 
SIS. m/rio denm/ivrs ■ Ann. Ch. Fhy^e, bx, 3T6 ; Il6yua Seicntif. xiii, 07. Hididiu- 
no acid dematma • Bivuo Scientif. xiu. 687 ) For an extended list of memoirs on 
naphthalene, see Qmelin’a Handbooh, xiv. 1. 

Mutiny. — Naphthalouo appears to have been first notiood publicly by Garden, who 
extracted it from the erndo diatillato from coal It was also observed liy E e i o h c n b a c U 
during his researches on destructive distillation. It was first luialysed by F arada)", 
who not only determined its composition aceuratoly, but also orrivod at its truo atoima 
weight. 'The most laborious resourohes upon naphthalene wore made by Lanrent, 
who was more or less engaged in studying it for nearly twenty years. Some of tlie 
earliest and most decided instances ot substitution of chlorine, &e., fur hydrogen were 
discovered m the oaurse of his studies of this hydrocarbon. 

Formation — Generally produced when organic bodies are distilled per ar at very 
high temperatures. 1. By distilling coal "When coal-tar is distilled, the n.iphthaleno 
which it contains is foimd to accompany the liquids which come over at almuat all the 
temperatures observed. It is, however, more abimdaut in the portions distilling .ilwut 
216°. Even the cymene distilling at about 178° ia often so oontaminiitod with 
naphthalene as to be isolated o)3y with the greatest diffleulty and great loss. 
Naphthalene is often retained in a fluid condition in a romarkalile manner by the 
substances winch accompany it in the crude coal oil. It not iinfrequontly happens 
that a liquid wbeh has remained flmd for months, even in cold weather, may liy 
repeated treatment with sulphuric acid, foUowod by refrigeration, bo almost entirely 
converted into solid naphthalene It is also found in the tar of shales and analogous 
substances accompanying paraffin — 2 Alcohol and etlier vapour, and ovon oluliiiiit 
gas and acetio acid vapour, yield more or loss naphthalene when passed through red- 
hot tubes. 

3. Petroleum and most essential oils passed tlirough red-hot tubes also afford it 
(Saussnre, Berthelot) — 4. Camphor vapour passed over red-hot quicklime, juukls 
naphthalene (Frdmy). From the above considerations it is not remarkable tliat 
naphthalene should be found in soot and lamp-black. Dumas at ono time aa.sertod 
that naphthalene exists ready formed in eo^, this, how'ever, has been donu'd by 
Eeichenbaoh. Since, however, it is eeitain that paraffin exists ready formed in 
Boghead coal and certain eannels, it is to be desired that this question slioidd be 
determined more carefully. — 4. Sulphide of carbon vapour mixed with sulplmretted 
hydrogen, or a mixture of these two with carbonic auliydride, when passed over 
spongy copper or iron at a dull red-heat, yielda naplithalono and other products 
(Berthelot). Some chemical substanoes containing no hydrogen, sucli as the proto- 



chlolide of carbon, (PCP, wben passed together with hydrogen throngh a red-hot tube 
yield naphthalene. (Berthelot) 

Preparation — The quantities of naphthalene which are obtained as bye-products iij 
the preparation of ooiil-naphtha are so large, that even if a use for it were discorered. 
It would scarcely be necessary to take special measures for its extraction, It is often 
found in quantities (amounting in some eases to tons) in the tanks in which pitoh-oil 
(heavy coal-oil) is stored. Coal-tar from which the lighter oils have heen removed by 
a preliminary distillation is distilled in large iron stdla. , The distilliito is received in 
puncheons, and the process is earned on until the hquid is heavier than water The 
fli'st 200 gfdlons from a chai'ge of 7000, contain but little naphthalene ; aU the rest of 
the distillate abounds in it. To extract the naphthalene, small quantities of sulphuric 
acid may be shaken with the oil, and then after settlmg for a short time, may he run 
off. The supernatant oil on coluig to 0° deposits large quantities of the luiphtlialene. 
On repeating the process more and more will he obtained, until, in many instiiuces, 
almost the whole will become sobd Previous to cooling it is sometimes .idviaable to 
distil the oil after the treatment with acid and removal of Iho tarry ’'deposit. During 
the distillation large quantitiee of sulphurous amd are given off ^ 'Where a diffleulty is 
found in getting the naphtlialene to deposit, n treatment with a little bleaclung 
powder, after the acid, and then distdling, wiU generally effect the sepuiration. 

Purification. — The omde greasy naphthalene obtained as above may be drained on 
Cloth strainers until most of the oil is removed. The remainder may then he got rid 
of by pressure in strung bags. Exposm-e to the air for a long' tamo greatly improves 
the product, The roiiglily purified substance may then bo redistilled, tho roceivor 
being changed when the product comes over colourless To obtain it in large crystals 
it may be melted in basins on the sand-bath. Covers of paper should bo pasted over, 
and oare should be taken that the basins are not more than half full. Wlieu tlio 
contents are melted and beginning to sublime, the whole may bo allowed to cooL 
When quite cold a large quantity of colourless ovystals will be found between the oako 
of naphthalene and me paper cover. They may he removed with a feather. Tlia 
residue maybe pressed to extract oily impurities, and the process cun be repeated tiiitil 
almost the whole has been converted into crystals (Otto). The methods of purifl- 
cation given can be employed on any scale, from the largest to the smallest, without 
fear of failure , it will be unnoeessary therefore to desenbo other methods. 

Properties, — Naphthalene ’when pure consists of brilbant white scaly crystals, very 
friable, strongly and unpleasantly odorous, and ha-ving a density of 1 153 at 18°, and 
of 0 9778 in a melted state of 79 2°. As obtained by sublimation, the crystals are 
generally rhombic tables of 122° and 78°, the hexagonal form arisingfrom truncation 
of tho acute angles. According to Laurent, naphthalene may be obtained in mono- 
olimo prisms, ■by_ spontaneous evaporataon from a solution in ether. According to 
C h a m b e r 1 a i n, it orystaUises from turpentine in pnsms baling pyramidal terminations. 
It malts at 79 2°(H. Kopp),andboilB, according to the last observer, at 218°, tho baro- 
meter standing at 7C0 mm. It sublimes even at low temperatures , distUa readily 
along 'With fluid hydi-ocarbons, and oven along with tho vapour of water. Oiv water it 
rotates somewhat hke camphor. Its vapour-density is 4'628 according toDumas, but 
as determined by Nat an son (in an apparatus enabling the volume of vapour to be 
measured in a manner analogous to Gay-Lussac’s method), the value 4 46 was 
obtained Theory for two volumes, requires 4 43. It is insoluble in cold, and almost 
insoluble in boiling water , dissolves readily in alcohol, ether, fattij and essential oils 
and moat oils obtaiued by destructive distillation, whether hydrocarbons or oxidised 
bodies It also dissolves in aoetio and oxalic acids. Its solution m turpentine w ac- 
companied by a fall in temperature. 

Decompositions. — 1. Naphthalene bums with n dense smoky flame, (The condensed 
soot of n.iphthalene forms one of the varieties of commercial him]l-hlaclc.) Wlieii it is 
passed over red-hot lime or baryta, carbonate of calcium or barium is formed and hydro- 
gen IS given off — 2. By chlorine. Chionne acts with energy on naphthalene, heat 
being evolved and hydioehlorio acid formed. The mass at first mdta, but on continuing 
the stream of gas it gradually solidifies egain. At this stage, the principal products of 
tho reaction are hydrochlorato of chloronaphthalone, G"’H’C1H01 (Gerhardt’s chlo- 
ride of naphthalene), and dihydrochlorate of dichloronaphthaleno, C"’B[“01“ 2H01. 
The continued action of chlorine causes the snhstitiition to go stall further The substi- 
tution of chionne for the hydrogen of naphthalene may be continued until the whole 
IS replaced, and the compound G"’C1* is reached, Tho hydrochloric acid produced by 
union of the hydrogen ot the naphthalene with the ehloriuo is not given off, but remains 
m combination with the chlorinated derived radicle ; it may, however, he removed by 
treatment with alkalis or by the action of heat , the clilonno which replaces the hydro- 
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Itapi-ithalene. 


Laurent’sresults assuma a coniplicated appearance, owing to the oireumatance that 
suhstitutaon-prodnets of the same formula may bo obtained m several different ways, 
and any differenoe in the mode of preparation causes the resulting bodies, in tlie 
majority of instances, to vaiy in melting point, crystalline form, haidness or other 
characters ; they have been described by lum as isomeric modifications, and indivi- 
duahaed by eharacteristio letters In some of the cases cited by Laurent, there is 
little doubt that the vanations in properties were due to the dilferent specimens not 
being in an equally high state of pnrily, but this will certainly not account for all the 
observed differences. 

3. By bromne. Bromine acts upon naphthalene, forming numerous compounds ac- 
cording to the manner in which the ingredients are allowed to react on each other. 
The reaction between the two substances is energetic, hydrobroroie acid being liberated 
and substitution compotmds formed By actmgwith bromine upon chlorinated naphtlia- 
lene, substances may be obtained having the same composition as those procurable by 
treating broniinated naphthalene with tblorine According toLaurent, some of these, 
although havingthesame crystalline form, diffor according to the orderoHhe formation. 

4. Iodine, phosphorus, smphur, chloride of carbon, cyanogen, and hydrochlono acid, 
are without action on naphthalene. An attempt to form the iodide of a more hydro- 
genated hydrocoxhon, by acting with fuming hydriodio acid on naphthalene, gave no 
result, although the acid had a density of 1 9 and was heated with the naphthalene in 
a sealed tube to 100° 0. (Possibly at a higher temperature the experiment might be 
more successful.) 

6. Niim and acts upon naphthalene. If moderately strong nitric acid ho added to 
naphthalene and allowed to act at ordinary temperatiu’cs, nitro-naphthalone is 
slowly formed. The nitro-naphthalenc so produced maybe converted into di-nitro- 
naphthalene by boiling for a long time with strong nitric acid. The reaction does 
not take place very readily, hut a mixture of mtnc aoid, NordJuuson sulphuric acid and 
nitro-uaphthalene yields ch-nitro-naphthalene readily, if heated to boihug in an apparatus 
allowing the vapours to become condensed and flow back. 

6 An oxidising mixtiiro consisting of acid chromate of potassium with sulplmna or 
hydrochlono acids appears to form two compounds according to the state of oonooiitru- 
tion, the temperature, or othor circumstances. One of those suhstimces is s.iii to 
have the formula C'H'O*, and to he of a beautiful ro.so colour. It appears to have 
feeble acid properties. The other is said to contain and to have more decided 

acid ohar.icters The subject requires re-examination. 

7. JfifroKs acidandajKa-repj'a both appear to yield nitro-naphthaleiio and an oily body. 

8 Sulphuric acid forms several conjugated acids with naphthaloiio , they will ho 

found described under their respective headings. 

According to Pritzsohe, naphthalene may he made to unite with^iojvo aoid atom 
to atom, by dissolvnig the two substances m hot alcohol or benzene, and cooling. 

The limits of this work will not admit of an extended account of the vast number 
of substances obtained by Laurent and others by acting upon naphthalene ivith eliloriue, 
bromine, nitria aoid and sulphuric acid. We shall, however, endeavour to give, as con- 
cisely as possible, a bnef statement of the nature and methods of production of the 
more important denvativos. Por a fhll account, the reader is referred to Gerhardt’s 
lyaiU, in, p. 413, et seg , and the Cavendish Society’s translation of Gmolm’s Handbook, 
xiv. 1, ei s^g In the flrst-namod work the artide on naphthalene occupies fil, and 
In the second 92 pages. 

Chlorine- derivatives. 

The table on p, 7 contains a list of the principal chlorides and bromides of naphtha- 
lene They are decomposed by heat and also by alcoholio potash, hydrochloric or hy- 
drobromic acid being removed, and chlorinated or brominatod naphthalene produced. 
The names as given by Gmelin generally accord with Laurent’s earlier views. 

The following table contains a list of the principal substitution-products derived 
ftuia naphthalene by the suhstitutiou of chlorme or bromine or both for the hydrogen 
of naphthalene. They are for the most part produced by treating the substances 
given in the table of ohlondes and bromides with alcoholic potash. 


Tnohloronaphthalem . 
Tnhromonaphthalone . 
Bromodiohloronaphthalene . 


Cldoro- and Sromo-naphihalenes. 
. C‘»H’C1 
. C'H’Br 
. C'WCB 


Tetrachloronaphfchalene . C’H’Cl' 

Bromotnchloronaphthalone . C'”H*BrCl“ 
Dibromodiohloronaphthalone C'"H’Br-'OP 
Tetrahromonaphthdene . C'''H'‘Br^ 
Dihromotrichloronaphthalene 0"’H*BirCl* 
Hoidiloronaphthalene , O'WOl'’ 

'ithalcne . O'^Cl* 





8 CNAPHTHALENE. 

We shall consider briefly the mode of preparation of each of the substances enumerated 
in the above hats. 

Bichloride of Naphthalene. Q-erhardt’s (Monde of Naphthalene, 

This, the first product of the action of chlorine on naphthalene, may ha prepared 
by passing chlorine over naphthalene until the product has passed through an oily 
stage and begins to become granular. The operation must not be carried so far as to 
chlorinate all the naphthalene. The mixture is to be heated in a dish for a long time 
to a temperature betvveen 50° and 60°, then dissolved in ether and cooled to —10°, and 
the otherai solution mixed' -with alcohol and oil exposed to the air until two-fifths of 
the oil have been deposited : this oil contains the oily chloride of naphthalene. The 
thn-d fifth may also be ooUeoted; it is the solid chloride, in a state of purity. 

Dichioride of naphthalene is oily, soluble in all preportious in ether, but less solu- 
ble in alcohol. On distiUalion it decomposes slowly, giving oif hydrochlorie acid, 
and yielding chloronaphthalene, C’H’CL With alcohoho potash it yields the last- 
named substance and chloride of potassium. 

Biohloride of Bromonaphthalene. Laurent's Suhchlonde of 

Sronaphtase, When chlorine is passed into crude bromonaphthalene, it thickens and 
deposits a crystalline matter. Emor is poured on the product, and the mixture is allowed 
to remain for 24 hours. The oily portion is to be decanted, aud the crystiilhuo powder 
washed with ether and then dissolved in a large quanti^ of boiling other By sponta- 
neous evaporation the chloride of bromonapthalene is deposited in small rhomboidal 
tables resembling those of dichioride of naphthalene. The owstals are derived iiom an 
oblniue prism with a rhombic base (Q-erhardt, loo. oit.). Melts at 166°. 

Bibromide of Tribromonaphthalone. C’'’H,“Br’Br^ Subbromide of Bronaph- 
tise. Produced, together with dibromide of chbromon.ipthalene when dibromoiiaphlha- 
lene is treated 'wifli bromine. On boiling the mixture with ether, the dibromide 
of trihromonaphthalene dissolves, and on spontaneous evaporation is deposited as a floc- 
oulent powder consisting of white miei'oscopio needles It decomposes on distilliition, 

S off hydrobromio acid, a little bromine, and a orystaUino matter very sliglitly 
1 in ether. 

Tetraohloride of Naphthalene. Q-erhardt’s Bichloride of naphthaline, 
C'HhOl' Bpdrochhrate of ohloronaphtaleee . — ^This suhstunoo exista in two isomeric 
modifications. 

Modification a . — When a rapid current of chlorine is passed over naphthalcno 
in rather large quantity (say one or two pounds) the naphthalene fuses, hydrochloric 
• acid is disengaged, and, if the current he sustained, the whdle, after some time, 
beghis to thicken again. ■ The mixture at this point oontaiua oily dichioride of mipli- 
thalene, tetrachloride of naphthalene o, the modifleation A and tetrachloride of cliloro- 
naphthalene, the last two in small quantity. Ether le to be poured on the mixture to 
render it more fluid. After repose for some hours tho oily portion is to be decanted and 
the residue thrown on a filter. After being well drained the residue is dissolved 
in benzene and allowed to cool very slowly. The tetraohloride soon begins to orystalliso 
out, and if the solution be tolerably large in quantity (half n gallon or a gallon) fine 
rhombohedrons will bo deposited. The writer has sometimes obtained them nearly a 
quarter of an inch on the side They are coloimleas, transparent and exactly resemble 
calc-spar They also possess powerfully the property of double rofraction. 

This modification of tetracmoridB of naphthalene is inodorous, insoluble m water, 
slightly soluble in alcohol, moderately so ui ether, but -very soluble in benzene, 
to3c-oi1 and analogoue liqmds It melts at 160° and solidifies to a crystallmo mass on 
cooling If a orystal be added to the partially fused chloride, the whole will solidify at 
about 160° lu rhombic tablets On the other hand, if tho chloride ho perfectly fiwed 
and allowed to cool without addition, tho mass sometimes solidifies at 160° iurhomhic 
tables, and sometimes between 100° and 110° m concentric needles, 

It is decomposed by distillation, giving oflf hydroehlone acid and an oily matter. 
Only a trace of carbon (1 or 2 per cent), remains in the retort. The distillate 
consists of a mixture of four isomenc forms of diehloronaphthaloue. These products 
are always accompanied by a small quantity of undecomposed tetmohloride of naphtha- 
lene. Alcohohe potash converts it into the two modilioations e and ad of diohloro- 
naphthaleue. 

Medication A.— This vanely of tetrachloride of naphthalene is distinguished from 
a by its solubility in ether. It is formed, as already observed, at the same time 
as the modification o when chlorine is passed over naphthalene. It is contained 
in the oily portion rendered more fluid by ether wluoh has been dii-eotod to be poured 
off from the sohd portion which consists chiefly of a. The liquid coutaiuiug ether is 
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to lio cooled to 0° aud kept, at that temperature for 48 hours ; it Will tiien solidify to a 
mass resembling frozen olive oil. The solid portion may he collected on linen and 
freed from the mother-liquid by pressure. The sohd is to be dissolved in ether eon- 
taimng about one-tenth of alcohol. The solution left to spontaneous evaporation 
yields a erystalhne moss containing both the modifications . The mass must be well 
pressed, dissolved in boiling alcohol, and very slowly cooled. The first erysWs which 
form win be almost pure a, the rest of the crops will be successively richer in fi. By 
repeated crystallisations firom ether the latter may be obtained pure. Its purity may 
be known by its dissolving rapidly and without residua in ether. — It is colourless, 
inodorous, very soluble in ether, alcohol, benzene, and similar hydrocarbons. It crystal- 
lises in small lamellse of indeterminable form which uhite into globes often of consi- 
derable diameter Submitted to distillation it gives off hydrochloric aeid, an oil, and 
the modification a of diohloronaphthalene Boded with alcoholic potash it yields an 
oil and the modification / of diehloronnphthiilene. 

'Broviotr%ohlor%(le of ]!l aplithalene, C'^H^OMr. — ^To prepare this substance, 
tetrachloride of naphthalene (modification jS! is treated with bromine in a closed flask for 
48 hours, the mixture washed with warm alcohol to remove the excess of bromine and 
undeoomposod tetraoliloride , and tbe crude dichlorobromide of naphthalene purifiled by 
crystalli,3ation from boiling ether. It is colourless, more soluble in other than the modifl- 
cation a of tetrachloride of naphthalene, but less soluble than the variety It is de- 
composed both by distillation and by alcoholic potash. 

Tetrachloride of Qhloronaphthalene. Gerhardt’s ExcUoride of oldoro- 
naphthaUne Laurent’s Chloride of ohloronaphfhase 0“’H'01.C1'‘ — ^This substance 
may be prepared from tbe tetraehloride of naphthalene, and like that compound exists 
in two cufforent modifications, one bemg solid and the other an oil. 

Sohd modification. — According to Gerhardt, this is the moat remarkable of all the 
naphthaho chlorides for the size and beauty of its crystals. It may ba projiared by 
noting with chlorine upon tetrachloride of naphthalene, hut the process is very difficult 
A more advantageous plan is to heat the crude dichloride with chlorine gas. This is 
the fluid portion which has been directed to be rendered more hqmd by ether in order 
to separate it more readily from the solid Ictrnehloride of liaphthalene in the process 
for the preparation of the modifle.ition oof that .substurce (p 8). The ether is ex- 
pelled by heat, and ehlonne passed through the oil for two or tliieo days If the fluid 
becomes too thick to allow of tbe passage of the gas, it must be gently warmed. A littlo 
ether is then added to render the whole more fluid, aud it is left at rest in a cool place. 
A erystalhne deposit is then formed perfectly resembling the modification oof tetiachlo- 
Tido of naphthalene (Gerhardt’ s bichloride of naphthalene, G'^H* 01*). The oily por- 
tion is removed by decantation, and the deposit tlirown on a filter and washed with a 
little etiior to remove the oily portion which adheres to it. The solid is then dissolved 
in boiling ether and put aside for several days iu a flask with a wide mouth merely 
closed with a piece of paper. The crystals which form are sometimes a mixture of 
modification a of tetrachloride of n.iphtlialeno and the tetrachloride of chlorouaphtba- 
lene. The crystals of the latter are easy to recognise by their size ; they must bo picked 
out with forceps and redissolved in the ethereal mother-liquid. They may be rendered 
perfectly pure by one or two recrystallisations from ether. 

Properties — Colourless, transparent, modoious, insoluble in water, little soluble in 
alcohol, pretty soluble in ether, more so than the modification o of tetrachloride of 
naphthalene. Melts at 105°, and the liquid may bo cooled to 64° without solidifying , 
It then slowly assumes the form of nodules formed of coneentrio zones, the last portions 
remain viscid until they fall to the ordinary temperature. But if after heating to 106° 
or 110° a small fragment of a crystal bo added, the liquid crystallises rapidly at 106° 
forming fine ohhque tables with a rhombic base. 

It IS entirely decomposed by distillation, hydrochlone add being disengaged, and 
the two modifications a and d of tercbloronaphtbalene formed. — Boiling nitric ucid 
converts it into ehloroxynaphtliahc, phthabe, and oxaUc acids, with other products 

Litpad modification. — This compound is the oily substance which has been directed 
to be removed by decantation from the solid modification above described Distillation 
converts it almost entirely into the a modification of tnebloioroiinphthalene mixed 
with a small quantity of an oily matter — Alcoholic potash produces the same results. 

Tetraohlorido of Piohloronaphthalene, C‘“H"CB01‘ Laurent’s Pcre/i&ra- 
naphthalese — This substance exists in three modifications, c, a, and x ; they are pro- 
duced from the correspoudiiig modiflcalaons of diehloronaiihthidene. 

Modification c. To preparo this substance, the modification o of diebloronaphtbaleno 
is kept in fusion and treated with chlorine , no hydrochlone acid is evolved. The pro- 
duct IS to ba washed with ether, dissolved in boiling ether, and a'yatalliBed. It is 
colourless, inodorous, not very soluble in ether, and less so in alcoho' , moltss at 141°. 
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The crystals obtained by spontaneous evaporation of an ethereal solution forin brilliant 
oblique rhombic prisms It is decomposed by distillation, yielding hydrochlono acid 
and the h modifleation of tetrachloronuphthalene mixed with a small portion of the a 
Miodifleation of the same substance. Alcoholic potash gives rise to the h modifleation. 

Modificatiim a. An oily liquid obtained by treating diehloronaphthaleno a with 
chlorine. Distillation and the action of a boiling solution of alcohoho potash equally 
give rise to tetrachloronaphthalene a. 

Modification w. An oily liqnid produced by treating diehloronaphtbaleue x with 
chlorine. Distillation converts it into tetrachloronaphthmene e. Alcoholic potash gives 
a Biimlar product. 

Teiraohloride of Dihromonaphthalene, C'"H“Bi" CD. Laurent’s Chloride of 
Sronaphthese When ohlorme is passed into fused dibromonaphthalene, a very thick oil 
is formed, which on dilution with ether deposits the substance sought in the form of a 
crystallina powder. It is colourless, only shghtly soluble in alcohol or ether. Molts 
at about 166°, and on Solidifying crystallises in prisms. On distillation it gives off 

bromme, a bydraeid, bromotrichloronaphtbalone j8, and tetracblorouaphthaleno a. 

Alcoholic potash transforms it into a substance crystalhsing m neocllcs and soluble in 
ether. 

Tetrabromide of DiohloronapJithaleno, C"’H"Gl’.Br’ Laurent’s Bromicof 
Chloronaphtkass — Prepared by the action of bromine on an excess of dichloronophtlia- 
leneo. Colourless, very slightly soluble in ether. Melts ahttle above 100°, turning 
red and evolving bromine. When it is heated until no more bromine be evolved the 
modifleation o of diehloronaphthaleno is regenerated. ’ 

Tetrabromide of BromooTiloronapTithalene, C’'H“BrCLBrh Laurent’s 
Bromide of Ohloiroh-onapUlm>,e. Prepared by treating chloronaphthalono with bromine 
An active effervescence ensues, due to the disengagement of hydrobromio aoitl. If 
the bromine is in excess, crystals of the tetrabromide me formed on repose, it is 
purified by solution in a large excess of boiling ether. On cooling it is cloposifod 
in very small lustrous pinsms Before melting it becomes red and gives off bromine 
and hydrobromio acid. An oil remains bohmd which, like triohlorouanlithalono, solidi- 
fies on cooling in rectangular figures crossed by two diagonals brisliing with noodles 
parallel to each other. 

Tetrabromide of Dibromonaphthalene, C'"H'’Br’.Br^ — Gorhardt’s Bthromidc 
of Bihromonaphtludene —Prepared by poiinng bromine over naphthalene or dibromo- 
naphthaleiio. It is usually deposited after a few hours os a white orystiillino powder 
whioh may be pimfled by washing with ether It is but slightly soluble in boiling 
ether, from which however it is deposited on cooling in microscopic rhombic tables 
By distillation it yields hydrobromio acid, bromine, and tetrabromonnplithalene' 
which condenses in the neck of the retort —It is decomposed with difficulty by boiling 
alcohoho potash. “ 

Teiraehloride of Dtbromoohloronaphthalene, C'“H“Br=Cl.CD.— Produced 
by the action of chlorine on tetrachloride of dibromonaphthalene. Melts at 160° and 
on cooling crystallises in rhomboi'dal tables If heated a little above its melting 
point, it remains soft and transparent on coohng, and only paitiolly solidifies, forming 
an opaque mass without any crystalhne appearance ; if then gently heated, it crystal- 
lises in rhombic tablets. It is only spai'ingly soluble in ether. 

It decomposes on distillation, yielding bromine, a hydrucid, and tliree other sub- 
stances, namely Laurent’s bromocbloronaplithaleno B, a oblorido or chlorobromide 
fusible at 100°, and a small quantity of a substance which orystallises in small op.iquo 
needles,— A boiling solution of alcoholic potash convei'ts it into the a luothfieatiou 
of dibromotrichloronaphthalene, 0"’JI“Br'01'' 

Tetrahrom^e of Tribromonaphthalene, C"'H*Br®.Br*.— To prepare it 
^bromouaphthfflene^is to be heated with bromine, and tbe action finished in sunshine! 


ir properties do not appear to have b 
bromme and a substance not yet examined. 


u studied By distillation it yields 


CUoro- and Bromonaphthalenee. 


prepared, ^ but not advantageously, by distilling dichloride of naphtbalono"* 

It 13 oily, colourless, soluble m all proportions in ether, distils without elisTuyn In 
not attacked by potash. ja 

Decomposed by bromme with effervescence, yielding hydtobromio acid and totrabro- 
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mlda of hromooUoronaplithalena, C^H^BrCLBr*. Ohlorme converts it into a peculiar 
oil Tvliidi yields the « modrflcation of tricHoronaphthalene when treated with potash. 
Chlorine with aid of heat converts ohloronaphthslene into tri- or tetrachloronaplithalene. 

Sromonaphthalene, 0“H'Br. — ^Prepared by the action of hromino on naphtlia- 
lene, avoiding excess, which would causa the formation of dibromonaphthalone. It is a 
colourless oil which distils without alteration. Unaltered by an alcohohe solution of 
potash. Chloiine combines with it, yielding dichlonde of bromonaphthnlene, C“H.’Br CP. 
Bromine converts it into dibromonaphthalene and other brommated products 

Dichloronaphthalme, 0‘“II“01’ — This suhstanoe exists, according to Laurent, in 
seven different modifloationa, namely a, c, ad, e, f, x, and y. [The letters adopted ns 
distinctive marks by Laurent have reference to certain properties which the snhstanees 
bearing them have in common , thus the bodies marked a are always soft ; the only one 
marked h happens to he brittle \casaant), those marked e are always in needles of 
113° or thereabouts , those marked e are in needles of 94°, and so on. The reason 
for the adoption of these special letters does not seem to have been made public ] 
The modifleations a, o, f, and x, are obtained by distilling the alpha modification of 
tetrachloride of naphthalene, and e by treating the tetrachloride with potash , and 
another y by submitting dimtronaphthalone to the action of cblonne. 

The following table exhibits the principal properties of these substances. 


BistinoUvi Charactsra of the Dichloronaphthalenee, 



Dibromonaphthalene, C“’H''Br“. — Prepared by the action of bromine on naphtha- 
lene or bromonaphthalene , it may bo pnnfled by crystalhsation ftom alcohol. Long 
needles, inodorous, very soluble in alcohol and in other Melts at 69°, and crystalhses 
on cooling into a flbrous mass. It is volatile without decomposition, and is not attacked 
by Potash. Bromine acts on it, giving rise to several compounds. — Burning sulphurio 
acid forms dibromosulphonaphtbaho and. ' 

Triahloronaphthalene, C‘°H'OP — According to Laurent, there are no fewer 
than seven isomeric modifications of this substance. It will he quite unnecessary to 
do more than quote the table on page 12, giving their principal properties, 

Tribromonaphthalene, C“H*Br”. — Obtained by heating an excess of bromme 
•with dibromonaphthalene pine yellow needles Melts at 60°, and sometimes does 
not sohdify until cooled to the temperature of the air. 

Sromodiahloronaphthalene, C“H’BrCP. — Several grammes of the modifl- 
oation ad of dichloronaphthalene are to bo mixed in a flask imperfectly closed, 
■with a slight excess of bromine Hydrobromio acid is evolved, which, -with tba 
excess of bromine, may be removed by washing -with a few drops of alcohol and a 
little ammonia. The residue is to be dissolved in boiling alcohol On cooling, the 
bromodicUoronaphthalene deposits in fine needles. The nnattacked diohloronaphtha- 
lene remains in the alcoholic solution. 

This substance is colourless, tolerably soluble in alcohol, very soluble in ether ; and of 
the consistence of wax. Ciystalliseshy spontaneous evaporation of its ethereal solution 
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JHttmoiiw oharaeters of the seven varieties of TneUorona^lithalene. 



.0. . 

«o. 

a. 

d. 

d. 

dd. 

ae. 

Form, 

Slic-aided 
prisma of 
120°. 

SIx-sIded 

rhombus’of 

113“ 

Long 

rhoubus'or 

113“. 

Prisms ter- 
minated by 

rhombus of 

LIkeg 
rhombus of 
124°. 

Silky 
needles, 
rhombus of 
122°. 

Needles of 
which the 
section Is a 
ho\ngon 
derived from 

of 122°. 

HiiiDNass. 

Soft. 

Soft 

EUstlo. 

Unelnstlc, 

biittlc. 

Llkog. 


Soft. 

' MeIiTIKO- 

7fio 

06“ 

78“ to 80“ 

09“ to 70“ 

880 to 00“ 

1C0“ 

[>3° 

Statb 

parnlle)o« 

grams. 


Transpa^nt 

1 opaque^iy 

1 repose 

Trans- 

rosottes be- 
sodde«?y 

conffi^Sth 

a foreign 

transparent 
bpLoming 
ojinqufl on 

Transparent' 
1 rosettes be- 
1 coming 
opaque ou 
repoBo. 

Soft rect- 
angular 
pnrallolo- 
grams be- 

Ernae. 

Extremely 

Very 

eolublo. 

Soluble. ' 

Soluble 

Soluble. 

SlIgMy 

Less soluble 

Alcohol. 

Vcirysllglit- 

Solublo* j 

Soluble 

bolublo. 

Soluble 

Slightly 

aolublo, 

Moru solu- 
ble than a, 


in six-sided needles angles beWcen 120° and 121°. Melts about 80°. Distils 
'frithout decomposition. 

TetraoliloronafJithalens, 0''’II''01'', exists in four different modiflcatioiis. 


Distinctive charaaters of the TetraelUorompMtialenes, 



o. 




Elabticity. 

Soft 

Brittle. 

Flexible. 

Flexible. 

IW 

SIx-sIdad prisms 
ot 120“. 

Oblique prisms 
with obilqiiQ 
base of 103°, 
101°. 100° 

Long needles, 
rhombus of 04^ 

Flat needles, 
rhombus of 
100° 

Mn-TiHu-PomT 

10G° 

126° 

170° 

126“ 


Microscopic 

Needles 

Noedles* 

llusettos. 

Etubh. 

Very soluble. 

Very slightly 
soluble. 

Very fillfflitly 
Ruluble, 

Vory^sIlgUtly 

Naphtha. 



boilhi/ solution 
becomes lilled 
with long 

deposits small 
needk 

portion of the 


Sromoirickloronaphthalene, C">HiBr01*, exists in three different niudiflcu- 
lous, a, 0 , 7 . 

Mudification a is prepared by the action of bromine on the modification a of trichlo- 
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ronaphtlialene It forms colourless six-sided prisms with angles = 117“ 30', and two 
= 125“. Soft like wux. After fusion it crystallises in nueroscopio rosettes hetween 
105° and 106°. Volatile without decomposition. 

Modification (3 is prepared by the action of bromine on dichloronaphthalene. It is 
like the a modification of tetrachloronaphthalene, except that the cirstala are better 
defined Crystallises in six-sided prisms, with four on^es = 120° 30' and two = 119°. 

It is of the oonsistenoe of wax, and after fusion solidSes at about 100° in microscopic 

Modification y is prepared by distillation of tetrachloride of dibromonaphtholene, 
Gl* During the operation bromine and the vapours of hydrobromio and 
hydi'oohloric acids are disengaged The receiver contains a mixture of trichloro- 
naphthaleue (modification o) and the y modifleation of bromotrichlorona;ghthaleno. 
The first may ha removed by solution in ether, a white powder then remaining which 
on treatment with a largo quantity of boiling ether, dissolves, and separates on sponta- 
neous evaporation, m small brilli.int prisms. 

Oblique prisms with obbquo bases, tho angles of the sides being 102“ 30', and' th^'^ 
inclination of tho base to the sides being 101° and 103°. Very sbghtly soluble in ether 
and in boding alcohol Volatdo without decomposition. 

Dibromo dichloronaphthalene, C'“H*BriCP. — There are, according to Baurent, 
two isomono modifications, a and j8. 

Modifioation a — ^Prepared bjr treating the variety / of dichloronaphthalene with 
bromine Hydrobromio acid is then disengaged, and in a few minutes the fluid 
solidifies in needles, which ore to he washed with cold ether and dissolved in a 
very small quantity of hot ether. By slow evaporation the substance is deposited in 
small but brdhant doubly oblique prisms, having tho angles of the faces = 101° 30' 
to 102° 60' and 101° 16'. It melts at 170°, and crystaUises on cooling m flat 
needles 

Modification /3. — Prepared by treating dibromonaphthalene with chlorine. Doubly 
oblique prisms, melting at 166“ and distilling without alteration. Solidifies on cooling 
into a fibrous mass Very slightly soluble in ether or boiling alcohol. 

Totrabromonaphthalene, 0'''H'‘Bri, appears to exist in two isomeric modifica- 
tions When tetrabromide of dibromonaphthalene is distilled, hydrobromio acid and 
bromme are disougagod, and a white matter distils, which contains two substances. 

To separate them, they are first washed with ether and then introduced with 
more ether into a strong glass tube, which, after bemg closed at the lamp, is to bo 
heated to 106° in a water-bath. On coohng, tho tube is to be opened and tho 
substances lemoved One crystaUises in short briUiant pnsms, and the other m very 
fine neecUes They may easily be separated' meebamcaUy 

Tetrabromonaplithalene crystallises in obhqne prisms with obUqua base, in all 
respects resombhug those of the b modification of tetrachloronaphthalene. Soluble m 
alcohol and ether They distil without alteration and resist the action of potash. 
The needles are probably tetrabromonaphthalene a; they are elastic, brittle, and very 
slightly soluble m ether. 

Hihromotriohloronaphthalene, 0'“H*Br“CP. — This substance also exists in 
two isomerio modifications. 

Modifioation a may be prepared by boiling tetrachloride of dibromodoronaphthalene 
(0"’H‘BriCl OP) with alcoholic potash. A white powder is obtained whioh may be 
dissolved in a very large quantity of boding ether or benzene. The crystals can be 
obtained by spontoueons evaporation. Brdhant prisms bdon^g to the trioUmo 
system. After fusion it crystaUises at 166“ in long prisms. Volatile without decom- 
position. Unacted on by potash. 

Modification d, prepared by tbe action of bromino on tetrachloride of naphthalene 
in sunshine, is a white powder abnost insoluble m other, fusible, and crystalhsmg on 
cooling m rectangular parallelograms crossed by two diagonals. 

Kexchloronaphthalene, C’ffCl”, is prepared by the prolonged action of 
chlorine, aided by heat, on the alpha modification of tnchloronaphthalene. If tho 
product contains perddoronaphthalene, it may be punfied by means of ether, in 'which 
the latter substance is comparatively insoluble 

Six-sidecl pnsms with angles of 120“ Of the consistence of wax, and may be bent 
without difficulty. Dissolves lu about 20 times its weight of ether Scarcely soluble 
in alcohol, but very soluble m benzene After fusion it sobdifies at ld3“ in microsoopio 
rosettes Vohitde withoht decomposition, and, Idee its congeners, imattaekod by 
potash. Even sulphuric acid dissolves only a very small quantity. It is uith 
difficulty attacked by boiling nitric acid, which however finally transforms it into per- 
chloroxiuaphthyl, 0"’C1“0“ 

Perohloronaphthalene, C’“C1’. — Prepared, like the hist substance, by the pro- 
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longed action of chlorine on alpha-trichloronaphthalcne kept in fusion. The hex- 
chloronaphtlialene may be removed by ether and the perchloronaphthalene may be 
obtained from the lesic’ -- troleum. 

, Pale yeUoTT needles, ■ ■ . ' which the angles arc 112° 3f)', 

and 67° 30'. Very s , i hoilmg. Volatile without 

decomposition and nnattacked by potash. 

In addition to the above ehlorine and bromine compounds, Laurent has described a 
number of substances containing fractional parts of atoms of cldorine, bromine, and 
hydrogen. Many of these substances appear to be mixtures, but others h.ive resisted 
all oiforts to separate them into bodies having more satisfectory forinul®. It is 
however observable that the substances may be traced to the parent hydrocarbon by 
adduig the fractional atoms together , thus Laurent’s hromide of brona^hthine is repre- 
sented by the formula 0"'H''‘‘Br®'^Br'. Now since b’d + 2'6 ■=» 8, tlio hydrogen is 
all accounted for, and the substance would appear to be tetrabromide of naphthalene, 
in which 2 6 atoms of hydrogen are rwlaeed by 2'5 atoms of bromine. It will not be 
necessary to do more than rive the following hst of substances described by Laurent 
containing fractional fomiulse. The names are those of Laurent. 


fironaphthirio 
Bromide of bronuphtlune 
Chloride of chloronaphtano . 
Ohlorophtone P . 
Chlonaphtlialano A 
Chlorebronaphtin 6 
Broiuide of cliloiehronaphtiue 
Chlorenbronaphtone B 
Bromenohlonaphtose A 
Bromanchlouaphtone A 
Bromochlonaphtniie B 


C"’H;*’’Br2'».Br‘ 

OioHi»Cl’».OP 

OlopJl.SJfpj 5 

0">H*’‘Br'*CP 
0'“H® "Br' '‘CB 
C'»H''»BriCl''» 
C»H'Br''*0P “ 
C'H' ‘Br'^Ci'' 
C"'BrCP'“IP ’ 


Laurent’s vowel system of iiomciielaturo can only bo appUod with difflciilty to such 
coTiibmatioiis as the above. 

Ohloronai,htTial%o acid, O'^II’CIO’. When tetrachloride of oliloronaplithaleiio 
is boiled with nitric acid, and ether poured on the oily product, eliluriile of oliloroxy- 
naphthaleno is precipitated, and may then he boiled with alcoholic potash in which it 
is completely soluble. On diluting with a small quantity of water and neutralising 
with an acid, chloronaphthabo acid orystahiaos out on cooling (Laurent). Accord- 
ing to Wolff and Streckcr, this process, instead of yielding the ordinary yellow harmm- 
salt, sometimes gives a purple-red salt, possibly of a more highly clilorinated ohloi’o- 
naphthalio aeid. 

The acid forms long, yellow, transparent needles, unaffected by exposure to tho air 
Melts about 200°, and on cooling crystallises in laminse. Distils without decomposition. 
Has the same formula as cliloroalizarm — ^Nitrio acid converts it into phtliahc and 
oxalic acids. — It is not reduced to alizarin by potassium-amalgam or by tho voltaic battery. 

OKoronaphthalatc of aminontim forms radiated crimson needles Tlie patamim-sali 
forms oai'mine coloured needles, containing when dried at 100°, 18'07 per cent. ffO, The 
barium-salt, 0">H'‘ClBaO*, prepared by precipitating a solution of the ammonium-salt 
with chloride of banum, crystallises in orange-colonted silky needles. The strontimi- 
salt forms orange-yellow needles, the oakium-salt, orange-coloured needles. The 
alwmmwn-salt is an orange-coloured precipitate , tho cadmium-salt is a vermillion- 
coloilred precipitate which under the microscope appears in cruciform ciystals , tho 
cobalt-salt, a crimson precipitate becoming brown on drying, vermdlion-eoloiired 
under the burnialier. The cojPper-snZt is a crystalline crimBon-coloured precipi- 
tate; the /«me and /muiM salts are brown precipitates; the lead-salt a gehitinous 
orange-red precipitate, the silver-salt a gelatmous blood-red precipitate When pre- 
pared with heat, it forms a carmme-coloured crystallmo precipitate. Mcrcury-salis. With 
solution of corrosive sublimate, a solution of ehlorouaphthalate of ammonium gives a 
reddish-brown precipitate. 

OUoronaphthahe acid almost rivnla turmerio and litmus in its sensibihty to the 
presence of alkalis. Pa^er stained with an alcoholic solution (very dilute), if exposed to 
ammomacal vapours, instantly assumes a more or less deep red colour. 

Mtro-componnds of NapUhdene. 

ifi onaphthalene, C’"H’NO’ ’Preparation.—^-} far the most convenient method 
of preparing nitronaphthalene is to expose naphthalene to the prolonged action of cold 
nitric acid of moderate strength. Por this purpose the hydrocarbon in small pieoe.s or 
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crystals is to be placed on the surface of nitric acid, of Bpeclfle gravity 1 "SS. Large slial- 
loiv evaporating basins are the most suitable vessels for the purpose. Six pts. mtrjo 
acid tviU suffice to convert 1 pt. of naphthalene. After exposure for some time, it -will 
be found that the naphthalene has fused into- a cake. It may then be cut with a piece 
of sheet glass or a platinum knife into small pietes which, after draining on a fuimel, 
may he broken up in a mortar and returned to the acid. This is to he repeated as often 
as the mass becomes caked, about a week being required to complete the process. No red 
vapours of any consequence are evolved, and there are no secondary products formed. 
When the action is completed, the product is to ha broken smaU. and drained on a fun- 
nel until no more acid liquor falls. It may then be washed with cold water The final 
purification may he effected by one or two crystallisations from hoiKng methylated spirit. 
By this process even hundredweights may he prepared with the greatest ease. 

Prqpertirs.- -Pale yellow prismatic needles derived from prisms of 100“ and 80®, the 
acute angles being truncated. Melts at 43" ' ' ' 'to 64° at the mo- 
ment of bohdifleation. Volatilises almost ■ if carefully heated. 

If the heat be applied r^idly, it decomposvo v.^iu ujju. uuj,03ition of carbon 

Becoinposiiiom — 1. Wm oua aoetaU reduces it to naphthylamme, us also does avl- 
of ammonmm (see NAPiEtH-ri.iinNn) — 2 Sulphiie of ammonium converts it 
into naphthionio and tWuaphthamioacids.— 3. Heated with 7 or 8 times its weight of 
hydraU of ccdoitm or hanum, it yields Laurent’s naphtase — 4. OhUrvne aided by heat 
converts it into an oil which, when treated with potash, yields the a modification of tri- 
oUoronaphthalene, or sometimes tetrachloronaphthalene. — 6 bromine aided by heat 
yields hydrobromio acid and dihiomonaphthalene. — 6 Fuming aulphunc^aoidQbimtiiia 
It into nitrosulphonaphthalio acid. — 7. Heated in a water-bath -with a part of 2 ]ita. 
hydraU potassium and 1 pt. fresh hydrate of calmwm, as httle water as possible being 
used, it decomposes completely, yielding the potassium-salt of mtrophthalic ,aeid. — 

8 When it is heated in a retort with hydrate of potassium and slahed lime to a tempe- 
rature of 140®, and oxygen passed over it, the gas is slowly absorbed and the mixture 
becomes yellow. The operation takes ten or twelve hours, at the end of which time 
the oxidation of the iiitronaphthaleiio is almost complete. The alkshs have then 
entered into union with a substance which Dnsart calls nitroxynaphthahe acid. (See 
NiTEoxvirArsTHALio Aom ) 

Dinitronaphthalene, O’^HWO'. — Naphthalene or nitronaphthalene may ho 
converted into this compound by long boiling with nitric acid. The operation is to 
he continued until the oily layer solidifies entirely on cooling, the product being 
washed on a glass funnel with water, and crystallised from alcohol. It forms very 
small needles which crystallise from a solution m nitric acid lu rhombic prisms of S7® 
and 118°. Melts at 186°, and maybe sublimed m smuU needles. When suddenly 
heated, it decomposes violently, -with ignition and deposition of carbon By prolonged 
boiling it IS converted into trimtronaphthalene Chlorine produces di- and triohloro- 
naphthaleue Sulphide of ammonium converts it into seminaphthylamine A feebly 
ammonmeal boiling solution is reduced by sulphide of hydrogen to ninnphtliylamiiio 
(Wood). Its nlcohoho solution is converted into nitrosonaphthyhn in contact vnth 
einc and hydrocltlono acid. (Perkin and Church ) 

Trimtronaphthalene, 0"*H'N’0'. — This compound exists in three forms, a,& 
and 7 

Modification a — When naphthalene is boiled for a day or two with strong nitric acid, 
colourless crystals are formed which are a mixture of dinitronaphthalene and tnnitro- 
naplithalene, a and $. The dinitronaphthalene and a substance called by Laurent niiro- 
naphthaleise may be removed by ether. The residue is to ho hoUed with only enough 
alcohol to dissolve half of it. By spontaneous evaporation the tcinitronaphthalene a 
wJl be obtamod mixed with needles which may he removed by agitating the hqnid and 
pouring off the suspended crystals 

Ehomhie tablets, pale yellow, inodorous and only veiy shghtly soluble in boiling 
alcohol Volatile without decomposition when carefully heate^ hut decomposing with 
violence when heated rapidly. Melts nt 210°, and sohdifles into a fibrous mass on 
cooling 

Chlorine first turns it red and then decomposes it. Aleohohc potash in solution evolvea 
ammonia, yielding a red solution from which acids precipitated brown or blade flocks. 

Modification |8.--The residues of the preparation of modification a are to he mixed, 
and boded vnth nitric acid for 6 or 6 days On cooling needles are obtained which are 
to be washed first -with nitric acid, then with water, and finally with alcohol. They are 
colourless at fli'st, but become yellow by expoaure, melt at 216°, decompose with 
ignition when heated m close vessels , 'very shghtly soluble in hoihng alcohol or other, 
leas so in fact than any other of the nitronaphthalenes. 

Boiling aleohohc potash turns the compound orange-red at first, then brown. Acids 
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precipitate from the alkaline solution a hrowu substance. Boiling nitric acid dooom 
poses it aecordnig to Laurent, which is strange, considering its mode of fonnation. 

Modification y, called also Marignada Tnnitronaphthahne This snbstonce constitutes 
the chief part of the insoluble residua remaining wlwn dinitronaphthaiene is pre- 
pared bjr boihng naphthalene witli nitrio acid without the aid of fuming sulphuric acid. 
This residue is to be washed with water and oxtacted hy cold ether which dissolves 
the trimtronaphthalene 7 , nud yields it on evaporation as an adhesive resinons mass 

It IS pale yellow, erystallises in a pulverulent form from a solution m boiling alcohol. 
Melts below 100°. Almost insoluble in boding ether, .ind only sparingly soluble 111 
boding alcohol. IVhen carefully heated it sublimes, but if the heat be applied rapidly 
it decomposes with explosion. Solutions of the caustic and carbonated alkalis dissolve 
it with a fine red colour, the solution gradiiuEy becoming black, Prom the aUcahna 
solution aeidfl precipitate brown flocks, having, according to Morignac, the formxda 
G'm>SO\ 

Laurent has described several Other compounds derived from the nitronaphthalenes 
by substitution of one or more atoms of hydrogen by bromine and chlorine ; they are 
not however of any very special interest, 

Stilphuno derivatives of NaphiluUcne, 

Bor the numerous products of the action of sulphuric acid upon naphthalene, see 
Sui.eHONA.PH.TKAi,io Aoih. 


Prodwia of oxidation of lit aphihalmie. 

The following products of oxidation of naphthalene will be found under their pro- 
per headings, HiPHTHiPASB, NirHiiussia Aom, Naphteulmw, 

Uses of Naphthalene 

The enormous quantitioa of uaphthalone which are produced during the distillation 
of eoal-tar are seldom or never extracted from the ‘pitch oil.' Great efforts have 
been made to find a use for it, but none have been entirely sueoessful. Lump black 
IS sometunes prepared by condensmg the dense smoko wllioh burning naphthalene 

A Praneh surgeon, M. Emory, has employed naphthalene in the treatment of certain 
skin diseases. He tried it on fourteen patients, in tho hospittd of St. Louis, and 
twelve were cured. In the two cases which failed one was a woman 30 years of ago, 
who had been afSictod for eight years with psoriasis gyrata ; the other was a young 
man who had suffered for eight years with lepra vulf/aria. The latter ea.se was om'od 
by a two months’ course of pitch ointment. The mode m which M. Emory applied tho 
naphthalene was in the form, of ointment in the strength of 3ss to 31 of lard, The in- 
flammation which sometimes supervenes must he combated hy ponftices. 

Gi-eat efforts have also been made to produce fast colom« ffom naphthalene, but up 
to the present time the results have not been snecessfnl. There is no doubt whatever 
that in a few years, perhaps in a few months, the difficnlties in the way of ntilising 
naphthalene will be overcome 

Tho action of reducing agents, such as sine and hydioehlorio acid, upon duiitroiiaph- 
thalene gives rise to mtrosonaphthylin, a beautiful colouring matter. Tho same com- 
pouiidalso affords colours when heated with stannous chloride and cyamdo of potassium. 
The close relations which appear to exist between the formulco of abzarin and some of 
the derivatives of naphthalene have long led to a hope of tho artificial 'formation of 
ths former subslanco. Indeed M Eoussin, by reducing dinitronaphthaleno with sul- 
plnirio acid and zinc, produced a colouring matter which was for some time considered 
to be alizarin; subsequent researches howaier showed that tho conclusions winch liad 
been formed regarding M. Eoussin’s substance wore too hasty. In fact nuphthazariii 
yields only sombre shSles, which have not been found of industrial impoxtence. 

Tho beautiful substance obtained by Messrs. Perkin and Church by acting upon a 
salt of naphthylamine with nitrite of potassium, and to winch they have given the name 
of azodinaplithyldiamine (see NASHTBxr.AmNB), melds superb-coloured derivatives, some 
of which can easily he applied to tiseues , they have not yet however been Buoaessfidly 
fixed. 0. G. W. 


MAFHTHAXiIN'. ) 
XTAPHTHAIiINB. > 


, with NAPHTHALBirE. 


BT APHTH AlO-CTAWIC and WAPaXHAKO-SUXiPKOCVAiriC ACIDS. 

Syn. with Oyajtatb and SnapsooTAiTAnj os llAPimnn. (p. 19). 
WAPHTHAMHIM'SI. Syn. with OxYNA]?HTirn,Ai£iOT. 
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ITAPBTBESXC ACID. Cf^IPO^. PrMdrafe'flM —Aecordmg to Laurent, when 
naphthalene is treated with aoid chromate of potaaainm, water, and sulphune aeid, 
a violent reaction takes place and naphthesio acid (and sometimes a rose-coloured 
substance, carmmaphthone C®ifO" ?) ia formed. The mass, aftertho reaction is over, 
13 to be treated widi water and thrown on a filter The solntion, after the lapse of a 
considerable time (two mouths), deposits crystals of chromc-alum, which m time become 
covered with white warty granules The latter are to bo dissolved in alcohol, and the 
solution lifter filtration is to he evaporated, when the imphthesie acid will remain as a 
crystaUina mass. 

Properties.— ’ShoxahM needles of 63° and 122°. Melts below 100° and may be 
fcubUmed at a higher temperature. Soluble in alcohol, almost insoluble in- water. 

0. a W. 

NAPHTHIOiriO ACID. C'“H"N.S0“. Sidphonaphthalidamie aeid. (Pina, 
Ann Chim Phys [3] xxxi. 217: Gm. siv 110, Gorh in. 469.) 

Preparation — One part of mtronaphthalone, after being washed with water until 
the nitric aoid used in its preparation is removed, is warmed with 6 parts of alcohol 
until dissolved , and 6 parts of solution of sulphite of ammonium, specific Kavity 
1 24, are added, The mixture, if kc^t gently boiling, deposits acid sulphite of 
ammonium, and acquires an' acid reaction. Carbonate of ammonium in powder is 
then to be added until the acid reaction disappears. After boiling a shoit time 
the aoid reaction kgiiia becomes apparent, and must be destroyed as before The 
boiling IS continued until no turbidity ia observed on adding a drop of the liquid 
to water, The liquid forms two strata, the upper containiug thionimhtbomata and 
naphthionate of ammonium, and the lower sulphite and sulphate. The upper layer 
is to be separated and ei apornted over a himp to an oilj consistence and then put 
aside. After some time it becomes converted into a muss of orange-yellow crystals of 
tluonaphthamate of ammoiuum. The mother-liquid, which contains the naplitliionute 
of ammonium, ia heatod to 100° and mixed with hydrochloric acid, which precipitates 
the naphthionio aoid It is now to he washed with wata- and with alcohol, until the liquids 
come away ooloui-less The naphthionate of ammonium is then to be converted into 
a oalmum or sodinm-salt, which may bepnrifiod by repeated crystallisations , and, when 
it has become colourless, it is onco more dissolved m water and precipitated by a 
slight excess of hydrocliloiio acid The acid thus precipitated is washed with water 
and then with alcohol As moist nnphthiomc acid is easily altered by contact with 
air, it is necessary that the water used for washing it be freed from air by prolonged 
ebullition. 

Properties. — As precipitated fiiom a warm solution, naphthionio acid forms small 
light colourless crystals resomhhng asbestos. It is tasteless and inodorous ; reddens 
litmus paper. It is only sh'ghtly soluble in water, 2000 parts of the latter dissolving 
only 1 part at ordinary temperatures. It is only slightly soluble in aleokol. It 
completely saturates alkalis, hut its salts with heavy motals have an aeid reaction. It 
evolves acetic aoid from acetates even at ordinary temperatures The crystals axe 
rendered anliydrous by a temperature of 100°. 

Pecompoaitions. — 1. Amted on platinum, it bums and evolves sulphurous aoid, giving 
off an inflammable vapour liaving uu odour rocalhng that of hitter almonds , it leaves a 
large carbonaceous residue — 2 Moist najilithiomo acid is decomposed by exposure to 
the air — 3. It is not decomposed by boiling with eoneentrated hydrochloric aoid. 
— i Conor, itrated sulplmno aoid dissolves it with the aid of heat The solution is 
transparent and colourless, it may be boated to nearly 200° without decomposition, but 

about 220° it begins 'to blacken and give off vapours of sulphuric acid 6 Oon- 

coutiMted solution of hydrate of sodium does not attack it — 6. Bduiemtnc and is 
without action on it, but when concentrated, especially if it contains nitrous amd, it 
converts it into a brown resin —7. CMonne passed mto a solution of a naphthionate 
turns it brown and precipitates a resinous substance. — 8.' Jmd chromate of potassmm 
aided by heat acts like ohlorme. The presence of sulphurie acid accelerates tte deoom- 


Saits of bTAPKTKioNia Acid — The naphthionates are aU soluble, and crystallise easily 
from a solution in weak alcohol .Solutions of naphthionates ore opalescent, and when 
viewed at different angles transmit beautiful red. Hue and violet colours. JExeessively 
weak solutions produce these effects, a solution of naphthionate of sodium eoataming only 
aMooo being capable of showing the phenomenon. 

The aqueous solutions of the naphthionates of the alkiili-motals are not precipitated 
by acetic acid even when heated , but the alcoholic solutions treated with acetic acid 
yield a small precipitate of naphtluonie acid. — Pernc cMoride added to a solution of 
naphthionate of sodium, gives an ahundaiit hrick-red precipitate which turns brown 
when heated —PlntMic chloride gives a yellow precipitate.— dVifrafe of silver girea a 
A^ol. IV. 0 
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^Thits orjBtalline preeipitata. ’Dnohlorlde of gold tons tha solution of naplitWonate of 
Bodium piu'ple, and gives a precipitate of metallic gold. — Mercuric chloride affords a 
■white precipitate. — Sulphate of copper turns the solution yellow, but gives no pre- 
cipitate, 

NaphiMonale of Jmmomum — ^Vary soluble m water and alcohol , crystaUises with 

NapIitMonaie of Barium,. — This compound is best prepared by double decomposition 
of a solution of naphthionate of sodium with chloride of barium ; for this piuposo 
2 parts of naphthionate of sodium and 1 part of chloride of barium are to be dissolved 
in 10 parts of boiHng water. The naphthionate of barium crystiUises out on cool- 
ing, and may be rendered perfectly pure by two recryetaUisatious from boiling 

Two different kinds of crystals of this salt may be prepared by regulating the 
temperature at which the solution erystallises. If a small quantity of liquid be 
employed, micaceous laminm form in the fluid while still warm. The crystals so formed 
havo n slightly violet tint. If the solution, on the other band, is more dilute, 
it does not begin to erystaUise until nftor complete cooling, the salt then assumes 
the form of Im-go transparent rhombohcdrol laminsB. It is moderately soluble m 

Naphthionate of Calcium, C“H'“Ca'WS’0“ SH’O.— Whon crude naplithiomo acid is 
boiled mth milk of limo, the Altered solution ovnporatod over the w.iter-bath, and 
then loft at rest, bulky reddish crystals are deposited which may bo puriflod by washing 
on a funnel with cold alcohol, which dissolves resinous im]3uritios The salt thus 
partially purified is to bo dissolved in boiling water, decolorised by animal eliareoul 
and sot aside to ciystaUiso. It crystallises in white somi-transparunt lamiiiic having 
a fatty appearance Individual crystals appear colourless, but when aeon in nmsscs 
they possess a very beautiful rosy tint. Very soluble in water, iilinust insoluble in 
alcohol. It has no action on vegetable colouring matters. 

Naphihionatc of Lead, C“"H"’Pb"N''a'0‘' 2H*0, prepared by cloublo docompoaition of a 
solution of niiphtliionato of sodium with nitrate of lead’, forms short reddish noodles, 
slightly soluble in water, but insolublo in alcohol. Reddens litmus. It is altered 
by boiling with water, tho solution becoming red and gradually losing its power of 
.crystallising, 

Naphthionate of Magnesium, C“H'“Mg''N’S'“0“. — Easily obtained by boiling for 
about two hours a mixture of 2 pts of crude naplithionic acid and 1 pt, of earbonato 
of magnesium with water. Tlie solution is to he filtered aud sot aside to erystaUise, 
It is to be purified by recrj'stuUisation from weak oleohol. If tho solution be coiieoii- 
trated, the resulting salt will contain i atoms of water of erystdlisation , but if tlio 
mother-liquor bo aUowed to evaporate spontaneously in vaouo, tlie crystals will contain 
5 atoms of water. 

Naphthionate of Foiassium, C'“H*K1IS0’. — ^This salt is anhydrous, very soluble in 
•water aud alcohol, but sparingly soluble in the same liquids when hydrate of potassium 
is present. It is easily obtained by dissolving crude uaphthionio iicid in a boiling con- 
centrated solution of hydrate of potassium. It orystaUises out on cooling in small 
micaceous laminoe. 

Naphthionate of SUver, C'“B?AgKSO® ffO, obtained by decomposing a perfectly 
neutral solution of nitrate of silver with a solution of naphthionate of sodium, is a whito 
ourdy powder, sometimes becoming converted into dense crystallino grams With an 
adamantine lustre Little soluble in cold water, more so in hot Lecomos grey on 
exposure to light. , 

Ammoniac^ naphthionate of Silver, C"‘H“AgS0’.2NHb2I[’0, is deposited in white 
crystaUins grams, on treating a hot solution of the last-described salt with ammonia 
and leanng the hqiiid to cool It is hut slightly acted upon by light 

Naphthionate of Sodium, 0'"H."NaNS0*.4:H.“0 — This salt may be prepared by dis- 
solving crude naphtliionie acid in hot alcohol, with addition of powdered carbonate of 
sodium. The boding solution, after filtration and repose, yields fine nearly colourless 
prisms of tho salt. It may he purified by being reduced to powder and w’oshed on a 
funnel -with a. concentrated tdeohohe solution of hydrate of sodium , after this it must 
be dissolved lu alcohol, and decolorised by animal ehareoal. After tlie latter treatment 
it -will be necessary to recrystalhse it several times. —The salt forms fine pribms be- 
longing to the mouoclinio system, very slightly soluble m alkaline liquids, and readily 
soluble in water and alcohol, insoluble m ether When ui iliivsBes iho crystals always 
appear yellow. The crystals are at first insipid, but aftern arils yield a sw ect persistent 
taste The salt serves for the preparation of sei er.il of the naplithionates by double 
decomposition — When heated, it yields a residue of sulpliate und much oaibon —It is 
not changed by axposuro to dry air. 

Naphthionate of Zinc, C™H'“Zn"N®S'‘0’. — Obtained by double decomposition of naph- 
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thionate of sodium with sulphate cfzine. It forms large red lamznsa, transparent but 
becoming opaque at 90°, with loss of some of its water of ciystallisation. Very soluble 
in water, soluble in anhydrous alcohol with the aid of heat. Becomes anhydrous 
between 150° and 160°. C Q-. "W. 


jrAPHTHUMraiW. C“H“0* (Schutzenberger and Willm, Compt. rend, 
xlvi. 894 ) — substance produced together with azodmuphthyldiamuie (p. 23) by the 
action of aqueous nitrite of potassium on hydrochlorate of naphthylamine. The 
azodinaphthyl-diamine may he dissolved out by alcohol or ether, and naphthuhmn 
then remains as a black, rather bulky, humns-hke substance, insoluble in nearly 
all solvents, especially in acids and alkalis. It dissolves however in strong sulphuiic 
acid, forming an indigo-coloured solution whence it is precipitated by water. 
hTAPBTB'SXi 0‘“H' — The monatonue radicle of naphthylamine, &o. 

0)/amteof Na.;pkthyl, 0''H’N0 1 0, is pi^duced in small quantity by heating 

dinaphthyl-carbamide with phosphoric anhydride (V. Hall, PhiL Mag [4] xvn. 
304), probably also when menaphthonmide is heated fa 260° (Perkin, Chem. Soe. 
J DC 8) It forms magnificent easily fusible crystals, maoluhle in water, taeily soluble 
in alcohol and ether Its reactions ore exactly analogous to those of cyanate of phenyl 
(u. 196) (Hofmann, Compt. rend. xlvn. 426.) 

Sulp/tocyanato of Haphthyl, C'H’ftS = Obtained, together with naph- 

thylamine, by distilbng dinaifothylsulpho-carhamide with phosphonc anhydride : 


(C'^H’)” 


It forms splendid, easily fosible crystals, having a peculiar o()our, insoluble m water, 
very soluble in alcohol and ether. When boiled in alcoholic solution with naphthyl- 
ammo, it is reconverted mto dmaphthyl-snlphooaihamidc. With antlinc it forma sid- 
phooyanateofphenyl-naphthylamine- ^ gj |n = 0'»H»(0^mNl®' ' 

(Hall, Hofmann; loo. ait ) 

H'APBS'B'iriiAnimB. C">H»N. Naphthalidam, Naphthalamine, Naphthalidine. ■ 
(Zinin, J. pr Chem xxvil 143 ; ahstr. Ann. Oh Pharm xliv. 283. Piria, Ann Ch. 
Phys [3]xxxi.217. B4ohamp, ilii. 186. Delbos, tiucl. xxi 68. W.H Perkin, 
Chem Soo Qu. J. ix. 8; Chem Gaz. 1866, p 119. Hugo Schiff, Ann. Ch. Phys 
In 112. A. W. Hofmann, Compt. rend, xlvii. 426, Ann. Oh Pliys. [3] hv. 201. 
Schutzenberger and Willm, Compt. rend, xlvii. 82 Perkin and Church, 
Chem. Soo J. xvi. 207. — Discovered by Zinin ml 842 dm'uig his important researches 
on the reduction of nitro-compounds 

Preparation. — Zinin’s process consists in mixing 1 pt. nitronaphthalene with 10 
pts of strong alcohol, and sutimating the mixture hret with ammonia and then 
with sulphide of hydrogen. The essential features of the reaction are expressed by 
the atinexod equation . 

CitUqs’O’ -t 3H^S = eWN + 2H’’0 + S». 

Nitronaphtlmleiie. Naphthylamine 

Piria’s process consists in taking advantage of the ease with which the thionaph- 
thamates are converted into naphthylamine. Wlien the thionaphthamate of an allcali 
IS treated with dilute sulphuric acid and the solution is heated, sulphate of naphthyl- 
amiue is produced in acoordiince with the equation — 

2C'‘’H‘>NSO» + H"0 = 2(0'“H"B)H’'SO< 

Thiounplithamic ncid 

3 According to Pir in, naphthylamine is also produced by distilling a thionaphthamate 
with excess of hydrate of calcium. 

4 The process almost nivarmhly used at the present day is, however, that of Bdohamp, 
which consists in reducing nitronaphthalene with iron filings and acetic acid. Accord- 
ing to Schutzenberger and Willm, phthalamino, C'H’BO®, is also formed m this re- 
action The production of naphthylamine by Btchamp'sprocess is precisely analogous to 
that of aniline from nitrobenzene with the same reagents, and may he written thus ; 

CioH'NO’' + 6P0O + H’^O = 3Fo‘0’' + ‘C'"®!!. 

It is quits unnecessary to give at length all the ■modifications of Bdehamp’s process, 
which have been described by various operators Tlio following method of prepara- 
tion will be found to answer either on the large or on the small scale 1 pt of nitro- 
naphthaleno which bus been well washed with water to remove adhering nitric acid, is 



20 


NAPHTIIYLAMINE. 


mixed with li pt. of iron filings, and commercial acetic acid is added in sufficient 
quantity to cover the whole. The retort must ho very capacious, and atiould he able to 
hold at least ten Umea the quantity of the ingredieuta taken A gentle heat is applied 
unti], tho nitronaphthalene melts. The reaction soon sets in, and la generally very 
active, the contents of the retort Nothing violently, and boiling over unless the fire is 
removed. As soon as the frothmg has subsided, the retort is to bo cautiously heatod 
until tho acetic acid has distdled over, after which it is to be removed from the 
fire and allowed to cool. A strong solution of hydrate of potHssium may then he 
added, until the mixture, ^er being well stirred, is powerfully alkahne. The retort 
may now be transferred to' a deep sand-bath and covered with sand up to the neck. 
The fire is to be urged until the naphthylamine comes over, which however will not 
bo the case until the temperature has risen to 300°. The oily naphthylamine thus 
obtained is piu-iflod by solution in hydrochloric aeid ; the filtered liqmd is evapo- 
rated to di-yness and distilled with liydrate of calcium ; the hasp then passes over 
in tho form of a colourless oil eoiitaininatcd only by the presence of phthalamino 
The latter may ho removed by converting tho mixture of bases info sulpliates and 
crystallising. Tho sulpliiite of naphthylamine being less soluble than sulphate of 
phthalamine, will crystallise out first. 

Eoussin prepares naphthylamine by troatmg mtronaphthalona with tin and hydro- 
ohlono acid. He introduces into a balloon (which should have twice Die capacity 
necessary for holding the ingredients) 6 pts. of commercial hydi’oohlorio acid, 1 pit. of 
nitronaphthalene, and as mueli granulated tin as wiU reach to the surface of the mixture. 
The haUoon is heated in a water-h,ith and shaken at intervals An energotio re- 
action is soon set up, tho nitronaphthalene disappears, and the mixture, winch is of ii 
brown colour, becomes transpaiont Tho product in this condition is poured into 
an earthenware vessel contaming tivo litres of commercial hydrochloric acid diluted 
ivith half its hulk of water The hydrochlorato of nuplitliylamiiio soon begins to crys- 
talhse, and finally renders tho whole solid On cooling, tho magma is drained on linen 
filters, and subsequently pirosscd. To purify tho cindo hydrochlorato piropured in this 
manner, it is, after drying, to ho dissolved in boiling water and treated with u suffi- 
cient quantity of solution of suliihido of sodiuii '■ ■ ■ T' e liquid is then 

passed through a wet paper filter to remove a hydrochlorato 

erystalliBes on cooling. Tho base may he sopi in alkali. 

P) <) 2 if?-fics.--Haphtliylamino precipitated fro ^ to by ainmonia 

forms whits silky needles. As ordinarily ohtauiod by distillation, *it is a yellowish- 
white orystalliiio muss. It melts at 50°, and distils atahout 300° without decomposition. 
In spite of this fact its vapour-density docs not appear to have been determined, If 
very slowly heated it sublimes m long silky needles. It has a most disgusting and 
persistent odour, which adheres to tho hands and clothes for a long timo. Some per- 
sonsappear to be injuriously affected by it when workmg with it for some tune (Caroy 
Lea) Solutions of naphthylamine colour deal-wood yellow even more mtonsely than 
aniline. (Hofmann.) 

Deomnpoiitions ~l. Naphthylamine burns with a smoky flame, leav ng a residue 
of carbon (Zinin). — 2, Tuims violet in theair(Zinin). This violet substance appears 
to be produced during the forniation of naplithylamme ftom nitronaphtluileiie by Bd- 
ehamp's process, one or two grains ara all that can bo obtained from 60 or more grammes 
of nitronaphthalene (Carey Lea), Sublimed naphthylamine becomes coloured only- 
after long exposiu-e to tho air and sunlight, and if protected from these iiifiucnoas may ho 
kept nniUtered for years (Zinin) — 3 Heated to 200° ivith dry mercurous nitrateil 
yields, according to the quantities of salt employed, vunoiia shades of colour fiom that of 
auiline-Tiolettothat of fuehsino (Seheurer-Kestner) —4. Stannio ahhride converts 
it into a red colour (Kestner) — 6. Not attacked by cUonns in the cold, hut violently 
when in a melted state, hydi'oehloratO of nnphtliyUmino and a resinous substance being 
formed (Zmin).— 6 Solution of hydrochlorato of naphthyhmnno treated with ahlormn 
affords a violet colour, a brown resin, and a substance erystoUisiug in golden-yellow 
needles (Zinin) — 7, With/e»TO cUoridc, nitrate ofsUmr, tricUonch of gold and oxi- 
dising substanees generally, it gives an aznre-blne precipitate of naphthamoine (Pina). 
— 8 When mtnte of •potassium, is added to a solution of a salt of naphthylamme, a 
reddish-brown precipitate is immediately piroduced called by its discoverers azodi- 
naphthyldiamine, and ha-ving the formula C“H'W (Parkin and Ohuroh). 
- — 3 Plaimio chloride, mereuric Moride, and chlonde of sine yield the naphthomeina 
of Piria which appears m feet to he oxynaphthylamino (Schiff). This is probably 
also the substance obtained by heating nitronaphthalene lyith the hydrates of potas- 
Bium and oaloiura. — 10 Nitno acid, especially if it contains nitrous acid, converts 
naphthylamine into a brown powder, almost insoluble m water, but soluble in alcohol 
with the production of a violet liquid (Zinin) Inasmucii as tho last reaction is 
favoured by the presenco of nitrous acid, it is probable that tho resulting product is 
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(or at least coutaius) Perkin and Church’s azodinaphthyldiamine. This is rendered 
the more prohahle heeauae, according to Zmin, the product of the action of mine, 
amd 18 obtained, on evaporating its solution, in the form of crystals resombling 
murexide, and ’ i.t n. tystoUises m magnificent green crystals havmg 

somewhat the ' but much larger and finer. — 11 A mixture of 

mtna and &iilphmic aoids acts violently on naphthylainine , on the addition of water to 
lie mixtui'e flakes are deposited whidi are probably nitronaphthylamme, 0“’H*(ilO-)N 
— 12 OxycUoride of phosphorus converts nuphthylamine into trinaphthylphosphaimde 
(Sohiff) — IS A solution of amd chromate of potassium added to a solution of a salt 
of naphthylamiiie yields a precipitate containing a, violet colouring matter — 14 A solu- 
tion of naphthylamiiie in anhydrous other when treated with gaseous cyania aaid, affords 
napbthyl-urea, , under certoin cireumstances thoreaction proceeds differently, 

and colouring matters are formed (Sehiff) — 15. An alcoholic solution of naphthy- 
lamine combines with ozl of mustard, forming allyl-naphthyl-sulphooarbamida, 
C‘'H”N-S* (Zinin) —16 With sviphocyanate of phenyl, phenyl -naphthyl-sulphocar- 
bamide is produced (Hofmann). — 17- When an ^coholic solution of naphthylamine 
is treated with disulphide of carbon, or when it is heated m a sealed tube witli that 
rea^t, dinaphthyl-aulphocarbamide is produced (Laurent, Delbos, Schiff). — 
18 When fused naphthylamine is treated with gaseous oUonde ofoiianogen, heat is given 
off and hydroehlorate of menaphthylaminej C**II*’IT’.HC1, is formed (Perkin).— 
19, With the iodides &e of the alcohol-radicles, mothyl-naphtliylamine, othyl-naph- 
thylumine, &a., are formed. (Sohiff.) 

Salts of NAPHTsn.AMntE. 

Sromhydrate or Hjidvoironiote, C'‘’II''N.HBr — Obtained by decomposing a 
concentrated alcoholic solution of sulphate of naphthylamine with bromide of potassium 
or baiaum. The solution filtered from tlie sulphate of barium is to be slowly evaporated. 
CiystnUine salt, readily soluble m alcohol, moderately soluble m water. 

Ghlorhydrate ovBydroohlorate, CWN-HCl — ^Wheii a strong solution of naph- 
thylamine in alcohol is mixed with hydrochloric acid, the whole solidifies to a mass of 
hydroehlorate of naphthylamine, consistmg of small shining scales, r,ither freely soluble 
111 water, aud still more so in alcohol and ether It sublimes at about 200° with only 
slight decomposition , the snbhninte consists of voiy fine needles Like the 8Ulphate\. 
the dry salt is not decomposed by exposure to the atmosphere, but the solution, or the 
crystals if wet, become rapidly decomposed, with production of a red colour, 

Ohloromorouratc — ^When a solution of m eronrie chloride is added to an alcoholic 
solution of naphthylamine or of its salts, a curdy yellow precipitate is obtained, it is 
soluble with difficulty in cold alcohol, but is deposited from a boihng solution on 
cooling in crystals 

OhloToplaUnatc.~k. yeUow precipitate slightly soluble in cold water, stiUIeaa 
soluble in alcohol and ether It crystaluses without alteration from a boding aqueous 
solution (Gerhardt). On pouring an alcohoHc solution of hydroehlorate of naph- 
thylaniine into a solution of platinio chloride, a green colour is developed, and the 
salt IS deposited as a brownish green-yeEow powder. (Zinin ) 

Nitrate, 0’“H®brHN0‘ — Naphthylamine dissolves withont decomposition in weak 
boihng nitric acid if the latter be free from nitrous acid. The solution becomes however 
slightly reddish. On ooohiig brilliant scales are deposited of nitrate of naphthylamine. 

Oxalates. 1. Acutralsafr— Crystallises m stellar groups consisting of small laminm 
having the formula 2C'"H®N C'H'O' It yields dmaphthylcarbamide on disbllatioii. 
— 2, Aoidsalt, — This salt forms in white warty masses, readily soluble 

in water and alcohol. When submitted to destructive distillation, it yields a brownish- 
yellow powder soluble in alcohol but insoMble in water. 

Fhosphates. 1. Orthophosphate — ^Naphthylamine treated with solution of phos- 
phoric aoid which has not been ignited, forms this salt, wluch is readily obtamed in 
crystals even when dilute solutions of the base are treated with an aqueous solution 
of the acid. It rapidly turns fed iy exposure to the air. — 2. Metaphosphate.—'Whm. 
an aleohohc solution of naphthylamine is treated with solutiom of metaphosphorio 
aoid in alcohol, a white pulverident salt is obtained. It is only sUghtly soluble in 
water and alcohol. 

Sulphate of Naphthylamine, 2(G"‘H‘'N).H-SO*, may bo formed by dissolving 
the base in warm sulphuric acid. No crystals are obtained on cooling even to 0°, 
but, on dilution, the whole becomes nearly solid with small scales of tho salt. The 
same salt may be obtained by adding sulphuric acid to a solution of thionaphthamnte 
of potassium, aodram, or ammonium, and gently heating. It crysUiUisos m white 
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silvery scales baving tha disgusting odonr of the base, and an acid reaction. Wlon aiy 
it may be kept without alteration, but t^e solution decomposes, with production of a 
red colour, "When distdled it melts, gives off sulpburous acid, and leaves a residue 
of {arbon, A small portion of the base distils over undecomposed (Zinin). It is 
only sUgbtly soluble in cold water or alcohol, but freely so m hot oleoliol. 

Intimately connected with uapbtbylamine are the substances which Pina discovered by 
acting on nitronapbthalcnc with sulphite of ammomum. (See TmojfiJH'i' HA iiao Aoin 
and IfAPHTHMifio Aom.) 

SuhshtHtim-dcrivatives of Naphthplamne. 

a.Srowde ofJEthyl-naphihijlammonium, 0"H‘^NBr=(0'“H’.C2H“,ff)NBr. 
— To prepare this compound, naphthylamine is treated with an excess of bromide of 
ethyl in a flask so eounoeted with a luehig’s condenser as to allow the volatilised 
bromide to return, the temperature being maintamod between 40° and 50° for some 
hours. The contents will at lost be converted into a reddish-brown mass from which 
the excess of bromide of ethyl may bo removed by distiUation. The mass is then to 
be repeatedly exhausted with boUmg water. The boiling solutions are to bo flltereil, and 
on cooling, the bromide of ethyl-naphthylamraomiim will crystallise out (Sehiff). — 
2. Naphthylamine indosod in a sealed tube with excess of bromide of ethyl and kept 
for fourteen days at ordmaiy temperatilros, becomes almost entirely converted into 
crystals of the bromide (Sehiff.) 

Froperties. — ^Palo rose-coloured ciystals which do not become colourless on reorystal- 
hsation, The salt does not become coloured so easUy as naphthylamine. Very 
shghtly soluble in cold water, but readily soluble in hot water, alcohol and ether. 
(Sehiff.) 

Heated with hydrate of potassium, the bromide gives naphthylamine and alcohol, in 
aooordanoo with the equation — 

N|c^|Br + KHO = -i- -1- KBr. (Sehiff.) 


jS. Iodide of Methyl-naphikyl-ammomum, — An attempt to prepare a methyl 
compound by treatment of naphtliylamina with iodide of methyl failed, the product 
being a gi'easy mass which would not crystallise 

7. SulpliDoyanate of Fhenyl-naphthylammonium. C”H"N"S = 
C'‘'H®(C®H‘)n|®' — direct union of naphthylamine with sulpho- 
cyanate of phenyl, or of phenylamine with sulphoeynnate of naphthyl (p, 19) It 
crystallises from its boiling solution in spangles very like diphenyl-siuphocarbamide; 
very soluble m alcohol and in ether. (Hofmann, Oompt. rend. xlvn. 426.) 

0. a W. 


a. MoNONAPHIHTt-OABBAillDE 01 

0'«Hn 

■ (CO)" iN’. (See Cabbamides, i. 764.) 


A l)orAi>HTBTi,-OABBAiDa)B. CarhmiapUliaKdo, C^H'WO = (CO)" [n». (Doi- 

n' j 

bos, Ann Ch.Phys. [3] xxi. 68.— Zinin, Ann Oh. Pharm. eviii. 228).— Obtained, 
1. By heating the neutral or acid oxalate of naphthylamine (Dolbos). Dmaphthyl- 
oxamide, is formed, and afterwards resolved by inerpased beat, into 

carbonio oxide and dmapbthyl-carbamide.— 2. By boiling dinanhthvl-sulphooarbamido 
with alcoholic potash (Delb os) ; 

0«H'»N'S + ffO = 0'>H>»N'0 -t H'S. 


8. By heating dinaphthyloxamide for a long time above its melting point, or sab- 
mittLug it to dry distillation (Zinin); 


It IS most advantageously prepared from acid oxalate of naphthylamine, which must 
be heated to complete fusion; the yellowish mass which distils over is then freed from 
naphthylamine by repeated boiling with alcohol. 
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Dinaphthyl-carbamide is a pure -viduto, light and slightly siBcy mass, insoluhle m 
water, very slightly soluble m hoihug alcohol.. It quickly turns red when exposed to 
the air, and distils with partial carbonisation at a temperature above 300^ When 
distilled with phosjihoric anhydnde, it yields cyanate of naphthyl, together with othqc 
products. 

(ci»H>)n 

WAFHXBYIi-DZAIVIZN'BS. (lAzODIKAPHTireL-niAMINE. N'" IN’ 

H ] 

(Perkin and Church, Chem. Soc, J. xvi 207) — A base produced by treating 
liydroohlorato of naphthylamme with nitrite and hydrate of potassium in the 
proportions indicated by the aquation • 


2(G>»H»hr.HCl) + EHO + END’ 


C^H'W + 2ECa + 3ffO. 


A dark-coloured precipitate is thereby formed which when rccrystallised onco or twice 
from hoihng alcohol, yields azodmaphtliyl-diamino in splendid needles, having a 
bright green metallic reflection. It molts at 130° to a Wood-rod liquid having a green 
motalUo lustre, and haul's a considerable degree of heat without decomposition. It is 
• insoluble in cold water; colours boiling water yellow, dissolves, but not very freely, iB 
alookol, ether, and bemme, even at boiling heat. Most rundo colonr 'the solutions deep 
violet , but tho original orange-red tint is restored by alkalis, qnd even by water. Od 
of vitriol coloura the dry crystals dnU green, changing to deep blue on addition of a 
trace of water Strong mine aoid dissolves the base, forming a brown solution 
which afterwards changes to browmsh-red, and water then throws down a brown 
precipitate. 

Azodinaphthyl-diamino forms tliveo hydrochloratea, viz (0“H'‘N’)'.HC1, crystallis- 
iiig in shining, golden-brown prisms , G“n*“N’ HCl, in dark puvphsh-rod crystals ; and 
Q2oj£ijjpi 2IIC1, in bulky crystals yellow-biowii by transmitted hglit, and having a 
green Insti'e when wet. The saljyhate, (0“II'“E’)H*SO^ forms greenish-brown ciystals 
having a golden metallic lustre 

Azodinaphthyl-diamino boiled for some time with iwtash is partly reconverted into 
n.iplithylnmine. By prolonged hoihug inth hi/drooldonc acid, it is slowly decomposed, 
yielding hydrochlorate of naphthylamme, and a substance solnbln in potash. When 
treated with hydiochlomo acid and gr.imilated tin, it is deenloriaed and yields one or 
more new bases not yet examined With citraconio aend it yields a solid substance 
probably consisting of azodin.iphthy l-citraconamic acid 

By using a double proportion of nitrite of potassium, Porkiu and Church (Oliem 
Soc J, lx 1) ongmally obtained a dark-coloiu'ed suhstimeo which they rogaidcd as 
niti’oso-iiaphthalene, hut subsequent experiments have shoivn that it was 


lo-iiaphthalene, C 
it a definite piodiiot, hut m 


lyl-diamiiie 


Bcncoyl-aiodinaphthyl-diamine, 0"H‘“N®0 = G''“II'^(G'H‘0)hf', is produced by 

.1 j! gf bcmoyl It forma brilliant rod 

-1 .. It IS liisolnblo : 


crystals, very stable and capable of melting withont dt 


Iting w _ __ 

dissolves sli^ghtly in ^boiling alcohol, inth ;^ellow colour, which is darkened but 


not changed to violet by a large excess of hydrochloric acid Dissolves in sulpbiirie 
acid with deep blue colour; is nearly insoluble in ethor, but may be crystallised from 
benzene or from chloride of benzoyl Dissolves, with orange colour, in alcoholic potash 
or soda, and is partially decomposed by continued boding with potash followed by ie 
action of hydi’oohlorio acid. 

The elilorides of acetyl and oumyl appear to form similar products with azodmaph- 
thyl-di.uuine. 


lO’AFHTB'S'l.-FORIVIAznzDE. 0"B;»N0 = N.H:(CH0)(G>"H:D. SeoPonia- 

ifflin (ii. 6M1). 

M'APHXH'jra-OXAMIDES. Sea Oxamidb 
WAE’HXH irZ.-PKOSPHAMZnK. Sea PnospnAMiDB 
WABHTHVIi-SUZtPHOCARBAnKIBES. See Sui.«l0CAimAllilDBS. 
MAPHTKYIi-TH.ZAlffiZWES. a. OAKi)onmAPHTHYi.-TiiiAMiire. MumaphthylA- 

C"" , 

lUKB. = (G'“H’)'“|N“ (Perkin, Chem. Soc. Qu J. ix 8.) — ^This compound. 


which may also he regarded as ey<i}m-i7«iop7dAyWiVm(«f,(0"'IP)'" I is formed as a 
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liydrooMorate, by the action of eWonde of e;^anogpn on naphlhylamlne (20‘"H''N + 
CfJCl .« HOI), the mode of formation being precisely analogous to that of 

melanilme, or carbo-diphenyl-triamme, from aniline. To prepare it, gaseous chloride 
of cyanogen le drawn by an aspirator through a number of glass tubes partly filled 
with nai^thylamine which is kept in frieion hy the application of a gentle heat , the 
resulting black resmona mass, consisting chiefly of hydrochlorate of menaphthylamine. 
IS boiled with a large quantity of water ; the base is precipitated from the solution by 
ammonia or potash ; and the precipitate is pm'ified hy washing with water, and one or 
two crystaUisatione from alcohol. 

Menaphtbylamino crystallisea in small white needles, having a bitter tasto, but no 
smell, nearly maolnble in water, soluble in alcolwl and in ether. It becomes coloured 
in the air, and blues reddened litmus. It melts at about 200°, and decomposes at 280°, 
giving off naphth;^lamin6 and leaving a brown mass It appears to form neutral com- 
pounds with oMorine, xoiine and hromne. 'WitTa.Juming sulphiirio aeii, it first forms a 
sulphate, but on heating the mixture, it liquefies and a new acid is produced which 
forms a soluble lead-salt — S'ltming nitno acid acts very slowly on meuaphthylamme, 
forming a series of substitution-products. Chromio acid acta hut slowly. Cyanogen 
i^ae passed through ether in wiuch memiphthylamiue is suspended, converts it mto 

, forming seltBmanyofwhich are amorphous or but 
' . nanngly soluble in water, and neutral to litmus- 

papuT. They are precipitated by acids and by saline solutions , potash and ammoiiift 
added to thoir solutions precipitate the base as a pure white powder. 

The hydroohlorate, Htll, is amorphous and very solulilo in alcohol and 

ether. The clilmoplatinate, 2(C“'H'’N“ H01).Pt0H, is deposited from alcoholic solu- 
tions in small yellow shining scales. The cUoro-aurate is a hliio precipitate. The 
hydriodate, hydrohromate, phosphate and nitrate are cr 3 ’stallnio, the last forming small 
white prisms, and diseolvo easily in alcohol and in ether The sulphate is amorphous, 
and moderately soluble in alcohol and in other. 

/3 DiQVAjto-MEsrAi'HTim.AanKn. = C='H'’ir',0y’ — Pioduced us nhova 

described by the action of gaseous cblorido of cyanogen on niennphthylamino suspended 
in other. It is pale yellow, crystallises with difficulty, is insolnlle in water, moderatiily 
soluble in alcohol and in ether, dissolves easily in dilute acids, and is roprocipitated by 
anutioniaif added immediately afterwards ; but the aolntion, if left to itself for only a few 
seconds, becomes turbid and deposits cyaaodinophthyl-oxamide, (Perkin, 

loo. oit ) 

irAPHTBirii-viiBA. Syii. with NAPHTHm-cABDAMiDi). 

If API.SS TrSJjlOWi A basic antimonate of load used in oil-painting, (See 
Astimonaths, j. 328.) 

ifAPOXiEOIfITB. Syn. with ortlioclase. (See PbispAii, ii. 619.) 

TfARCEIWE. (Pelletier, Ann. Oh. Phys.!. 262.— Couorb8„iW. 

lix. 161, — Anderson, Hdinb Phil Trans, xx. Pt. 3, p, 347.) — An alkaloid con- 
tained m opium. To prepare it, the aqueous extract of opium, from which morphino 
has been separated by Gregor/s process (in. 1061), is mixed with ammonia, which 
throws down narcotino, thehaine, and a resinous body. The liquid is filtered and 
mixed with acetate of lead , and the filtrate, after being freed from excess of lead by 
sulphuric acid, is neutralised with amnionia and evaporatsd till it becomes covered 
with a pellicle It then on eoohiig deposits a crystalline muss, the quantity of 
which increases by repose. This mass is washed on a linen filter with cold water, and 
then dissolyed in boiling water, which on cooling deposits crysl als of narceine 

Narceine thus obtained sometimes contains siuphate of calcium ; it may be pui’ifled 
by dissolving in alcohol, decolorising with animal charcoal, and reoryatallising from 

Narceine orystalhsoa in elongated silky needles. It is inodorous, has a bitter and 
BtypUo taste, dissolves sparingly in cold, more readily in boiling water, is very soluble in 
alcohol, but insoluble in ethest. The solutions of narceine slightly deflect the plane of 
polarisation of a Inminons ray to the left ,[«] = — 8'67°. 

Narceine melts at 92°, and eohdifles m a eryatalhne mass on cooling. It turns 
yellow at 110°, and decomposee at higher temperatures. It is violently attacked by 
ohhrine and hromine, yielding very complex products. , Iodine forms with narceine a 
dark blue compound which is decomposed by boding water. 

’Potash, soda and ammoma dissolve narceine, which, on concentrating the solutions, 
is deposited in the form of an ody liquul. 

Strong imneral acids act powerful^ on nareoino and decompose it ; the same acids 
when dilute combine with it and form salts. 

The sulphate forms tufts of needles much resembling the free base. It is sparingly 
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solulile in boiling watei; The witrate separates from a hot solution m radiating groups 
of crystals, sparingly soluble in cold water. 

The hydi'ocUoraU, HOI (at 100°) crystallises sometiines in ooneentrically 

grouped needles, sometimes in short irregular prisms. The layatals are very soluble In 
water and alcohol, and hare an acid reaction. The aUoroploMnaU, 2(0®H“"N0” flCl). 
PtCl* (at 100°), gradually separates on adding platime chloride to hydrochlorata of 
narceine, as a crystalline powder, or in small prismatic crystals (analysis, 41'0 per 
cent. 0, 4 6 H, and U 33—14-76 Pt; calc 41-2 0, 4-6 H and 14-7 Pt). 

nrARCETXxrE, An alkaloid produced by the action of sulphnrie acid and peroxide 
of lead on narcotine. It is dissolved by strong sulphunc acid with a fine red coloui-, and 
by nitric aoid with a fine yeUow colour. By the prolonged action of the oxidising 
mixture it appears to he converted iifto opianic add. (Marehand, Berz. Jahresher 
ixv 607 ) 

STAnciTIN-E. A euhstanee possessing emetic properties, contained in the white 
narcissus. (Jourclain, B4p. Pharm. [2] xxi 338.) 

H'AIzCDaEirin'E. "When a solution of narcotine in hydrochloric acid is boiled 
with platime chlonde, the product generally formed is ehloroplatinate of eotarnine. 
Sometimes however another plntiBUin-salt is formed, crystallising in Jong light yellow 
needles. This salt is supposed by Blyth (Ami. Oh Pharm 1 29) to bo Uie chloro- 
platmate of a distinct alkaloid, narcogenme. As however this salt is decomposed by 
ammonia into ehloroplatinate of narcotine which is precipitated, and chloroplatinato 
of eotarnine which rora.uus dissolved, it is probably merely a double salt composed of 
the ohloroplatinatos of nai-ootine and eotarnine. 

n-ARCOTEIN'E. Syu. with Naucetinb. 

liTARCOTZC ACID, An acid said to bo formed by boiling norcotino with 
potash. It appears to dilfer fi-om narcotine only by the elements of water (p 27). 

N-ASCOXmE. C«H-“HO’. (Derosne, Ann Ohim xlv. 267, Bobiquet, Ann. 
Ch. Phys. V 276, Dumas and Pelletier, ikd. xxiv. 188, Pel'lotier, ilnd. 1. 209; 
Liebig, Ann Ch Ph.irni. vi. 36. B. Brandes, tJid u. 274; Conerbo, Ann. Oh. 
Phys lix 169 ; Bcguanlt, liid Ixviii 137 , Wohler, Ann. Oh. Pharm. 1 1, Blyth, 
thd 1 29, Wertheim, ikd Ixx 71; Ixxm. 208, Anderson, zbid. Ixxxvi 179, 
Mnttheissen and i'oster, Phil Trans 1863, p 346, Chem Soo. I. xvi. 342. — (im. 
xvi. 136 , Gerh iv. 67 )— This allcnloid is coiitaiued in opium to the amount of 6 or 8 
per cent , and -was the flist base extracted from that substance It was discovered by 
Derosne in 1804, and went by the n.ime of 8el de Derosne, till its basic oharactor 
was demonstrated by Eobiqiiet in 1807. 

Freparation — 1 Prom the coloured iraorystallisable mother-liquors obtained in tho 
preparation of morphine by Gregory’s process (iii. 1051). These mother-liqiiors are 
diluted inth water, filtered if necessary, and treated with ammonia as long as a precipi- 
tate continues to form ; and the precipitate is collected on a cloth filter and pressed. 
It IS granular at first, but becomes resinous if loft under tho pre.ss too long It should 
therefore bo quickly removed, .suspended in water, and pressed again, tho tre,itmeut being 
repeated several times. The pieoipitite coiit.uns narcotine together witli a considerable 
quantity of resin and a little thobaine , tho mother-liquor eontuins narceine and may 
he used for preparing that base A portion of the precipitate is now to he boded with 
rectified spirit and the solution filtered hot , on cooling it deposits strongly coloured 
crystals of narcotine, which are collected on a cloth, pressed, and washed with a httlo 
alcohol. The mother-liquor of these crystals serves to dissolve another portion of tho 
precipitate, and in this manner the piocess is continued till the whole is mssolved. The 
impure crystals of narcotine are next rinsed with strong potash-ley. washed with water, 
and crystallised from boiling alcohol. The alcoholic hquor fi-om which the first highly 
coloured crystals of narcotine were deposited, contains much resin, a little narcotine and 
aU tho tliebaine of the opium, and may be used for the preparation of that alkaloid. 
(Anderson) 

2. Harcotine may be extraeied directly from opium by treating that substance with 
ether. The solution left to evaporate deposits narcotine in tho ciystalhsed state. 

Properties. — Narcotine crystallises in right rhombic prisms or in needles grouped in 
bundles, flattened, colourless, transparent and lustrous It melts at 170° and solidifies 
again at 130°, m the crystalline or amorphous state, according as tho cooling la alow or 
rapid. It is insoluble in cold a/afsr; boding water dissolves of it Alcohol and 
ether dissolve it, but not very fi-eely. According to Duflos, it dissolves in 100 pta. 
cold and 20 pts boiling alcohol of 8,6 per cent., in 126 pts cold and 48 pts boiling 
ether of specific gravity 0 736. The solutions are hitter and destitute of aUcalme reaction. 
Narcotine dissolves in 2 6 pts eldorofmm (Pottonkofer), in 60 pts. acetic ether 
(Henry), also in oils, both fixed and volatile. 
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The akoholie or ethereal solution of narcotino deflects the plane of polarisation of a 
luminous rav strongly to the left ;[«]»— 130° 6' nearly. Acids modify the rotatory 
power eonsiclerahiy, menng the deviation from left to right. (Bonohardat, Ann. 
Oh Phys. [3] K. 213 ) 

Nareothie is not dissolved hy canstio potoi or aitiiiwrua. Its solutions do not pro- 
duce a blue eoloTW -with /erne salts, a character which eervea to distinguish, it fcom 
mogilxme. (See also the reactions with Snlphurie and Nitric Acids, tiifi'n ) 

Nareotine acts as a nsiootic poison, thongh not so powerfully as morphine , 1’5 gnu. 
of it. is snffleient to kill a dog in a very short timo. 

Nareotine eonUins : 


that it accorded well with the most trustworthy results of previous investigations, and 
accounted satisfactorily for the most important transformations of ntircohno, especially 
its resolution under the influence of oxidising agents, intoopianio acid (0’”H'‘’0‘) and co- 
tarnine (then regarded ns 0'"H'“N0’). Accordingly Blyth’s formula was for a long time 
regarded as espresemg correctly the composition of nareotine. W ortheim, however, 
in 1851— founding his opinion chiefly on the composition of the volatile bases obtained 

with potash, some speeunens, according to his observations, 

ome ethylamiua, and others trityliimiue — maintained the oxis- 
■ • varieties of nareotine homologous with that examined by 

Bly th. and represented respectively hy the formulm C“H®NO’ and C^Hi'NO' j while 
Hinterherger (Ann. Ch. Phiirm. Ixxxii. 312) analysed a compound of mevourio 
chloride with what he considered a fourth variety still homologous with the preceding, 
and represented hy the forniuld Oi'H’i'NOh Mattluoasen and Bostcr, on the other 
hand, found that six samples of nareotine prepared from different kinds of opium, Tur- 
kish, Egyptian, andPorskn, yielded results agreeing very nearly with the formula ahovo 
given, the difference between the highest and lowest quantities of carbon in tlio analyses 
amounting to only 0 63 per cant Hence they conclude that there is no sufficient evi- 
dence for the existence of more than one kind of nareotine, and that it is more prohahle 
that One and the same nareotine (since when distilled with hydi’iodio aeid, it yields 
3 at iodide of methyl, p. 27) may yield, hy distillation with potash, sometimes methyl- 
amine, sometimes dimethyl amine, and sometimes ttimotliylnmiue, which last appears 
to have been mistaken hy Wertheim for its isomer, tritylainine. 

Ilecomposittons — 1. Nareotine becomes coloured when heated a few degrees ahovo 
its molttngpoint. _ At 220“it swellsup, gives off ammonia, and leaves hnmopio arid. 
Heated to 200° with water in a sealed tiihe, it dissolves, forming a reddish very bitter 
liquid. 

2 Strong sulplwic aeid dissolves it, forming a yellow liquid which turns brown 
when heated. According to A Husemann (Ann. Oh. Pharm exxviii. 305, Rip. 
Chun pure, 1863, p. 281), nareotine added to cold sulphuric acid, coloms it bluish- 
violet or yellow, which, if the liquid be gently heated, changes to orange-rod, then to 
violet-hlUB at the edge of the basin, and lastly to violot-rcd. This reaction is very 
distinct, if the sulphnnc acid contains 1 pt in 2,000 of narcotino ; and even if it con- 
tains only 1 pt. in 40,000, a slight carmine colour is still peroepUhle, passing into vio- 
let-red.— A solution of nareotine in cold sulphuric acid becomes roddish-yollow on 
addition of titiria aeid. With U^poc/d07ite of sodium the same colour is produced, but 
preceded by a carmine tint. If the solution has been heated, both reagents immediately 
piodnra a light yellow colmvr, becoming slightly reddish after a whde —A solution of 
narcotino in snlphnne aeid previonsly heated, .acquires on addition of fetrio chloride 
a dark red colour, changing to cherry-red, which lasts for 24 horns (compare Ileadions 
oj Morphine, m. 1052). Dilute sulphuno with the' aid of heat, transforms it into a 
green substance, sulphonareotide, eontaimngthe elements of neutral sulphate of 
narcotino mnus 2 at water. ^ 

3. Ghlonne gas attacks nareotine, especially at 100°, converting it into an amorphous 
substance ■^liich ias not been analysed. 

4. In bromine-vapour, nurcotine is coloured orange-yellew, in mdinc-uupom, brown- 
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yellow; in Tapoui atcMtmde of iodine, Termillioii-rod. to yellow (DonnA). The salts 
of nareotino are not coloured by aqueous lodio acid, 

5. Karcotine distilled with oouceuti;ated hydriodw add, gives off iodido of methyl, 
in the proportion of 3 at. CH“I to 1 at. naicotme. (Matthieason and Foster.) 

6. According to unpuhlished experiments by Mattliiessen and Foster, naieotine yields 

large quantities of chloride of methyl when heated to about 110° with strong aqueous 
hydfOoUonc and. The resulting solution contains an alkaloid which differs ffom nar- 
cotine lu being perceptibly soluble in hot water, from which it separates on cooling as 
a crystaUino precipitate, and by its ready solubility in solutions of the alkalis or alkaline 
carbonates. The composition of this product is not yat ascertained with certainty, but 
several analyses seem to point to the formula = CFB?“NO’ + 3HC1 — 

SCHOOL 

7 Narootine is not dissolved or decomposed by dilute agimm pota,sh, even at tho 
boiling heat, but when boiled for some time with strong potash-ley, it forms a bitter, 
soluble, oily substance wHoh appears to be tho potasaum-salt of a peouliar acid (nar~ 
ootic acid) An alcoholic solution of potash dissolves naieotme in such quantity as to 
form a semi-solid mass. Tho acid contained in this potassium-salt cannot, however, be 
.isolated , on passing carbonic acid gas into the alcoholic solution, a transparent jelly la 
giaduaUy formed, which, when washed with alcohol and suspended in water, leaves 
crystals of narcotiae Hence naicotio aoid appears to differ from unrcotine only by tho 
elements of water. ' 

8, Nai’cotme heated to 200°— 220° with hydrate of potassium or sodium, gives off a 
volatile base, which, according to the oircumstiuiocs of the experiment, is either methyl- 
amine, dimethylamine, or trimothylamine According to Hofmann (Ann. Oh Pharm. 
Ixxv. 367), the products vaiy according to the proportion of the narootine and hydi'ate 
of potassium, an oily alkali boiling at a much higher temperature usually floating on the 
surface of tho trimethylamine, 

9, Dilute mine aeid dissolves narootine at ordinary temperatures without decompo- 
sition ; but ou heating the solution to fl0°, it deposits crystallme flocks of teropiammone, 
the solution retaining maoouin, opmnio acid, henupimo acid, and cotarmne, the pro- 
portions of these products varying with the degree of dilution of the nitric acid. In 
this reaction, the opianio acid and cotaiiiine must he regarded as primary, the other 
aubstanoes as secondary piodncta 

+ 0 = C'"H'"0’ + C''=H'»110» 

Norootliie Opiaiilo add. Cotarnlne. 

The meoonin might also be supposed to be formed by the breaking up of the narco- 
tmo, thus • 

=. C'“H"'0‘ + C'»H'»NO« 

Itarcotine Uecomn. CoUrnIne. 

or at the expense of the opianio acid: 

20"’H“0'’ =. 

Opianio odd. Meconin. Hemlplnlc acid. 

The heraipinio aoid may also be formed by further oxidation of tbe opianic acid. 

Strouff mtrto add acts violently upon narcotine, giving off copious red fumes, and 
forming a thick red resinous matter. Gerhardt found that when narcotme is gently 
heated with strong nitric acid, no red vapours are evolved, hut an inflammable gas, 
probably nitrate of methyl. 

10, when a solution of naieotine in hydrochloric aoid is hoiled with platimc oMoride, 
the narootine is resolved into cotainino and opianic acid, tho platimc chloride being at 
the same time reduced to platinous chloride : 

C«h»»HO’ + 0 + 2PtOF = + 2PtCa + 2HC1 

Naicotlno. Cotornino. Oplauicadd. 

11, The same products are formed by the action of a mixture of peroadde of man- 
ganese and sulphuric add (Wohler). On one occasion Wohler obtained also 
apophylho acid (i. 360) , and by beating naieotine with peroxide of lead alone, or 
With peroxide of manganese and hydrochlorie acid, hemipinic acid (in. 141) was pro- 
duced A solution of sulphate of narcotme, hoiled with po-oavda of lead and sdphurio 
acid added di-op by drop, forms narcetine or nareoteine (E.Marchand see p. 26.) 

12, Harcotine does not roAxiea ferrieyanide of potassium m alkahne solution, and is 
thereby distinguished from moiphine, which reduces the red to tho yellow pruaamto 
(Kieffer, Ann. Ch. Phaim. ciii 277). When heated with absolute alcohol and iodide 
of ethyl, it is partially converted into bydriodatp, hut does not yield any substitution- 
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Sams op IfABooTiirE. jHarcotiiiB dissolres in acids, but the solutiuna Iiave liltla 
sfability, depositing the greater part of the nareotine on evaporation and often on 
addition of -water. Many of them are soluble in alcohol and in ether They are 
r bitter, and reddo;i litmus. Mixed with iartano aoid, and then supersaturated with an 
alkalme bu'arbonuU, they immediately yiold a white pulverulent precipitate Sidphu- 
a/anate of potassium produces in solutions ot nareotine, a deep redprecipitate, even if 
the quantity of nareotine present is extremely small , the precipitate is soluble in a 
slight excess of the sulphocyanate. (Oppormann, Oompt. rend, xii 811.) 

Ndi'eotme-salts give no precipitate with flwmlwiB alcohol (in, 1054) ; with phnspho- 
molybdio acid, they yield a hrownish-yellow floceulent precipitate , with phosphanti- 
numio cold, a white floeculent precipitate 

Acetate of Nareotine. Very unstable, the solution prepared in the cold, 
depositing nareotine when evaporated. This property may be made uvailahla for 
separating nareotine from morphine, the acetate of which is not decomposed by 
evaporation. Basic acetate of lead likewise precipitates nareotine from its solution in 

Ohlorhydrate or Hydrochloraie. — Veiy solnble in water. Crystallises in 
needles from its aleoholio solution on cooling, or from the aqueous solution evaporated' 
to a, syrup, and left for some time in o warm chamber. According to Liebig, 100 pts. 
nareotine absorb 9'62 pts. of dry hydrochloric acid. 

When a strong acid solution of hydroeldorata of nareotine is poured into water, a 
semi-fluid precipitate is produced which erudually solidifies, and is 'Boliible either in a 
a larger quantity of water or in hydrochloric acid. A similar precipitate is formed on 
gradually adding an alkali to a solution of hydrochlorate of nareotine, This precipi- 
t.ite contains hydrochloric acid, and is perliaps a basic hydrochlorato of niircotinc. 
(Hatbhiossen and Foster) 

Ohloromoranrote, 2(C’®H“NO''.HCl) Hg"Cl'‘ (?) White pi’oeipit.ito, -whicli wlitn 
dried over the water-bath, and then dissolved in a mixture of alcohol and lijdrucliloric 
acid, deposits small crystals, containing, according to Hinturberger (Ann. Ch 
Pliarm, Ixxxii. 311), 48 64 p c. 0, 3 90 II, and lS-02 Hg. The formula above given 
requiies 46 1 0, 4 7 H, and 17 Hg, numbers whieh do not agree very well with the 
analysis, Hiiiterberger assigns to tho salt the forniiila C?'II-'N()’ HOI, HgOl, supposing 
it to contain a imrootinc different irom ordinary nareotine (see p. 20). 

Ohloroplatinate, 2(C“'‘n-*NO’.nCl) PtCl*. — Oht.iincd by precipitating liyiln- 
ohlorate of nareotine with platmio chloride, taking earu not to add an excess of tlio 
latter. It separates in yellow flocks or ns a yellow crystaUiiio precipitate eoiitaiiiing 
15 80 per cent, platinum (Blyth), 16 98— lo'72 (Wo’rtheiin), 16 89 (Ilegnault), 
15 88 (How), the above formula requiring ir)-99 per conr. 

lodomer curate — lodomerenrate of piotasamm throws down from hydrnchlnrate of 
nareotine, a yoUowish-whito powder containing 2 ht mercury (Hg = 100) and 3 at. 
iodine to 1 an nareotine (Groves, Chem Soc Qu J xi 97.) 

fhosphaUof nareotineiea, turpentine-like mass containing crystals (Brando s). 

Sulphate. — ^A solution of nareotine in dilute sulphuric acid yields by evaporation 
a viscid substance which gradually hardens , it dissolves in water -without deooniposi- 

Sulphonar cotide, (?) is a product of the decomposition of sulpliato • 

of nareotine (p. 26) Wlien nareotine moistened with water is heated with dilute 
sulphuric acid, a solution is obtained whieh, when more strongly heated, assumes a 
dark-green colour and ultimately, tliickeus No gas is evolved. On diluting with water 
and boiling, nearly the whole aisaolves, and- the liquid on cooling deposits an amoi- 
piioiis powder of a deep green colour It appears to contain tho elements of neutral 
sulphate of nareotine imnns 2 at. water . 

0«h«H*SO‘" - 20“H“NO''.H*SO* - 2ffO 
It gave by analysis 69 1 per cent. 0, 6-3 H, and 3-6 S, tho formula requiring 69 8 0, 
6-0 H, and 3 6 S. 

' Sulphonarootide is not attacked hj ammonia. It dissolves in potash, forming a brown 
liquid from which acids roprecipitate it -with green colour. Boiled noth mine acid, it 
yields sulphurio acid and a yellow substance soluble in ammonia, (Laurent and 
Gerhardt, Ann. Ch. Phys. |3] xxiv. 112.) 

STAB TUR Air. Syn. with PiTCHBUiNMi. 

WATRID-M. Syn, with Sodium. 

ITATROCAICITR. Impure carbonate of calcium, occurring at SangershaubBii 
in pseudomorphs after Gay-Lussite. March3nd(J. pr. Chem xlvi. 96) found m these 
crystals 94-37 calcic carbonate, 118 alumina and ferric oxide, 2-02 calcic sulpluito, MO 
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clay, and I'S-t wat^r (= 99 9^. A variety contaming bajytic sulphate has been 
called neotype by Breithaupt. Sp. gr. = 2 82 — 2 88 

STATROliIXS. Soda-mcsotype. Feather eeohU. Varieties • Bergmanmte {Sprm~, 
stein), Lchuntite, Bremoite . — This mineral forms tnmetric prisma with pyramidal 
summits, exhibiting the combination ooB . P . 5 P , also with Poo . Batio of axes, 
a: A • c ~ 0 7165 1 1 0176. Angle ooP : ooP = 01°. Cleavage perfect parallel 

to ooP The crystals are usually dender, often adcular, ftequenfly interlacing, diver- 
gent, or stellate. It also occurs fibrous, radiating, and massive. Hardness = 6 to 6'6. 
Sp. gr. = 2 17 to 2’24, Transparent to translucent. Lustre vitreous Colourless, grey, 
yel.ow, sometimes red or pale green. , Streak white. Praeture conchoidal. Brittle. 

Analyses-, a. Prom Hohentwiel in the Hogau (Klaproth. Bdtrdge, v. 44). — 
h Auvergne crystallised (Puohs, Sehw. J. viu. 353). — c. T™1. massive, fibrous, 
reddish-white (Puohs, ihd ). — d Trezza, near Aci Gastello in Sicily: white, spherical 
conoentrically fibrous masses (S.v.'Waltershausen, Vvlhanische Gesteine,p 269). — 
f. Brevig iu South Norway the so-called Brevioite- eiystaUised, according to Gt Rose, 
in the form of natrohte (Seheerer, Pogg. Ann. bcv 278; Ixxiix 26; cvm 4,6). — 
,/. Bergmanmte, trom Brevig _ reddish- wJiite (Seheerer) — g. Radiohte, iiora. Brevig 
(Soheerer). — h. Lehimtite from Antrim in Ireland (Thomson, Mineralogy, 1 338). 


a t a. a e. /. «.• h. 

Sihoa . . . 48 00 48'17 48 63 43-68 4718 47 97 48 38 47 33 

Alumina . . 24 26 26 61 24-82 27 77 26 13 26 66 26 42 24 00 

Lime .... 0-17 . 173 063 068 044 1-62 

Soda . . . 16-50 1612 16 69 12 23 16-60 14-07 13-87 13 20 

Potash . . . . .... 3 61 ... . 1-64 . . 

■Water . . . 9-00 9-13 9 60 1127 9-47 9 77 9-42 13 60 

Perrie oxide . . 1 75 . 0 21 . . 0 63 0 73 0-24 . . 

Magnesia . . . . . 0-29 ^ . ... 

99-60 10010 98V6 100-68 99 42 99-88 100-31 99-65 
The analyses a—g may he represened by the formula Na*0 Al'O’.SSiO' 2ffO, which 
is that of a hydrated soda-lahradonte (ui. 450) ; if the water be regarded as basic, it 
may bo reduced to that of an orthosilieate (Ha».^*H‘)Si'0'* LehunUto (A), so far 
as the analysis can be depended upon, appears to be the same with 1 at. water addi- 

An iron-natrolito having the alumina partly replaced by ferrio oxide, and the soda 
by feiTOus and manganous oxides, occurs, together with brevicito, at Bi-ovig in 
Norway, u\ dull gi-oen, opaque, prismatic eiystals and semi-crystalline plates containing 
46-64 per cent smoa, 18-94 alumina, 7-48 feme oxide, 14 04 soda with a httla potash, 
2-40 ferrous oxide, 0 66 manganous oxide, and 9 37 water 
Natrolite occurs in cavities in amygdaloidal trap, basalt, and other allied rocks , also 
in seams in giiinita or gneiss. It is sometimes altered to prehmte, 

U-ATBON-. Native carbonate of sodium, Na'‘CO*.10H'“O (see Cabbonates, 1 794). 
Natron is also the Gorman name for soda. 

xrAXBOM-SFODUIvi&»rE. Syn with OmaoaLAsa. 

WAtTBIAira'lXH. Native selenide of silver (see Silvbe). 

TTECIAB. The sweet juice which collects m the nectaries or discs of various 
flowers. It appears to be elneily a solution of cane-sugar and uncrystallisable sugar 


NEEBIiE-OBSI. Native sulphide of bismuth, lead, and copper (see Acmdi-ite, 
37). 

WEEDBE-SFAB. A variety of Arragomte. 


N'EEDEE-SXOJS'E. See Scolecitb 


WBFBEIWE. Syn. with NEPHEi.nf(p. 30). 
WOMlAliIXS. Syn. ivith Brueite (i. 684) 


XTEOeXESE. See SoouoDITE 


NEOEIXE. A miueral occurring in mines at Arendal and Eisenach, in stellate 
groups of silky fibres, also massive, with green colour and siHiy or earthy lustre. 
Hardness = 1 to 2. Specific gravity = 2 77 (perfectly dried). The following 
analyses are by Seheerer (Pogg Ann. Ixxi. 288)- 


SiO" Al“0' MsO leO MnO (-iiO H-’O 
t Arendal 62 28 7-33 31 24 3-79 0 89 0 28 4 04 = 99 8.1 

2. „ 47 36 10-27 24 73 7-92 2-64 . 6 28 = °9 19 

3. Eisenach 61 25 9-32 29-92 0-80 . . 1 92 0 50 «. 90-, 1 
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Tha mineral may 1)8 regarded as a mixture of the isomorphous compounds 
5Il*0.6Si0'.2ff0 and 6R®O.4APO®.2H®0, the alumina and sdioa replacing one 
another in the proportion of SAl'O* to 3SiO“ (see ni. 433). 

Neolito is a recent formation produced hy the agency of infiltrating watera passing 
over rodca containing magnesia 

SrZiOFIiASSi. Native ferroso-ferric snlphate found at Fahlnn in Sweden ; syn. 
with Botr-yoqen (i. 661). 

WBOTOBtlTE. A black or hrown-hlock amorphous mineral, ocouring at Ois- 
bole in I'lnland, and apparently produced by the -weathering of other minerals. Con- 
tains, according to Igelstrdm, 36‘69 per cent silica, M 08 ferric oxide, 24-12 manganic 
oxide, 0 40 alumina, 2-90 magnesia, 0-66 hme, and 10 37 water (= 99-11). When 
heated before the blowpipe, it gives off water, hnt does not fuse. (Bammelsberg' a 
Mineralohemie, p. 864 ) 

WHOTirPS. A variety of natroetdoita containing baryta (p 28). 

ITBPBXlXiXN-. Sommite, Gavohmte, Bevdamte — Elsoliie, Fdiakin, Pierre 
ffrasse. A silicate occurring in prisms helon^g to the hexagonal system, and exluhit- - 
mg the combination wP oP . P (fig 240, li. 139), mostly however without P ; ocea- 
sionaUy alfeo -with the faces odP2, ooPJ, and others. For P, the length of the vortical 
axis IS 0-8376. AngleP- Pin the terminal edges -ilSO” 19', in the lateral edges = 88° 6'. 
Cleavage imperfect parallel to oP and ooP Also massive, compact, and thin columnar. 

Hardness = 6 5 to 6 Specific gravity 2 5 to 2-64. Lustre vitreous to gi-easy. 
Colourless, white, or yellowish; the massive varieties also dark gi-eon, greenisli or 
hluish-grey, brownish and hnek-red Transparent to opaque Fracture bubconchoidivl. 
Brittle. 

The name nephelin includes the colourless crystallised varieties ; elmolite, tlio coarse 
massive varieties, with a greasy Instre. 

Before the blow-pipe, nephehn melts -with dilRculfy to a vesicular glass ; olreolita 
easily, Both dissolve slowly in borax, and give with cobalt-solution a greyish-blue 
colour on the fused edge Both gelatinise easily in iicids. 

Analyses . — 1 OfNepholin a. From Vosunus (Ueheeror, Pogg linn xlvi. 291; 
xlix 369). — 6. From the dolerite of the Katzenbuekol in the Odcnwnld (Soheorer, 
loo oii ). — 0. From Loban in the Lausitz (H eidepriem, J. pr. Oheni 1. 600) 

2. OiElmolite — a FromFrednltsvdrninNorway (Soheeror, too ait.). — h Bvovig 
in Norway (Scheerer) — e. Minsk m the Ural (Schoerer). — d. Magnet Cove, Arkan- 
sas (Smith and Brush, Sill. Am. J. [2] ivi. 306)- 


Nephclm. Elaahte 



Green Brown, Brown. White. Fleah- 


Silica . . 44-04 48-70 43 60 46-23 46-68 44-46 4418 44-46 

Alumina. . 34-06 32 31 32-33 82 66 32 06 31-84 83 18 30-97 

Feme oxide , 0 44 107 1-42 0 66 141 1-11 0 69 2 09 

Soda. . . 16 91 16 83 14-13 16-71 16-97 16-71 16-86 16 61 

Potash . . 4 62 6-60 8-03 6-06 4-76 6-17 6-76 6-91 

Lims . . . 2 01 0 84 3 55 0-33 0-40 0-28 0-29 0 66 

Magnesia O'll . . • • • ■ 0 07 

Water . . 0-21 1-3 9 0-32 0-61 0-78 2-07 0-46 0-96 

101-19 100-74 100 39 100-76 100 91 100-64 loW 100-66 

Scheerer found also a trace of sulphuric aeid in nephehn ; Bromeis found a trace of 
chlorine. 

The preceding analyses lead to the formula 4M*0.3SiO* + 2(2Al-0’ 3SiO-) ■= 
Si°Al“M*0”, or, as most of the analyses give 1 atom potash to 3 atoms sod.-i, 
^i*Al“(jK.|Na)”0“, The quantity of lime is vainiihle and insignificant 

Nephehn occurs in crystals in the older lavas of Vesuvius, mth miia, idocraso, &c , 
also at Cape di Bove near Rome, and the other localitios above mentioned Elseolite 
is found imbedded in thezireon-syeniteof Bre-ng, Stavern, and Fredencksviun in Hor- 
■way ; also -with felspar, mica, zircon, pyrochlore, &c ,in the Ilmen mountains m Siberia ; 
also at Litchfield, m the State of Maine, -with canerinite, and in the Ozark mountains, 
Arkansas, -with brookito and schorlemita, 

Nephelin and eteolite easily undergo alteration, producing zeolites, such as 
Bergmaunite or Thomsonite , the largo amount of soda in these minerals fits them 
especially for this mode of tr.insformation. 
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Q%moUtcs^ n muieral ocourring in greenish-groy six-sided prisms having a greaay 
lustre, lias boon shown by Blum to be a pseudomorph after this species, differing ft'om 
it merely in containing 4 88 per cent, water, Blum, also considers h^enente (iii. 689) 
as a similar pseudomorph. Elseolite has been observed altered to mica. 

ITEFBRITEi. Jade in part, Bedstm. — A hard, compact, light green, bluish, or 
whitish stone, translucent, tough, brealang with a splintery ftaeture and glistening sur- 
face. Hardness = 6—7. tJpeoiflo gravity •= 2 9 — 3-1. It belongs to the horn- 
blende family, but varies in oonmosition, and is not a distinct mineral species. 

Analyses • a, b, 0 Trom the Bast a. Kastner (Gehlen’s J 11.459). — b. Schaf- 
haiitl, Ann. Gh. Pharm. xlvi. 338). — c. Rammelsberg (Bogg Ann. bai. 148). — 
ii. D amour, Ann Oh. Phys [3] xvi. 469) — c. Schoerer (Pogg. Anmlraiv. 379).— 
/ Prom Hew Zealand: Bimatm stone , green (Schocrer, Zoo. ctt.) ; 

a. h o, rf. <, / 

60 60 58 88 64-88 68 24 87-38 67-10 

10-00 1 68 . . . . 0 68 0-72 

6 06 2 53 2-16 1-14 1 35 3-39 

0 80 1-39 

31-00 22 39 26 01 27-14 26 88 23 29 

. . 12-61 16 06 11-94 12 20 13 48 

0 80 

2 76 0-27 0-68 . . 2-66 2-60 

0-05 

99 36 99-74 100 97 98-46 100-04 100-48 

If the first analysis be left out of consideration, neplu-ite appears to have nearly 
the composition of tremolite (sec iroimBi.BNi)D, iii 169) 

Nephrite occurs in connection with hdcose rock or slate and granular lime.stone In 
China, Now Zealand and North-west America, it is worked into images andornaraents 
The name is ftom rsippiis a kidney, the atone havuig bean formerly supposed to be a 
cure for diseases of the kiilnoy. 

IsrBaoi.1, oil or BSSBKToa or. Oil of Orange-Jlowers —A volatile oil 
obtained by di&tiUing orange-flowers with water It is nearly colourless when fresh, 
but soon turns red on exposure to light According to Soubeiran and Oapitaine 
(J Pharm. xvii. 610), it is composed of two distinct oils, ono of which has a very 
fragi-ant odour, and dissolves abundantly in the orange-flower water which passes over 
in the distillation, while the other is nearly insoluble m w.iter, and occurs only in the 
oily portion of the distiUato, The first-mentioned oil is reddened hy sulphuric aeid, 
and oommumaites this property to the entire essence According to Dobereiner, oil 
of neroli produces a peouliar acid by contact with platinum-black. Nitrie acid oolom-s 
the oil blown. 

Neroh-camphor. According to Boullay (J Phnrm. liv. 496) and Plisson (pbicl. 
XT. 162, XX 63), oil of neroli mixed with alcohol of 00 per cent deposits a solid aub- 
stanco melting at 50°, insolnbloin water, sparingly soluble in boiling absolute alcohol, 
veiy soluble in ether Boullay and Plisson found in it 83 76 per cent, eai-boii, 16 09 
hydrogen, and 1-16 oxygen , it is probably a hydrocarbon. — ^For further details re- 
speoting the ofl. and camphor, see Qmelin's Handbook, xiv. 386-388. 

ITBKVOUS TISSUE. (Vauqnelin, Ann dnmus. d’hist nat. 1811, p. 212 — 
Coiierbe, Ann Ch. Phys. In 164. — Pr6my, fiiiZ. [3] u. 463 — ^Lnssaigne, 
J. Chim. m4d [2] i. 344 — V Bihra, XJntersuchmgen uber rfas Gelam des Menschen 

und der Wirbdihtere W. Muller, Hie o/iens Bcatandth. des Gehvins. — Breed, Ann. 

Ch Pharm. Ixxxiii. p. 124.) 

The nervous system of the higher animals is composed, for the most part, of mervo- 
flbras and nerve-celJs or nerve-vesicles, the former being found in the m-i-vos, and m 
the “ white matter ” of the brain and spinal gord, the latter in the “ grey matter” of 
the same, in the gangha, and in some of the peripheral org.in3 of sense The peculiar 
“ electric organs ” of certain fishes must ho considered as part of the nervous system (see 
Eieotwcitt, n. 470) The nerve-fibre consists of — 1. A “sheath,” probably analogous 
in nature to elastic tissue — 2 A hollow cylinder or “ medullaiy substance,” a mixture 
of soma form of albumin with various fatty boihoa, having u homogeneous appearance 
during life, and undergoing a kind of coagulation after death. — 3 A central stem or 
“ axis-cylmder,” composed of some protom-compound or compounds with little or np 
fat, thought by many to bo fluid during life and to coagulate spontaneously at death 
Thera are also other “ gelatinous " fibres having a different structure The t^iciil 
nerve-vesiele consists of — 1. An envelope probably continuous and identical in iiature 
with the nervo-sheath. — 2 A nucleus (ivith nucleolus) — 3. “Contents,” probably 


SiUoa . 

Alumina 
Perrons oxide 
Manganous oxide . 
Magnesia 

Potash 

Water . . > 

Ghi-omic oxide 
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composed of some protein-sulostanee -with fatty and other grannies. Tho vesicles or 
cells vary, however, exceedingly in form, size, &e 
The reaction, of living nerve is during inachon, neutral (amphiekromatic) , durmg 
strong action, acid; the reaction of dead nerve is acid (Funke, Ai-ch, Anat. Phys 
1859, p. 836). Du Bois-Eeymond found the electric organs of MalapUrurm 
neutral immediately after death, hut hecoimng acid on the third day {ihiA. p, 817). 
Nerve-suhstanee, unlik e musdo-suhstance, becomes acid when boiled. 

The specific gravity of the “white matter” is 1 Oil, of the “ grey” 1 034 
Frdiny represents 100 pts. of cerebral auhstaneeaa consisting of SOwater, 6ftt, 
7 albumin, and 8 extractives andsalts. v. Bihra gives 7.6'6 percent water, andfrotu 
12 to 16 per cent fat. The “white matter ” contains less water than the “ grey,” the 
mean of the former bemg 73 per cont , of the latter 85 per cent. The “ white ” is 
richest in fat, possessmg 14'8 per cent, while the “grey” has only 4'7 per cent. 
(Lassaigne) Aceordmgtov.Bihra, the spmal cord contains less water andmore fat 
than the hrein, viz. 66 per cent of water and 26 per cent of fat, while the nerves agam 
have less water and luoro fat than the spinal cord, though the quantities seem to vary 
excessively, Schlossborger (Muller's Arch. 18.58, p. 309) gives the hram of foetus 
as containing from 87 9 to 02 6 per cont of water and from 1 6 to 3 7 per cont. of fat, 
results very closely agreeing with those of v. Bibra. 

In 100 pts of &esh brain, Breed found 0‘027 ash, in 100 pts. of which were ■ — 


Phosphate of Potassium . 

,, „ Sodium 

’, „ Calcium 

„ „ Magnesiim . 


55'2i 
23’93 
123 
162 
3 40 


Chlorido of Sodium . 
Sulphate of Potassium 
Phosphoric ncid (fi'ce) 
Silicic .icid 


No department of physiological ohemistiy has been so little studied, or studied with 
so htUe profit, ns that of the nervous tissue. Exact knon ledge concermiig tho 
protein-eomponnds in it is wholly w.inting The auhstance forming tiie nxis-eylinder 
seems to belong to the same senes as fibrin and syiituniii (myosin) ; it differs fi'om tho 
former by ils insolubility in a solution of nitre, from tho latter by its nisoluhility lu 
dilute acids. The protom constituent of tho modulUiy suhstimoo and of the oell-eoii- 
teiits seems to he some form of soluble albumin. It has been thought to bo casein 
Our acquaintance with the peculiar fatty bodies is also very niisalisfactory. Besides 
cholosterin, which occurs to the extent of 20 per cent, of total fat (v Bilira), oloin, 
stearin, end palmitin, there have been obtained viinoua bodies whoso nature is much 
disputed. (See Obiiiibbotb, CnvHAiora, Myeuh, STisAitoooNOTn, OnnisBiim, Obbedmc 
Aom, Oleophosphorio Aoid, GoYCErtoriiospHonio Acni, DromiiN ) 

W. Muller found in human brain a small quantity of ereiitiiio, 0 05 grm in 
4 pounds; m ox-brain he found no creatine, but a body resembling leucine, together 
with uric acid and xanthine or hypoxanthine. He also found m the same brain a 
very considerable qiiaiitaty of mosite, 20 grins in 60 pounds. Both v. Bibra and 
W.'M u II er found iaotie acid, the latter obtaining 12 gims fioiii 50 poimds Lorenz 
(Hoiilo -Meissner, 1869, p. 290) found no creutino, leucine, mosite, or lactic acid, 
he ohtiuued, however, both xaiithind and hypoxanthine llerz {ihid. 1800, p. 311) 
coiTOhorutes Muller. M. Schiiltze found urea and creatinine in tho eleotnc organs 
of tho torpiedo Formic and acetic acid are smdto ho obhmicd by di.stillatioii of the 
watery extract of brum Tho presence of the above ciyet.illiue bodies indie.ites a 
metamorphosis, very similar to that which probably takes place in muscles ; but we 
know nothing of the various steps. The large amount of phosphorus in nervous 
tissue (1 388— 1’79 per cent of dry braiu-substance according to Borsarolli) has 
prompted many to attribute much to that particular element. Mental effort is 
said to merease the phosphates of the urine , hut whether directly or indirectly is 
uncertain. 

Neukomm (Arch. Anat Phys. 1860, p. 1) found in human bruin in various 
diseases, loucino, creatine, and mosite, the latter at times in very notable quantities. 
Tji'osme was invariably absent Grohe (Med. Centr 1864, p. 870) found glycogen 
(without sugar) m the hram of a diabetic. M. F. 

KTEUBOXiXTEi. A fibrous mineral from Stamstead in Lower Canada, containing, 
nccordmg to Thomson, 73 00 per cent sihea, 17 36 alumina, 3'26 lime, 1-5 magnesia, 
and 4 S water. 


IffE'WS’AiaSKZTX:. Syn with InrDOSMiNB (in 324). 

IZEWKIStKITE. Manganic hydrate (lii. 810) from Neukirchcn in Alsaca, 
where it forms a coating on red hfematite. 
sriCSM'E. See C'HLonoxicEtc Actn (i 921). 
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moj£X12^. ‘^ymhu/ Ni, Aiomc Weight d8’8 

Tliia mrtil ia closely allied to iron and cobalt, and is sasociated -with tliem in 
meteorites ns wU as m most of its terrestrial ores. The principid ore of nickel is 
, the proto-arsonide. NarAs, a copper coloured mineral, to which the Q-erman miners, ■ 
haring in vain attempted to extract copper from, it, gare the name of kupfei-mckel, 
or false copper. This mineral was found by Cronstedt, in 1761, to contain a peculiar 
metel whicli he called nickel. 

Nickel also occurs as diavsemde (white nickel pyrites or cloanthite ') ; arsenate 
{mckd-bloom or annabef gits')', antimonide (in enthauptite) , arsenio-sulphide (pers- 
dorffite or nickd-glanee) , antimonio-sulphide (idlmamie ) , as oxide, sulphide (capil- 
lary pyrites or niUlcnte), sulphide of nickel and bismuth (grunawte), sulphide 
of nickel and iron j carbonate (merald-mckel), sidphato (pyromehn) and silicate 
(pimelite) ^ ... 

Preparation — ^Principally &om copper-nickel and fSrom speiss Speiss is a deposit 
formed in the pots in whieJi rousted arsenide of cobalt mixed with copper-mckel is 
fused with carbonate of potassium and pounded qnsitz, for the preparation of smalt in 
the blue-eolouc works, it collects below the blue glass in the form of a metallic 
alloy, the nickel not oxidising so easily in roasting as the cobalt. It contains, besides 
nickel, principally iron, cobalt, manganese, bismuth, antimony, arsenic, and sidpluir. 
Tile following are some annlysos of speias: a of unknown origin (Bertbier), b. 
fioni Bohemia (Authon, J. pr Ghem. rx. 12) ; e. from Heuuinger’s German-silver 
works; this sample has been previously purifted , its structure was coarsely Umiiiar 
(Francis, Pogg Ann 1 619 ) 

Ni Cn Fs. Cu. - Bl. Sb. A* S. Sana, 
a. t9'0 3'2 . . 16 . . trace 37-8 7 3 0 6 = lOO'O 

1. 36 2 1 3 I'l 1 6 21 6 . . 29 9 6 9 . . = 98-4 

0. 62 6 8 3 10 1 34-1 I'O . . = 101 

The coppor-nmkel or the speiss ia generally roasted in a state of powder (at a gentle 
beat at first, to prevent it from baking together), whereby the gi'eator part of the 
aisenio is removed, the nickel oxidated, and a saving of nitric acid thus effected in the 
subsequent treatment. Since, however, the rousting process leaves a portion of the 
arsenic combined with the nickel in the form of arsenic acid, the roasted ore must be 
several times intimately mixed witli charcoal dust and again roasted, ns long as 
vapours of arsenic continue to bo evolved Erdmann moistens the roasted speiss with 
water and places it in a cellar for some time, whereby it is rendered more easily 
soluble. 

The further separation of the arsenic and other metals m.ay be cfiTected by one of 
tlio following processes . 

1 Langier dissolves the roasted copper-nickel or the speiss in nitric acid, passes 
sulphuretted hydrogen through the dilute acid solution till all the arsenic, copper, 
bismuth, and antimony are precipitated, then filters, precipitates all the iron, cobalt, 
and nickel with enrboniite of sodium ; washes the precipitate thoroughly, and treats it 
first ivith oxalic aoi d and then with ammonns, as described with reference to the prep.ai'a- 
tionof cobalt (i. 1040), repeating the solution of the nickel-oxalate in aqueous ammonia, 
till tlio liquid which stands above the resulting precipitate no longer exhibits a rose- 
colour, and IS almost wholly free from'cobalt. 

2 Bertbier dissohes roasted speiss or roasted copper-nickel — together witih the 
quantity of iron found by previous experiments to be necessary for the separation of 
the arsmiie acid — in boiling nitromunatic acid containing excess of nitric acid, 
evaporates the solution to dryness; treats the residue with water, which loaves a largo 
quantity of feme arsenate undissolved ■ and adds carbonate of sodium to the filtrate, 
stirring all the while, till the precipitate begins to exhibit a green tint' the whole of 
the fcirie arsenate ia thereby thrown down, together ivith part of the cupric oxide. If 
tlie precipitate, which is white at first, does not ultimately turn brown, it is a sign that 
tlie quantity of ferric oxide present is not sufficient to carry down the arsonic acid 
■with it. consequently, more ferric eblorido must be added, and the ferric oxide 
again cautiously precipitated by carbonate of sodium The filtrate is next treated with 
sulpbydrio acid to precipitate the rest of the copper, the liquid filtered from the 
sulpliide of copper is completely precipitated at a boding heat by carbonate of 
sodium ; the precipitate, consisting of the caibonates of nickel and cobalt, thoroughly 
waslied find diffus^ in water ; chlorine gas passed through the liquid as long as it is 
absorbed , the solution exposed to the air to allow the excess of chlorine to evaporate, 
and then filtered. The filfrate contains ehlonde of nickel free from cobalt, it may be 
precipitated by an alkali 

3 Boasted spoiss is digested in hydrochloric acid, which leaves nothing undissolved 
but 3 or 4 per cent, of sulphur, and a few granules which have retained thCir metallio 

Von. IV. !) 
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state ; the liquid is diluted with water, and separated hy filtration from the 
precipitated oxychloride ot hismuth, the filtrate heated to the boding point, iiqueoua 
ferric chloiide added to it, and then milk of lime in small portions — the boding 
'being still continued — till a filtered sample exhibits no longer e pale green, but 
bluish-green colour, and gives with potash a precipitate, which, when heated on 
charcoal before the blowpipe, yields an infusible mass of spongy nickel As long as 
the rodiiead nickel continues ftsible, arsenic is present, and further addition of lime is 
necessary ; it is beat to add the hme m slight excess, in order to insure the complete 
separation of the arsenic. The liquid is then filtered, and the nickel precipitated by 
milk of luuo free from iron (Erdmann.) 

4. Um'oastcd speisa is fused with anlphur and carbonate of potassinm, as described 
for the preparation of cohalt (i. 1040, ^ ; and the resulting sulphide of nickel (winch 
appears free from arsonio after one such ftision and subsequent washing with water) 
is dissolved, in nitric acid or a mixture of nitrie and sulphm'ie acids, and subjected to 
further treatment for tho separation of bismuth, copper and cobalt, as described under 
OOBALT. (W ohler, Pogg. Ann. vi. 227.) 

5. Thomson (Ann Plul. xiv. 144) digests pounded spoiss in dilute sulphuric acid, 
frequently adding nitric acid as long as any action is thereby produced ; then decants, 
the green solution from the arsenious acid which separates ; and after cvapor.ition and 
■eoohng, adds to the solution either sulphate of potassium, or a quantity of carbonate 
equal to half the weight of the spoiss. The liquid, after concentration and repose, 
deposits crystals of mccolo-potassic sulphate, which may be further purified by a 
seooad crystallisatioD. 

6. Oloez (Jahresb 1867, p. 619) dissolves finely pulverised and perfectly roosted 
cojiper-mckel in strong hydrochloric acid, mixes the solution with excess of acid sul- 
phiie of sodium , and boils till the arsenic acid is completely reduced to aisouious acid, 
and the excess of sidphm-ous a{id is driven off, then passes sulphycbie acid gas tlirough 
the lukewarm liquid to prooipilato arsenic, copper, antimony, load and bismuth , filters 
tho saturated liquid after twelve hours’ standing , ovaporntos the flltrato , treats tho 
residue with water , precipitates iron and cobalt from the filtrate by carbonate of 
banum or oolcinm, after treating it with chlorine , and removes the dissolved baryta or 
lime with sulphuric acid. The filtered hquid thou yields with carbonate of sodium a 
precipitate of pure carboiiato of nickel, which may bo ignited and reduced. The solution 
of speisa in mtro-mimatio acid may bo treated in the same manner, after the nitric 
acid has been expelled by boihug witli excess of hydroeWorio acid 

7. The following method i.s adopted in a manufactory at Birmingham for separating 
nickel and cobalt from the Huugarnm speis.s, contaimiig G per cent, of nickel and 3 per 
cent of cobalt. The ora is fli'st fused with chalk and fluorspar, tile slag tlirown away, 
and the fused product is ground to powder, and roasted for 12 hours in a reverberatory 
fnmaoe, till no move fumes of arsenious acid are given off. The roasted product then 
dissolves almost completely in hydi’ochlorio acid. The solution is diluted with water, 
mixed w;th ohlorido of hme to convert the iron into sesqiuoxido, and with milk of 
lime to preoipilatb that oxide together with the arsenic The precipitate (which is of 
no frrther use) is then washed, and sulphuretted hydrogen passed through the clear 
liquid till a filtered sample gives a black precipitate on tho addition of ammonia. The 
precipitated sulphides (which are likewise of no further use) having been washed with 
water, the solution is next treated with chloride of lime to precipitate tho cobalt, and 
then with milk of limo to throw down the nickel. The cobalt-precipitato is converted 
either mto sesqnioxide by gentle ignition, or into protoxide by strong ignition, and 
sent into the market in one or other of these forms : it is said to bo very puro. The 
precipitated nickel is reduced by charcoal, and sold to the manufacturers of German 
silver. (Lonyot, J Pharm. [3] xv. 201.) 

8. At Klefva ia Sweden, a maguotie pyntes containing copper and nickol is worked 
for the extraction of the latter metal. The ore after being roasted in heaps is fused m 
a shaft-furnace, with addition of quartz. The greater part of tlie iron then passes into 
the slag, as silicate, in tho treatment of copper-ores (ii. 24), and a matt is obtained 
contammg about 6 per cent, nickel, together with copper, mon, and sometimes a little 
sulphur. Ihis matt is reduced to coarse powder and rousted in a ro\ erheratory furnace, 
then fused again m a shaft-furnace. After a eertiim number of alternate fusions imcl 
calcinations thus conducted, matta are obtained very rich in nickel, the final product 
being an alloy formed of 70—80 per cent, nickel, 18—22 copper, and 1 6 to 2 6 iron. 
This alloy IS broken up mto small pieces and sent mto tho maiket as “ erystullisod 
nickel" (Pelonze etErdmy, 3me. ed lii. 630.) 

Eor other modes of preparation see the work just cited; also Gmclm's SandhooTc, 
V. Soo-oGO 

In all processes for obtaining a pure salt of nickel, the most difficult point is the 
separation of the cobalt. The methods of separating these two metals have been 
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alreSuiy described under O 0 BA 1 .T (i. 1046), tie best and easieatof execution is perhaps 
that of A Stromeyer founded on the precipitation of cobalt by nitnto of potassium. 
Good results are also obtained by Liebig’s method -with cjranidaof potassium and mer-. 
curie oxide (see further p. S9), and by that of H. Eose with chlorine end carbonate of 
barium, as in the sixth mode of preparation above described, which yields a per- 
fectly pure salt of nickel. 

Eedaction —A pure solution of nickel haring been obtained by one of the processes 
above described, it is precipitated by a eanstic alkali or aUcsJine carbonate ; the bulky 
precipitate of hydrate or carbonate of nickel is carefuUy washed ; then spread out on 
filters to dry, and the desiccation is finished by heat. (The dried precipitate is then 
intioduced, cither alone or made up into a stiff paste with oil, into a crucible lined with 
charcoal, and exposed to the heat of apowerful air- or blast-furnace, whereby the metal is 
obtained m the form of a fused mass. On the large scale the reduction la aflfected by a 
cementation process. A number of cylinders of refractory clay are set vertically in a 
furnace so that the flame may play round them on all sides They are open at top and 
terminate below in truncated cones, the bases of which are below the fi-re-bars, 
and are provided with apertures for removmg the charge. The dried oxide of nickel, 
in lumps or amaU cubes measuring about 0‘02 mm in the side, is mixed with pulverised 
charcoal and thrown in at the top of the cylinder, and the fire is strongly urged The 
oxide of nickel is then decomposed by the heated carbonic oxido in the furnace, the 
reduced metnl retaining the form of the lumps or cubes of oxide introduced The 
reduced metal is discharged from time to time through the orifices in the bottoms of 
the cylinders, a fresh charge being at the same time introduced by the top, so that the 
process is to a certain extent continuous. To obtain the metal in ingots, the lumps 
formed as above ora fused at the strongest heat of a forge-fire. 

Metallic nickel may also be obtained by igniting the oxide in hydrogen gas, or by 
heating oxsltite of nickel or of nickel-ammomum under a layer of pounded glass not 
containing any heavy met<il These processes yield it in the pulverulent form. 

Nickel may be obtained in brilliant white lanunm by the electrolysis of an ammo- 
niacal solution of sulphate of nickel and ammonium. (A. 0. and E. Becquerel, 
Compt. rend. Iv. 18 ) 

The nickel of commerce is seldom pure. Lassaigne found the composition of three 
samples from different sources to be as follows . 

Ni. Co. Cu. Fo As. AtiO». rstidue. 

German . . 66 75 . . 27 60 12 56 . . . . 3 70 = 100 

„ . . 84 60 . . 3010 11-30 trace . . 400 = 100 

English . . 78-30 22 10 trace 1 00 . . 2-60 0-50 = 100 

L, Thompson (London Journal of Arts, Feb 1863, p. 65) found in vanoua samples 
of commercial nickel from 76 to 86 per cent, of the pure metah He obtained a piu-er 
product containing 88 per cent, nickel by roasting nickol-glanee (arsemo-siilphide of 
nickel) with half its weight of quicklime in a onpola-fumace urged by a blast. 

Fz-opcs-tics.— Pure nickel in, the compact state is silver-wlute, duetile, malleable, not 
much more fusible than iron, which, necordin^ to Deville, it even surpasses in tenacity 
Nickel containing small quantities of carbon is more fusible than the pure metA The 
spemfle gravity of nickel is 8 279, increasing to 8 666 by forging. Nickel is magnetic 
at ordinary temperatures, but loses this power at 260°, recovering it however on 
cooling. Nickel previously heated burus in oieygen gas like iron, and is converted into 
oxide. The pulverulent metal obtained by reduction in hydrogen at a low red heat, 
takes fire spontaneously in contact udth the air. Nickel dissolves m hydrocMona amd 
and in dilute sulphunc and with evolution of hydrogen, easily in •aitria and m mtro- 
munatio and, 

NICXEZ., AXiXiOVS OP. Nickel unites -with other metals, forming for the 
most part white malleable alloys (see the several metals). The most important is the 
alloy of nickel, copper .ind zinc, known as German silver (see Goppbb, Aiioxs or, 11 . 61) 
Meteoric iron is an alloy of iron and nickel (see Metbokitbs, ui. 377). An alloy of mAel 
and alumimum, APNi, is obtained m large tin-white laminse, of sp. gr. 3 647, by melt- 
ing 8 pts aluminium with' 3 pts. sublimed chlonde of nickel and 20 pts eWoridc of 
potassium and sodium, and treating the resulting regulus with dilute hydrochloric acid 
Michel, Ann. Ch. Pharm cxv. 102). The alloys of nickel with aisenic and antimony 
occur as natural minerals, 

WICKBIi, AKrtriiaoijriPZi OF. Anttmmial NwM, Srsahauptiu, NiW — 
This mineral was formerly found mtlie Andreasberg mountains, hut the vein has long 
been exhausted , it occurred in thin hexagonal plates, also massive and disseminated, 
with inetiillic lustre, light copper-red colour on the fresh fracture , sp. gr. 7-541 , 
hardnesB 6 6 . 
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WICKEI., AWTIlWOWIO-SWIiPHlDE OF. Soo Niokkl-blanoe (p. 43), 
IcriCKEIi, ARSEN'ATB OP. Annahenjite, McKel-hhom, Xiokd-^rem, 
'{l!fr)“AB*0" 8H"0. — This aompoimd oceiirs native in soft, apple-green, capillary, 
monoclinio crystalB, also massive and disseminated Htu'dness - 2 6 tu S'O. Sp. gr. 
= 3 078 — S’131. The following analybes are — a by Berthier (Ann Gh. Phys. 
[2] xiii. 62; b. by Stromeyei; (Schw. J. iixv. 220); c. by Kerstsn (Pogg. Ann. 
X. 261); 

A«206 NIO CoO H"0 

a. Allemont 36-8 36 2 2 6 26-6 = 101 

b. Ekckelsiorf 36 97 37 86 . . 2132 Pe--OM-13, SO’ 0'23 = 100 

c. Sohnecbag 38 30 86-20 1-63 23-91 PeO trace = 99-94 

The formula reqnires 38-41 As’O’, 37-52 NiO and 24 0 0. The nunoral ocenra on 

whits nickel, at Allemont in Danpliiny,aud is supposed to result from a docompoaitimi 
of this ore , it is found also at Kamsdorf near Soalfald, at Anniiborg, and in other mines 
of nickel ores. It has occasionally been observed associated with coppor-uickol, m 
the oohalt mine at Chatham, Connecticut (Dana, ii. 418). EospecLing tlie artificial 
arsenate of mekel, see i. 313. 

iriCKEX., ARSEWXBES OF. A very small quantity of arsenic is sufficient to 
lendei mekel fusible before the blowpipe under borax. (Berzelius ) 

a NBAs*. A brittle non-maguotic alloy having this composition, is obtained by 
heating 100 pts. of finely divided nickel m a close vessel with excess (200 pts ) of 
arsenic, or by heating nrsenato of nickel to whiteness in a charcoal-lined criioibie. 
L. Gmelin {Handbook, v. 388) desorihes, on the authority of Plattner, an arsenide 
of nickel called Plaoodin, having nearly the same composition, viz 07 05 pur oeiil, 
mckol, 39-71 arsenic, 0 92 cobalt, 0-86 copper, a trace of iron, and 0 02 sulphur 
6. Ni'As*. Speiss 13 sometimes found m crystals of the dimotnc system li.iving 
this composition. A specimen from a disused smalt-furnaoo was found by Wohler 
(Pogg- Ann. XIV. 302J to contain 62-70 pot cent, nickel, 44-06 arsenic, 1 66 sulphur, 
and 1-00 manganese, iron, and copper, the formula NBAs* requiring 64'13 nlckol and 
46-87 arsenic. This crystallised speiss, whicli is soiiietimos found in tho spoils run 
out from the crucibles, appears to be produced by long continued fusion of ooppir-niekel 
contained m cobalt ores. 

y NBAs’ This is tho composition of Copper-niokel, the principal ore of tho 
metal, whidi occnxe in hexagonal prisms, oP . eoP, isomorphnus with antimoiiiiil 
nickel, having the length of the principal axis = 0 81944, more frequently massive, 
with nearly impalpable structure; also roiiiform with columnar structure, also reticu- 
lated and arborescent. Hardness = 6 6. Sp gr, = 7‘33 — 7 671 Opaque, with motalho 
lustre and copper-red colour, with a grey to blackish tarnisli Streak pale browinsh- 
bkolc. Fracture uneven. Brittla Before tho blowpipe on charcoal, it (-inits iirsenieal 
fumes, and melts to a white globule, which d-arkens on exposure to the air. In nitric 
acid it becomes covered with a green coiiting and dissolves in nitro-mnriatm acid, 
Analym,-~a. Prom Eiechelsdorf (Stromeyar, Gott. gel, Anz. 1817, p. 204), — 
b. From Ki-kgeroein Norway . sp.gr. 7'662(Sohecr6r, Pogg. Ann Ixv 292).— c. From 
Ayer: sp. gr. 7 39 (Ebalmen, Ann, Mm. [4] xi. 66) — d. Westphalia (Schnabel, 
BamneUberg’s Minmdoheime, p. 20). — e. Allemont in Dauphmy (Berthier, Ann Oh. 
Phys, [2] xiii. 62 ). — f From Balen in tho Pyrenees (Earthier, ho. ait,). 


Ai. Sb. S. N). Fo. Pb Co, Cu. Gangue. 

a. 64-73 , . 0-40 44 21 0 34 0-32 = 100 

b. 64-36 , . 0-14 44-98 0 21 . . . . 0 16 . . = 99-84 

a. 52-n .. 0 48 45 37 1-44 .. = 100 

d. 64 08 0-06 218 43 60 0 46 . . 0 32 . . 0-20 = 100 76 

e. 48-80 8-00 2-00 39 94 . . . . 016 . , . . = 98-90 

/. 33 0 27-8 2 8 33-0 14 2-0 = 100 


Oopper-nickel is found accompanying cobalt, silver and copper, in the Saxon mines of 
Annaberg, Schneeherg, &c., also in Tliiirnigia, Hesse and Styria, and at tho oliier 
localities above-mentioned; oeeasioniilly alsoin Cornwall, and at Le.iclhills in Scot bind. 
At Chatham, Connecticut, it is found m gneiss, associated with arieiiide of enbalt 
5. NiAs’. This compound occurs in two forma -—1. As Cloanthiis or W/nte McM, 
in monometrio forms, viz cubes, octahedrons, trapezohedrons, 202, mid tlio eom- 
binatioua shown m figures 174, 176, 176, 202, 206. &o. (ii pp. 123, 121, 130), iso- 
morphous with smaltin, OoAa’ (i 1010) —2. As BammeMerffih, in trnnetric prisms 
having the angle ooP . caP = 123° — 124°. Also massive and in leneulated and 
imitative shapes. Hardness = 6 25 to 6 Specific gravity = 6 466— 7-2, Liistin 
metallic. Colour tip-white, inchnmg when massive to steel-gi-ey. Streak greyish 
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Mack. Opaque. Practure granular and uneyen Brittle ; Eammelsbergite, howerer, 
lb slightly ductile. Bobavos before the blowpipe like copper-nickel 

Analyses — a.FromSohiic6berg(Hofinann Pogg Ann.xxv 491, lOi). — S.Eiechela- 
dorf {Booth, i/nd utxu. 395) — a. JoachimbtUal m Bohemia speciflc gravity 6 8? 
(Marian, Sammelsherg’ s Mincraldtemze, p 21) — d. Kamsdorf near S.mlfeld' specific 
gravity 6 7.35 (Eammelsberg, ^b^d ). — e. The Annmerthalinthe Valai8(Bertbier, 
Ann. Min. [3] xi. 6(li)—/ Allemont (Eammelsberg, loc. cit.'j.—g. Chatham, Con- 
neotiout, Ckathamite, massive (Shepard, Sill Am. J. xlvii. 361) 


As, S. Nl. Co. Fe. Cu. Bl. 

а. 71'30 0T4 14 . . , . 0-66 2a9 =. 102-27 

б. 72-64 . . 20 74 3-37 3-26 . . . . = 100 

c 71-47 0 68 21-18 3 62 2 83 0 29 . . = 99-97 

70 34 . . 28 40 =. 98-74 

e. 65-02 2 90 26-76 8-93 1 40 . . . . - 100 

/. 71 11 229 1871 . . 6-82 . . . . ~ 98 93 

g. 70-00 . . 12-16 1-36 17-70 . . . . = 101-21 


■ Cloanthite occurs with silver and copper in the same localities as smaltin (ii 1040/ 
the Oonneotiout iniiierHl ( Chaihamiie) occurs in mica-slute, associated generally with ' 
mispickel and sometimes with copper niokel. Eammelsbergite is found at Sohneeberg 
and at Eiechelsdorf. 

Qoanthita and smaltin may he regarded as belonging to the same mineral species, 
indeed the nickel and cobalt are found replacing one another in all proportions without 
any alteration in the crystalline form of the mineral (see Dana, ii. 67). There are 
also minerals, still occurring in tho sameforms, in which the mimherof atomsof aj-senio 
IS to that of the positive metals (nickel, cobalt, iron) as 4 . 3 and as 3 . 2, the percen- 
tage of avseuio in the former being abont 76, and in the latter 78 or 79. These mono- 
motrie arsenides of nickel and cobalt may therefore he included in the general formula 
E‘"As”, where E stands for nickel, cobalt, and iron (regarded as monatomic metals) re- 
placing one another isomorphonsly. {Sammelsberg’s Mmeralohame, p 25.) 

NXCSSSX., AKSSnriOSirKPBIDE OF. See NTCEEl.-aT.ANCB (p. 43) 

KSCaESlti, BBOlVZIItE OF. Ni"Br’. — The anhydrous bromide obtained by 
p.isbing bromine-vapour over red-hot nickcl-fllings, forms shining yellow scales soUiblo 
in water, alcohol and ether , the aqueous solution yields by evaporation green crystals 
of the h) di-ated bromide Ni"Br= 3H^O. 

Bromide of nickel nni tes with ammonia, eitlier in the dry or in tho wet way, forming 
tho compoiiiul Ni"Br^ 6NB[*. It forma light blue crystals, soluble in a smaU quantity 
of water, but decomposed on diluting the solution. 

N-lCKESi, CAKBOSTATE OF. Occurs native as Enui ald-nwiel (see Caubu- 

Kricir.Eai, chs-obissb of, Ni"C 1*.— Obtained by heating nickal-fllings to 
low redness in a stieiim of chlorine, or by gently heating the hydrated chloride. 
It is volatile and sublimes at an incipient red beat, in golden-yellow scales like mosaic 
gold. It is decomposed by hydrogen at a red heat, yielding a shining coherent mass 
of metallic nickel 

Anhydrous chloride of nickel dissolves in water after prolonged boiling, yielding a 
solution of a fine green colour, which may be likewise formed by dissolving the oxido' 
or cHihonate of niokel in hydrochloric acid This solution, when ovapomtM, deposits 
tho hydrated chloride, Ni"CP 9H'0, in green crj'stals, which when exposed to the air, 
deliquesce or effloresce slightly, according to the quantity of moiature present. Ghloi-ido 
of nickel dissolves slightly also in alcohol 

Anhydi ous chloride of nickel abeorhs ammonia gas. forming the ammonut-cldoride, 
NiCl- eNH-', analogous to tlie ammonio-bromido above described (H. Eoso) The same 
compound us obtained in blue octaliedrons by dissolving chloride of nniel in warm 
caustic ammonia in a closed vessel (Erdmann.) 

Chloncte of Nickel and Ammanmm, HH-'t!l,Ni"Cl’‘.6H“0, is deposited on mixing 
1 pt of hydrochloric acid saturated with ammonia, and 2 pts. of the same acid saturated 
with carbonate of nickel, in dehquescant crystals isomorphons with the coriesponding 
magnesium-salt (Hautz.) 

SITXGHIBX., aETBOUIOST ASID ESWIKtAXIOIT OF. 1. Slowpipe Re- 
actions — ^All niclcel-salts heated with caibmiate of sodium on charcoal in the inner 
flame are easily reduced to a grey metallic powder, which is attracted by the magnet. 
With boras: they gii e, in the outer flame, a clear bead which is hyacinth-red while hot, 
and pale or dark yellow (according to the quantity of nickel present) on cooling ; the 
addition ol nitrate or any other salt of potassium gives a blue or ihu-k purple colour to 
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tie bead. In the inner flame the bead beoomeB grey and opaque, oTving to the reduc- 
tion of the metal. With mtcrocosmic salt they give in both flames a clear bead which 
is dark yellow while hot, and almost colourless on cooling. The OTesenoo of cobalt, 
hren in small quantity, masks these reactions to a great aiteut, hy the deep blue colour 
which It produces. 

2. Beaotions %n Solution — Nickel forms hut one class of salts, end those are 
onalogous in composition to the chloride above described; they are gieen in solution 
or when they contain water of ciystallisation ; yellow when anhydrous Their solutions 
redden litaiuB.-.^S«lpAydno ado, does not precipitate niokel-salts from acid solutions, 
and only very partially fl’pm a neutral solution of a salt of a mineral acid, such as the 
sulphate or chloride ; hut acetate of nickel, or any nickel-salt mixed with acetate of 
sodium, is completely precipitated hy sulphydrio acid on heating the solution, unless a 
large excess of acetic add is present The precipitated sulphide is black, difficultly 
soluble in dilute hydrochlorie or aeotio acid, easily in nitric or nitro-muriatio acid. 
Sulphide of ammomum, precipitates sulphide of nidtel, slightly soluble in the reagent, 
forming a dark-brown solution, whence the sulphide is precipitated by boiling. (Hence, 
a brown colour in the filtrate from the snlphide of ammonnim precipitate is a sign of 
the probable presence of nickel ) — Evdroapanio acid precipitates all the nickel ns 
greenish- white cyanide, from acetate of nickel, or from any nickel-salt mixed with suffl- 
oient acetate of sodium.-— Cyanide of potassium precipitates the cyanide from all 
nickel-salts , excess of the reagent dissolves the lyunide of nickel, forming a soluble 
double cyanide of mckd and potassium, which is decomposed by dilute sulpburio or 
hydroohlono add, hydrocyanic acid being evolved, and cyanide of nickel precipitated, 
which requires boiling -with excess of acid for its conversion into a soluble nickel- 
salt. Feirooyanide of potassium gives a gyeemsh-white precipitate ; ferrioyanide a 
yellowish -green precipitate, both uisohiblo in hydrochloric acid . — Phosphate or arse~ 
nate of sodium dves a greenish- white precipitate of phosphate or arsenate of nickel. 
Qsialio cuni gradually precipitates all the nickel as greemsh-tvliite oxalate, soluble in 
ammonia; when the solution is exposed to the air,' the oxalate of nickel slowly 
sepai'ates oMt.—Mhnlim carhonates precipitate an apple-green basic carbonate, soluble 
with greonish-hlue colour in excess of onrhoiiate of ammonium — Potash precipitates 
the apple-green hydrate, insoluble in excess, soluble in ammoniaeahsalts — jlnwionift 
does net precipitate nickel-salts when free acid or chloride of aiumouiuni is present , 
from neiitr.'il solutions it partially precipitates the hydi-ato, winch is soluble m excess, 
forming a blue solution, -whence the hydrate is precipitated on the addition of suffi- 
cientpotash If but little nickel be present, the ammoniaoal solution becomes distinctly 
blue only after long exposure to the air — AlkaHm hppochlontcs mixed -with oaustia 
alhah (a solution of bleaching powder or chloride of soda for example) form a blaek 
precipitate of hydrated peroxide of mckel. 

3 Quantitative Estimation . — Nidcel is heat precipitated from its solutions hy 
oaustu! potash, which tlirows down an apple-green precipitate of the hydrated protoxide, 
and if the liquid he hosted, lea-ves not a trace of nickel in the solution. The precipi- 
tate must he washed with hot water, dried, ignited, and weighed ; it then consists of 
pure protoxide of nickel, containing 78-57 per cent of the metkl. 

The oxide may also be reduced by heating it to redness in a stream of hydrogen, 
and tho reduced metal weighed after cooling in the stream of gas. 

In separating nickel from other metals, it is often neccssn^ to precipitate it hy sid- 
phide of ammonium,; this precipitation is attended -with dimoiilties, because tho sul- 
phide of nickel is somewhat soluble in tho alkaline sulphide. To make tho precipita- 
tion as complete as possible, Hose directs that the solution be dduted with a considerable 
quantity of -water, and then treated with sulphido of ammonium, as nearly colourless 
as It can he obtained, avoiding a large excess of the precipitant aud likewise an excess 
of ammonia , the glass is then to be covered up -with filtering paper, and left in a-warm 
place. Under these ciroumstances, tho excess of sulphide of ommoniiira is decomposed 
by the oxygen and carbome acid of the arr,_ -without risk of the sulphide of nickel being 
oxidised. As soon as the supernatant hqnid has lost its brown colour, the precipitate 
IS collected on a filter and washed as quickly as possible -with -water oontainmg a httle 
sulphide of ammomum. It must then ho dissolved m nitromuriatio acid, and the 
nickel precipitated hy potash as above 


4. Separation from other Metals — ^The methods of separating nickel from 
other metals are for the most part the same as those already described for sepamting 
cobalt from the same metak (i. 1046), excepting of course the precipitation with nitrite of 
potassium, and the other methods which serve for the separation of cobalt from nickel itself, 
^om copper and the other metals of the first group, it is separated hyswZB/iWtfricaciii, 
from the metals of the alkalis and alkaline earths and from magnesium, 
by precipitation with of ammonium, -with the pieoiiutions above indicated, and 

>n the case of m agnesia, -with addition of sal-ammoniac to retain that base in solution. 
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Nickel may sometimes be separated from tbe alkali-metals by evaporating tbe vliole 
to dryness and igniting the mixture in a current of hydrogen, whereby the nickel is 
reduced to the metallic state and may be separated from the alkaline salts by dissolving 
out the latter with water This mode of separation is especially applicable when the* , 
metals are in the state of chloride 

Prom magnesium, nickel maybe separated byoyiwide of potagstum The two 
metals are first precipitated by an alkaline carbonate, and cyanide of potassium is then 
added in quantity sufficient to redissolve the magnesium, a fresh quantity of alkaline 
carbonate is then added, and tho whole is evaporated to dryneas On troatmg the re- 
sidue with water, tho magnesia remains nndissolved, while the nickel dissolves as double 
eyamde, and may be precipitated by sulphide of ammonium as above. 

When the magnesium and nickel can be converted into neutral acetates, the separa- 
tion 13 easily effected by passing aulphydria cunclgas through the dilute solution Tho 
nickel is then completely precipitated as sulphide, while the magnesium remains 
dissolved. 

Lastly, the separation of nickel and magnesium maybe effected hy treating the solu- 
tion with a mixture of hypochloriU and hydi ate of potaaaium or sodium, whereby per- 
oxide of nickel is precipitated, muted or combined with hydrate of magnesium , and 
the precipitate after thorough washing, is digested with an excess of solution of uw- 
cuno ahloHde A double oblorido of magnesium and mercury is thereby formed, and 
the magnesia remains dissolved, on equivalent quantity of oxyoldoride of mercury 
being at the same time precipitated. The solution is evaporated to dryness, the residue 
calcined aud treated with prae nitric acid, the resulting solution evaporated to dryness, 
and the residue of nitrate of magneshnn calcined and weighed as magnesia The 
peroxide of nickel is also ignited to drive off tho merciu-y with which it is mixed, and 
finally reduced to tho metallic state by ignition in a current of hydrogen. (H. Bo so, 
Tiaiti do Ohvrm Analytigw, 1861, li 213.) 

From barium, strontium, and calcium, nickel may be separated by eyamde of 
potassium in tbe same manner as from magnesium. 

Brora aluminium nickel may be separated by the same processes as cobalt 
(i 1046), also by oyamde of potassiumm the manner just described for magnesium; or 
by carbonate of hanum, which precipitates the dumimiim and not the nickel. 

Btom iron (in tho ferric state) nickel may he separated by succinate of ammonium 
or by acetate of sodium, or by digesting the precipitated sulphides in dilute hydrocMone 
aoid as described for cobalt (i 1016) , from niangan oseby the last mentioned method ; 
also by pcntasulphide ofoalomm, or by cyanide of potassium, or by igniting the mixed 
chlorides in an atiyosphere of hydrogen, exactly ns described for colwlt, from zinc also 
by this last motliod, or by converting the two metals into acetates, adding a large excess 
of acid, and precipitating the zinc with sulphydHo acid as for cobalt From uranium, 
nickel 13 separated by precipitating the former metal in the state of uranic oxide with 
cai bonate of barium. 

Tho methods of separating nickel fromcobalthave been already described (i 1046) 
Liebig’s method may ’ ’ified as follows — Instead of treating tho 

solution of the mixed ! oxide, a solution of hi/pochlorite of sodium 

is added in excess to ^ quid, in quantity sufficient to destroy the 

free cyanide of potassium. Tbe nickel is thereby precipitated as peroxide in the form 
of an intensely black powder, which is easy to wash, and may then be converted by , 
Ignition into the protoxide, m which state it may bo weighed Traces of nickel which 
escape discovery by other methods may thus often be detected in cobalt. Care must 
bo taken to ascertain tho absence of manganese, as it would go down with the nickel, 
accompanied also by traces of non if the latter metal wore present. {Mdler's Elements 
of Ckmistty, 3rd ed. pt.ii. p 668.) 

Analysis of AicM-oies — Moat of these ores contain large quantities of arsenic, the 
separation of which by precipitation with sulphydric acid is along and tedious process 
A better method is to fuse the finely divided compound with six times its weight of a 
mixture of equal portions of nitre and carbonate of sodium, extract the alkahne arse- 
nate thus formed with water, and dissolve the remaining oxides in hydrochloric acid 
Or the compound may be fused with three times its weight of sulphur and carbonate 
of potassium, the alkahno sulpharseiiato extracted with water, and the residual 
sulphides dissolved in hydrochloric acid with gradual addition of nitric acid The acid 
soluhon, in either case, is then nearly neutrahsed with carbonate of sodium, acetate of 
sodium 13 added, and the whole is heated to boiling, whereby all tbe iron is precipitated. 
The filtrate is acidulated with hydiochloric acid and saturated with anlphydric acid (to 
remove copper, bismuth, &e) and filtered, the filtrate is heated to expel sulphydric 
acid , and the cobalt aud nickel are precipitated by carbonate of sodium, and seporated 
by one of the methods above referred to. Or the ore is dissolved in strong bydrochloiio 
acid, with gradual addition of nitric acid; tho solution is healed to boiling and nearly 
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neiitraliseiJ with earhonate of aotUntn, with addition of acotate of sodium, ami (iijilcBS 
tho precipitate has n raddish-hrown coloui) of feme chloride also , the liquid, after 
boiling for Bome time, in filtered from the basic ferric arseiiiite thue produeod , and the 
. filtrate, which is now free from ansenic and iron, is treated as before (Convngtim’s 
Manual oj Chemical Analysis, p. 148.) 

5. Atomio Weight of HioJcel . — ^Eothotf (Pogg Ann viii 184), by converting a 
wclghod quantity of uickel-oxiJe into chloride, and detormining the amount of chlorine 
contained therein by precipitation with nitrate of silver, fuiind the atomic weight of 
nickel to be 69. Erdmann and Mareliand (Ann. Ch. Pharm Ixsocii, 76), by the 
analysis of the protexido, found Ni = 69 64 — 59 78, Schneider (Ann Ch Ph.irm. 
civ. 220), from the analysis of oxalate of nickel, found, as a mean of four experiments, 
Ni--=29. Dumas (Ann. Ch, Pha?m. cxiii. 24), by the same method as Bothoff, found. 
Ni = 69, and lastly, W. J Bussell (Cliem Soe. J ivi. 68), by reducing pure prot- 
oxide of nickel in on atmosphere of hydrogen, finds, as a mean of several experiments, 
Ni-ea 74. 

wiCKBli, BIUCBBAXiI). Native hydrocarbonate of nickel, N'i"C0®.2Ni"lI*0h 
(See Caebonatbs, i. 789.1 

XTICHCBB, rBVOBIDE OP. Ni''F. — Obtained by dissolving oxide of nickel in 
liydrofluorie acid, and separates from the acid solution in irregidar green crystals. 
It unites with the fluorides of the alkali-metals, forming very soluble double fluorides 
which are deposited m granular crystals on evaporation Muonde af motel and aLu- 
numtm sepuiates by evaporation 6:om a mixed solution of tlie component fluorides, in 
green needles which dissolve in water slowly, but completely. 

Bilicajlnande of motel erystalbses in green hexagonal prisms. 

sriCKEZi, zoxtlBBS OP. Ni'T. — When pulverulent nickel is heated in iodine- 
vapom-, a miitme of iodide of nickel with metallic nickel and the oxide i^ formed, 
trom which the pure iodide may bo obtained by substitution, also by heating the 
liydrated iodide It forms iron-black metallic shining scales winch become moist on 
contact ivitli the air, form a red-brown solution with a small quantity of water, and 
II green solution with a larger quantity. This solution may also bo prepared by 
dissolving hydrate of nickel in hydriodio acid, or by treating finely divided nickel witii 
water and oxooaa of iodine. When evaporated, it deposits the hydrated lodulo, 
Ni''P 6lI-’0, in deliquescent crystals, which when heated in contact with the air, give 
off a little iodine, yield a sublimato of the anhydrous iodide, and leave a rosicliio of 
mokol-oxide. The aqueous solution dissolves a considerable quantity of iodine, which 
colours it brown-red. 

An oxyiodide of motel is formed by digesting the solution of the iodide with 
hydrate of nickel, or by evaporating the same eolation quickly to dryness iii contact 
with the air, and dieeolvmg out the undeeomposed iodide from tlie residue with 

Anhydrous iodide of nickel absorbs ammeom gas when heated in it, forming the 
yellQivisti-wlute compound Ni"P.4NH’. By dissolving ths iodide in hot aqueous 
ammonia, bine octahedrons are obtained consisting^ of S'i"P.6NH®, ap.iriiigly soluble 
in water and iii aqueoiui ammonia The ammoniaoal solution mixed with alcohol 
yields a green preeipitate containing ammonia, 

WICKBI., sritrRIBB OP. Formed, according to Schrotter, by heating pro- 
toxide of nickel to 206° in ammonia-gas. < 

XTICSCBX., OXXSBS OP. Nickel forms two oxides, a protoxide and a 
Bosquioxido , the former only is a salifiable base. 

Protoxide, Nf'O — ^This oxide is obtained in the anhydrous state by calciiung the 
nitrate, hydrate or carbonate of nickel, or by heating metnllio nickel with nitre. It 
may bo freed from traces of peroxide which it sometimes contains, by heating 
It to about 100° in hydrogon-gas (Erdmann), Bussell (Ohoni. Sue. J. xvi. 68) 
prepiues it by calcining oxalate of nickel, dissolving the residue in nitric aeul, 
evaporating, and exposing the residue to strong and continued ignition over n gas 
furnace It is a dense green or a-eyish-green, non-magnetic powder, which docs not 
absorb oxygen from the air, either at common or at higher tempeiutures. It is 
reduced to the metoUie state by hydrogen at a red heat, and by charcoal at a whito 
heat. 

Anhydrous oxide of nickel has been found crystallised on the surface of black copper 
(ii 30) reduced from mekeliferons copper ores, in microsoopio regular octahedrons, 
opaque with metallic lustre, non-magnetic, and having a specific gravity of 6 606, 
insoluble in nitric, hydrochloric, and even nitro-hydrochloric acid, and dissolving with 
difficulty m boiling sulphuvie acid (Qonth) Similar crystals of anhydrous mckel- 
oxido h.ivo been found by Berg em ann nr. Cheni, bexv 263), together with native 
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bismuth, in cavitioa of a minoml chiefly consisting of aisonateof nickel, said to ho from 
Johami-Goorgonstndt Del) ray (Compt. rend. In. 986) has obtained protoxide of 
nickel in the crystalline foim by strongly igniting a mixture of sulphuto of nickel and 
sulphate of potassium 

The hyUrated ^roto-cide or hydrate ofnhkd, or UiO.H^O, is obtained as an 

apple-green precipitate, by treating tlie solution of a mckel-salt with excess of caustic 
potash or soda^ and is deposited as a green crystalline powder from a solution 
of the carbonate in excess of ammonia on standing or evaporation (Pelouze and 
Frdmy) When heated it gives off its water, and leaves the anhydrous protoxide. 
It dissolves easily in amds, forming tho nickel salts , also in ammo ma, forming a violet- 
solution, from which it is precipitated hy the fixed alkalis or alkaline earths, the pre- 
cipitate consisting of a compound of oxide of nickel with tho precipitating oxide. 

A crystalline hydrate of nickel containing Ni'in'OtlPO has been found as an 
incrustation on ohrome-iron at Texas in Pennsylvania. It is transparent, has an 
emerald-groan colour, and a density of S'06. (Si lliman. Sill. Am J. [2] in 4:0.) 

Protoxide of nickel unites with other metallic oxides, playing the part of an acid 
with strong bases, such as potash (aid sup ) and that of a base with alumina, ferric 
oxide, &o When ammonia is added to a solution containing nickel together with 
metals whose oxides are insoluble in ammonia, the precipitated oxide almost always 
carries down with it a certain quantity of nickel-oxide, hence this method of separat- 
ing nickel from other metals does not give exact results in quantitative analysis The 
same indeed is true more or less vnth regard to the separation of all metals by the 
relative solubilities of their oxides in caustic alkalis, ey. of alumimum and iron by 
potash ' 

Seaqmoxide or Peroxide of Nickel, Ki’O®. — This oxide is produced by 
calcining the nitrate at a moderate heat It is a black powder of specific gravity 
4 84 (H orapath) which is resolved by ignition into oxygen and the protoxide, and 
behaves with aoids like a peroxide, dissolving in them with evolution of oxygen, jand 
forming solutions of uickol-salts ' 

A hydrated aeaqimxide, NPO® 3H*0 or Ni’H'O", is obtained by treating tho hy- 
drated protoxide or the carbonate with clilorino-water or tho solutioa of an alkaline 
hypochlorite, or liy precipitating a nickel-salt with a mixture of caustic alkali and 
alkaline hypochlorite. It is dark brown while suspended in water, but forms a black 
shining mass when dry, When heated it readily gives off water and oxygon With 
acida it behaves like the anhydrous sosquioxide, but dissolves with greater facility. 
With aqueous oxalic acid, it forms oxalate of nickel, with evolution of carbonic 
anhydride It dissolves in ammonia, with evolution of nitrogen, the solution contain- 
ing protoxide of nickel 

Another hydrated peroxide of nickel of dingy light-green colour, but unknown 
composition, is obtained by treating the hydrated protoxide with peroxide of hydrogen. 
(Th4nard ) 

srxoKBXi, OX7CllXiOBX3DE OF. Formed by digesting the hydrated prot- 
oxide in aqueous chloride of nickel. It is sparingly soluble in water, and turns 
reddened litmus-paper blue. 

OXYaxsir-SAl.TS OF. Nickel forms but one class of salts, cor- 
responding in composition to the protoxide, dicblonde, &c., eq tho nitrate or 
Ni'N'O', tliQ sulphate Ni"S0'', the acetate C'‘H‘Ni''0^ &o. Most of them are 
soluble in water and are produced by dissolving either of the oxides or tho corre- 
sponding hydrates in acids, tho so.squioxido being first reduced to protoxide; in 
many cases also, with evolution of hydrogen, by acting on the metal with dilute acids, 
the pulverulent irtotal dissolving easily, the compact metal often very slowly. Those 
nickel-salts which are insoluble in water, and are obtained by precipitation, eq. 
the carbonate, borate, and phosphate, dissolve readily in nitric, hydrochloric, and sul- 
phuric acid, &o. 

Nickel-salts are for the most part emerald or apple-greon in the hydrated state, 
yellow when anhydrous, so thst characters traced on paper with a nickel solution taro 
yellow when heated Soluble nickel-salts redden litmus slightly, have an astringent 
metallic taste, and exert an emetic action. Those which contain volatile acids are de- 
composed by ignition, the inorganic salts generally leaving a residue of protoxide, the 
organic salts, metallic-mckel (For their behaviour with reagents, see p. 38.) 

XrXCKEXi, OXYZODXDE OF. Seep 40. 

WICKBI,, FHOSFHIISBS OF. The tritophoaphide, Ni=P», is obtained by 
heating'ohloride or sulphide of nickel in a currentof phosphorettod hydrogen gas. It 
IS black, insoluble in hyilrocliloric acid, but easily decomposed and dissolved by nitric 
acid. (H. Rose, Fogg. Ann. xxiv, 322.) 
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A-pliosphida containing only a small quantity of pLosphonis is obtained;—!. By 
passing phosphorus-vaponr over red-hot mclcel (Davy), or by_ throwing pieces of phos- 
phorus on it (Pelletier). — 2. By fusing nickel with glacial phosphoric acid and 
charcoal powder (Pelletier), or 6 to 8 pts. niclcol-filings or niokel-oxide, with 10 pts. 
hone-ash, 6 pts pounded quartz, and 1 pt. charcoal in a charcoal-lmcd crucible (Ber- 
thier) It is silvon-white, brittle, much more fuaiblo than nickel, not magnetic. 

KICKEXi, SBXiZiia'XSB OI*. Ni''S6 —Obtained by igniting metallic nickel in 
seloniitm-vapour, ns a silver-white, non-magnotic, brittle, crystalline mass (apparently 
monomotrie), having a duU metallic lustre, and specific gravity = SABS. It is not 
attacked hy hydroeliloric acid, slowly dissolved by nitric acid, completely hy niti-o- 
ranriatic acid 'When fused with borax, it yields a golden-yellow metallic mass with 
stnatod surface. (Q-. Little, Ann. Ch. Pharm cxii. 211.) 

NtCKEB, SZZrXCAXI] OP. See PlMm,iTB and SmcATBs, 

WICKEZi, SVIaPHATE OP. This salt occurs as a hydrate in capillary inter- 
lacing crjstnls at Wallace mine. Lake Huron, on a sulphide of nickel and iron, mostly 
as an efflorescenee. Kohcll’s occurring os an earthy pale yellow crust, with 

native bismuth and arsenical nickel, at the Prederich’s mine near Bay rent, appears to 
be the same species. (See SutPHAiES ) 

WICKEIi, SUZiPHlDB OP. Bickel forms with sulphur the three following 
compounds ; 

a. So-mtav.lpMdc, Ni’S. Produced hy igniting sulphate of nickel in a current of 
hydrogen. Pale yellow, metallic-shining, brittle, magnetic mass, which may be 
m’eltad in glass vessels. 

/3. Prcioswlphide, or Ni"S. TIus compound occurs native as Capillary Pyrites 
(Kaarlkxu), in rhombohedral crystals having the length of the principal axi* 
= 0'3295, the angle R ; R = 144° 8’, and perfectly cleavable parallel to the rhom- 
bohedral feces; more frequently in delicate capillary crystallisations Hardness 
= 3 — 8 5, specific gravity 5-25 — 6 66 (the mineral from dbachimsthal, 4'001 according 
to Keiiugott) It IS brittle, has a brass-yellow colour and metallia lustre, and is 
bright in flie sfeeuk. It usually occurs in capillary crystals in the cavities and among 
the crystals of other minerals, as at Joaohimsthal in Bohemia, at Johaungeorgenstadt, 
Pizibiam, Eiechelsdorf, Andreasberg ; in Cornwall, &c. ; also in Lanc.vster Ccmnly, 
Ponnsylvanm. 

ProtoBulphide of nickel is formed, with emission of light, when sulphur is fused in 
contact with finely divided nickel ; it is also produced by the action’ of sulphur, or a 
mixture of sulphur and potash on the qxidos of nickel at a red beat; and by igniting 
the protoxide in sulphydric acid gas, lastly, according to Berthiar, by reducing sul- 
phate of nickel with charcoal-powder ; in this case, however, a small quantity of the 
hemisulphide is formed at the same time Wlien prepared by either of those methods 
it resembles the native sulphide in_ colour and lustre. It is less fusible than the hemi- 
sulpbide; is decomposed by ignition in the air, but not in close vessels It is but 
slowly decomposed when heated in chlorine gas, and not at all by hydrogen at a red 
lieiit. It dissolves slowly in hot nitric or nitromuriutio aeid 

A hydrated protoeul^hida of nieJed is obtained hy the action of Bulphydi'io acid on 
neutral solutions of nickel-salts containing weak acids, the acetate for example, or hj 
precipitating any neutral nickel-solution with sulphide of ammonium or potassium. It 
has a dark brown colour, neai'ly black. It oxidises on exposure to the air, and is 
converted into soluble sulphate. Wlicn heated out of contact with air, it gives 
off water and melts to a mass of the anhydrous sulphide. When recently precipitated 
and still moist, it dissolves spann^y m snlphurous acid, also in ammonia and sul- 
phide Of ammonium, potaasiiim, &c., forming a brown solution which, on expostmu to the 
air, beooms colourless and deposits sulphida of nickel The precipitated sulphide is 
nearly insoluble in acetic or dilute hydroehloiie acid, although a very smaU quantity 
of free hydrochloric, sulphuric, or even aeetio acid, siiffloes to prevent its formation in 
solutions of mckel-salts by the action, of sulphydric acid. Kitric and mtromuriatio 
acids dissolve it more readily. 

Pxsxtlphide, HiS'. Obtained by heating a mixture of carbonate of nickel, 
carbonate of potassium, and sulphur to duU redness. The mass when washed leaves 
the disulphide m the form of a steel-grey powder, which is decomposad by chlorine, 
with formation of chloride of nickel and chloride of sulphur. 

Sfoarmont, by decomposing chloride of nickel with chloride of potassium at 160°, 
obtained a yellowish sulphide of nickel havwg the composition NffS* or NiS Ni’S*. 

IfflCKBB AWD IBOir, SVBFHZBB OP. (lNi.-^Fo)"S —Occurs near 
Lillehammor in sonthom Norway, in monometnc crystals with octahedral cleavage 
or in granular masses. Hardness = S'd— 4. Specific gravity = 4'6. It is not mag- 
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Betio, has a bronze-yellow colour, and light bronze-brown streak. Contains 22 28 
per cent, nickel, .40 86 iron and 36 86 snlphur. It occurs with copper pyrites in 
hornblende rooks, and is worked for the extraction of nickel. An impure Taiioty, 
shghtly mixed with magnetic iron ore, is found at Inverary in Argyleshire. 

HiCKBIi-BliOoni, See Niokbi,, Abshnath op (p. 86). 

lO'ICKIlIi-BO'lTRlVOIirXXSI. Bonrnonite or siibhantimonite of lead and copper 
(i. 651) from Wolfaberg, in which lead is partly replaced by nickel |ind cobalt, con- 
tains 19 87 per cent sulphur, 24 28 antimony, 3'22 arsenic, 36 62 lead, 9‘06 copper, 
6 47 nickel and cohalt, and 0-84 iron (= 98 26). (Eammelsberg, Pogg. Ann. 
Ixxviu 253.) 

N'ICKEB-QZiA.Il'CB, A mineral species analogons to cobalt-glance (i. 1067) in 
form and composition, and expressible chemicallj by the formula NiS'*.Ni(As , Sb)*, 
the arsenic and antimony being sometimes present together, sometimes singly, 
thus forming the three varieties, antinumial, aramical and antvmomo-arsen'uial niolrel- 

^ The crystals of this species belong to the monometric system, being for arsenical 
niekel-glauee, cubes, octahedrons, and the intermediate forms shown in figures 174, 176, 
176 (OiiTSTAii,OQEAPHv), and combinations of the pentagonal dodecahedron with the 
cube ^flg, 211) and octahedron. Por the varieties containing antimony the prevailing 
form IS the octahedron modified by faces of the cube. Cleavage cuhie in all vaneties. 
The mineral likewise occurs massive, with granular structure ; the purely arsenical 
vaiiety also lamellar. Hardness = 6 — 6‘6. Sp gr. = 6'6 — 6 9 (of the antimonial 
varieties, 6'2 — 6 6). Lustre metallic Colour silver-white to steel-grey. Streak 
greyish-blaclc. I'racture uneven. Brittle. 

Analyses : 1. Antimomal. — a From the Landskrone mine in Siegen, "Westphalia ; 
mean of two analyses^. Rose, Pogg. Ann. rv. 688). — 2 Antmomo-amnical — 
h, Alberlino mine near Htirzgerode in theHartz (Bam melsb erg, 767(7. Ixnu 611), — 
0. Sayn-Altcnkirohen (Ullraann, Samnelsberg’s Mine/ralohemic^ p, 63).— (7. Freiis- 
burg (Klaproth, Sattrage, vi 329).— 8. Arsemoal. e. Hiueisen near Lohenstein in 
Thuringia' sp gr 6'964 (Bammelsherg, he cii).—/. Jungfor muio near Museii' 
cryslalhsed (Schnabel, Bamm. Mineralch. p. 62) — g. PfingstwiesenearEms orys- 
tallised, with faces of the pentagonal dodecahedron (Bergoraann, J. pr Chem. 
Ixxv 244). — A Albertina mine near Harzgerode (Eammelsberg, 7oe. ci7.) — i. Mer- 
cuiy mine nearEms' massive (Schnabel, loo. oit.). 


Antt- AntImoniO'Qrsenical Arsenical 


Sulphur . 16 77 17'88 16'40 16'26 20'16 1&-U 19 04 18-83 17 82 

Antimony . 64'61 60'84 47'66 47'76 . . . . 0 61 0'86 

Arsenic . . . 2 66 9 94 11'76 48'02 46 02 46 02 44'01 38 92 

Nickel . 27'70 29'43 2610 26'26 3182 82'66 34 18 30-30 86-27 

Cohalt . 0-27 . . 2-23 

lion , . . 1-83 . : . . . . 2 38 1 02 6-00 4 97 

Copper . j ^ ^ ^ ^ _■ ^ ^ 2'76 

98 08 102-18 10 00 10-00 10 00 10 00 100-14 lO'OO 101-96 


There are also varieties of nickel-glance diOonng somewhat in composition from 
the abovei, so far at least as the anmyses can he trusted, viz. 1 Amoibite, occurring 
in small steel-grey octahedrons (hardness = 4) at Liohtenberg in the Eichtelgebirge 
(v. Kobell, .T. pr.Chem xxxin 403),— -2 ffeisifor^/ifrfromSehladmmgiuStyria, where 
it occurs both crystallised (Pless Ann. Ch Pharm. li. 250) and massive (Lowe, Pogg. 
Ann. Iv. 503) Nickel-glance from Prakendorf in Hnngaay (Lowe). 


Sulphur 

Ai'senio 

Nickel 

Cobalt 

Iron 

Silica 


13-87 
46 34 
37-34 

2 50 


99-06 


Gersdorfflte. - Nickel.glnnca 

from Prakendorf. 


ergstaUtsed massive 

1611 16-36 14 22 

39 88 39-04 42-52 

2790 19-59 38-42 

0-83 14 12 

14-97 11 13 2-09 

. . ^ 187 

99 69 100-23 99 12 


16-26 
46 10 
28 76 


100-00 


Eammelsberg suggests that sulphide of nickel, Ni"S, may be monometric, like many 
sulphides of the form M"S, and in that case, since the arsenide, NiAs'-'i is likewise 
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mouQinotrie, these mcM-glances may ho regarded as isomorphous mixtures having tha 
compoaitmn wNi"3wNiAb“ or Ni(S, As®). 

mCKEX>-X>IItrXir.ze:].XB. SiegmiU Liunssita (eohaltoso-cobivltic sulphide, i. 
1850) in 'which a considerable proportion of the cobalt w repliiced by nickel, a. Prom 
Siegea in Prussia, where it ooeura in octahedrons (Schnabel, Bamiiu.hhrg' 8 Mimral- 
cliem%e,Tg 110)— i From the same locality (Ebbing haus, cnt)^o. Finksburg 
Carroll County, Maryland’ pale steel-grey, with a yellowish tinge, distinct euhia 

cleavage j interglown with copper pyrites (&e nth. Sill Am. J, [2] xxxui, 416) 

d En Matts, Missouri . seldom crystalline, sometimes ho-wever exhibiting the forms O 
and 0. ooOoo; cleavage veiy indistinct, colour, between steel-grey and tin-white 
(&enth, he. dt)' 


8, Nl, Co. Fe. Cu. Pb. Ganguo. 

a. 41’98 33 64 22’09 2’29 = 100 

b. 42 30 42-64 11 0 4’69 = lOO GS 

c. 39’70 29’66 25-69 1-96 2-23 . . 0-46 = 90 69 

d. 41-64 30-63 21-34 3-37 . . 0 39 1’07 = 98'24 


NXCKBXi'FintZTBS, Capillar}/ Pyritea. Native snlphidb of nickel (p. 42). 

IflCXBIi-VXTaiOI.. Sulphate of nickel (see p. 42, also SutPHATBS). 

WICOTSAKTIWE. Tobacoo-oamphor. 0*>H'’N®0«.— A white crystalline substance 
obtained by rtistilhng tobacco-leaves with water. It is soluble in water, alcohol, and 
ether, melts when heated and then gradually evaporates. (Hermbstiidt, Schiv. 

1 xxxi. 442, Barral, Conipt. rend. lod. 1370.) . 

IflCOTIC ACID. C'H’O*. A crystaUisable dibasic acid found in tobacco-jnioo 

by Barral (Ooinpt. rend xxi. 1374). According to other oheinisls, lioirevcr, the only 
acids contained in tobacco-juice are malic and citric acids. 

moOTlNB. 0'*H'*N®. (Gm. xiv. 219, Oerh. iv. 181 )~Vauquelin m 1800 
ascertained that the acrid principle of tobacco was volatile, and callable of separation 
fi'om its compounds by_ means of aflxedallcah. Fossolt and Beimann in 1828 
succeeded in obtaining it in a state of comparative purity from the leaves of Niooiiana 
Tabaoum, MaorophylUt nistica and M. gltiiinosa. For a long time nicotine was 
supposed to have tlie formula C'^JfN = C®H"N, which was subsequently altered to 
= C*H’N, in accordance with the more aoom-ato analyses of Mol sens and 
Sohlcosing; but Barral, by a determination of its vapour-density, showed it to 
possess in the ft-ce state a condensation twice as great ns this, its formnla becoming 
therefore 4 Tolumoaofvaponr,orin accordance with modern ideas G'"H”N®=i 

2 volumes. It is considered however by some chemists tliat in forming certain com- 
pounds, nicotine breaks up, as it were, into two groups, having the composition 
O’H'N, each equal to H® The experiments of Kekul6 and i Planta, who treated 
nicotine -with the iodides of the alcohol-radicles, indicate immist.ikubly the fact that in 
nicotine the group tPH’ is equivalent to H®. The molecule of iiiootine is therefore 
derived fi'om two molecule of ammonia in which the hydrogen is replaced hy C”H’, 

|NH* 

This explains why, in treating nicotine with oxalic acid and with cblorido of benzoyl, no 
substances are obtained analogous to oxanilido or benzanilide (Gei-h i\, 185) On 
the other, hand, most chemists of the mesent day will prefer to ri-gm-d nicotino 
as a diamtae, There is indeed no sufficient evidence to show that any fcplilting 
up of nicotine takes place under the inftuenee of tha iodides of the aleoliol-radicles 
We shall therefore assume in this artido that the compounds assumed by Gorhardt to 
contain one atom of methyl, ethyl, &o., contain twice that number, and that the vapour- 
density correctly represents the molecule of nicotine which enters into all its known 
combinations. 

Preparation. — 1, Tobaeco-jniee is treated -with excess of solution of hydrate of potas- 
sium , the mixture is then slmken up with benxene or ether in stoppered bottles , tlie 
ether is decanted and distilled at a gentlo heat sufficient to vuliitiliae the ether- 
and tha heat is afterwards rawed to a sufficient temperature to drive over the mootiiio’ 
~2. A mixture of lime and powdered tobacco is placed ui a cylinder and a current of 
steam from a boiler is sent in, the other end of the eyhnder being connected -n-ith 
a condensing woim. The liqmd which comes over contains nicotine, ammonin, and 
sumo other ba,s6s not yet examined The liquid is neutralised with snbliui-ie acid 
aud the solution concentrated hy evaporation. AVheii sufficiently conewitwted it is 
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treated with ammonia to Kberate the nicotine, and ether is then added the ethereal so- 
lution on evaporation yields the nicotine almost pure. It may be ftirther jmnfled 
by rectification (Debiz e, Compt rend.l. 874) — 3. Tobacco in very small pieces is 
digested tvith dilute siilphurio acid for three days and then pressed The rosidue^is 
repeatedly treated in this manner until it has lost its acrid taste ; and the liqmd so 
obtained is evaporated to half and then distilled with lime. The distillate, which 
contains the nicotine, must be abalcen up with ether, and the latter, after deeautation, 
distilled The ether readily distils away, leaving the nicotine in an impure state. 
It 13 to be kept warm for a considerable time and then heated to 140°, at whiah. 
tcmperatm'e it wiU give off ammonia and other less volatile impurities. Dime is to ha 
added to the residue, and tho mixture distilled in an oil-bath at 190°, in a eimeiit 
of hydrogen The product of this operation redistilled in a current of hydrogen 
yields the nicotine pure and coloiirleBS (Barral). — 4. Tobacco is treated with water, 
and the solution concentrated , the extract is dissolved in alcohol, which after decan- 
tation IS likewise concentrated . imd this last extract is treated with hydrate of 
potassium, then agitated with ether, to dissolve tho mcotme and also some foreign 
substances, which are got rid of by precipitating the alkaloid in the state of oxalate. 
This precipitate is washed by agitating it with ether, then treated with potash, again 
dissolved in ether, and suhinitted to diabllation. The residue^ of the distillation 
is coloured but limpid, and contains, besides nicotine, water, ether, and ammonia , 
a temperature of 140°, maiiitauied for 12 hours, and assisted by a euiront lOf dry 
hydi'Ogcn, suffices to expel these three bodies, so that the nicotine passes over pure and 
colourless, when the temperature is subsequently raised to 180° — ^Two lbs of good 
tobacco, grown in the department of Lot, are capable of yielding by this process from 
fiO to 00 gi'arames of nicotine (Scblcssing) 

The amount of nicotine in leaf or manuf.ietm'pd tobacco may he accurately ascertained 
by a simple and easy process. Ten grammes of tobacco are exhausted with ammomacal 
ether in a continuous distillatory appiiratus, the ammoniacal gas is expeEed from the 
nicotine solution by boiling , the liquid is then decanted, and, after ovaporaf ion of the 
ether, neutralised by a .solution of snlpliurio acid of known strength. (Sohlcosiug, 
Compt. rend. Deo. 1846, Ohem Gaz. 1847, 43.) 

Extraction of nicotine ft om the contmts of the stomach, or from, the substaneo of 
animal tissiics m oases of ^oiaomng.—l. For this purpose it is only necessary to add 
exoe.ss of hydrate of potassium and repeatedly extract with ether or pure benzene On 
evaporation in a retort at a gentle heal, the nicotine wdl rem.ani in an impure state. 
It may then he oonvertod mto a sulphate, the .solution filtered, and the nicotine re- 
ohtained by a repetition of the first process by means of hydrate of potassium aud ether. 
— 2. Or the contents of the stomach may be repeatedly exhausted by a dilute acid, and 
the filtered and evaporated solution may he mode to give up its nicotine in the 
manner previously indicated. (See also Aikalohis, Dstectiok oe, in OnEmco-LEOAi. 
INTESTIGATTOHS, VoL i p. 126 ) 

The following table contains the percentage of nicotine in various kinds of tobacco 
according to the experiments of SemoBsing- — 


Names of the Niootlna m 100 parts 

tobacco of tlie dried tobacco 

Lot . . 7 98 

Lot-et-Garonne . . 7 34 

Nord . . . 0-68 

Dle-et-Vilaina . . 6-29 

Pas-de-Calais . . 4 94 


Names of the 'J 'J t 

Alsace , . S-21 

Virginia , . . 6 87 

Kentucky . . 6 09 

Maryland . . 2-29 

Havannah . . 2 00 


Vropertics — Colourless transparent oil, wliich does not freeze at —10°, it gives off 
excessively imitating vapours when heated, and hods at 250° (Barral). Its spocifie 
gravity at various temperatures is as follows • 

Temp. . . 4° 16° 30° 60° 1016° 

Sp gr. , .1 033 1 027 1018 10006 0 9124 

Kicotine has a burning taste even when very much diluted, and causes cliofcing. 'When 
it 18 placed on the tougue of a dog in a fat^ dose, the epithelium separates after death 
with taoility (Orfilal. It dilates the pupil when taken internally (Orfila) 6 milh- 
grammes sufficed to kill a middle-sized dog in 3 minutes "When ^th of agrain was dropped 
into the eye of a cat, contraction of the pupil took place followed by narcotic symptoms 
which passed off in an hour. Nicotine has a strong alkaline reaction , it strongly deflects 
the plane of polarisation to the left At 100° it dissolves 10 58 per cent of sulphur 
It 13 very soluble in water, al,cohol, ether, and/ai oils. Dissolvis in any quantity in 
tii'ipentino and hydrocarbons harina siiiuhir solieiit poweis. Vapour-density (niter 
allowing for a residue of 3 per cent, in the balloon) 6 607 ; calc. 6 616. 
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Deoomposiiicms — 1. Nicotine rectified ever so carefully in a current of hydrogen 
becomes rapidly yeHow and finally brown when exposed to light or air. — 2. It always 
loaves a resmoua residue when distilled — 3 Bums with a bright smo^ flame in n lamp 
with a wick — 4. Evolves inflammable vapours when heated to its boiling point, 
— 6 Boiliug sulplmno mid decomposes it entirely. — 6 Heated with tincture of iodine 
it yields tti-iodonicotine (W ertheim) — 7 When it is dropped into chlorine, violent, 
action takes place sometimes accompanied with emission of light ; and a red colour is 
developed, which however disappears on exposure to light for .some days. This decolor- 
ised fluid treated with water, yields a white substance which crystallises from alcohol. 
— 8, Hydroohlorate of nicotine treated with chlorine yields a crystallised siihstauoe 
Boluhle in water hnt insoluble in alcohol — 9 Nitric acid decomposes it, yielding a 
liquid from which alkahs disengage a volatile base, probably ethylamine (Anderson). 
— 10. When the alcoholic solution is treated with gaseous cyanogen, a brown non-hasic 
substance is formed (Hofmann, Stahlsehmidt). — 11. Cyanaie of ethyl forms with 
nicotine a compound crystallising in heautifnl laminse. (Wurtz.) 

iiemtiom of Nicotine — 1 Nicotine in aqueous solution gives with tincture of iodine 
a yellowish turbidity becoming crimson, this reaction occurring even when the nicotine 
solution contains only of base (Possolt and Eoimann) According to v Planta, 
the precipitate is of a kormes-hrown colour (Probably the tint changes as the quantity 
of iodine tmet we becomes laiger.) — 2. Aqueous solution of nicotine gives white precipi- 
tates with solution of rndaie of Uad,<miouna chloride, stannous and stannic ohlondes, 
salts of etno, and gallotannio acid ; with platinio chloride, a yellow precipitate ; with 
feme salte, an ochre-yellow precipitate not soluble in excess of base ; with trichloride 
of gold, a reddish-yellow precipitate With cMonde of cobalt, a blue precipitate 
is formed becoming green and slightly soluble in excess of huso, When pcrcMoridc 
of antimony^ is added drop by drop to a solution of phosphoric acid, a liquid is 
obtained which gives a shgut turbidity in an aqueous solution of nicotine containing 
Jjth (Schulne) With phosphato of magnesium, an aqueous solution of nicotine 
gives a gelatinous jirocipitato. Hydroehlono solution of nicotine gives with solution 
of platnno chloride a yellow crystalUuo iirecipitate if the solutioiiB are strong; 
but if weak, four-sided piisms are deposited after .i tune A similar solution 
of nicotine gives with picno acid, sulphur yellow floclca, with auric chloride, light 
yellow flocks, sparingly soluble in hydrochloric acid. — 3. Niino aotd partially decom- 
poses nicotine, with molntion of red fumes, the solution when iioiled booomiug of a 
loddish-hiown colour similar to the tint of a strong solution of phitmio chloride Pirn- 
pho-niulyhdic mud gives with mcotine and its salts a hriglit bulky yellow precipitate. 
(Sonnensohein). 

Salts of mcotine. Sulphate of Nicotine is nnoryatnllisahlo, very soluble in water 
and m alcohol 100 pts. of snlphurio acid neutrah.so 329 7 of nicotine, corresponding 
to the formula 20'“H'*N“H= SO* —The nitrate crystuUhes with diffloulty,— The hydro~ 
chtoi ate, O'^H'^N® 2HCI, is a dehquescent salt which may he obtained in long fibrous 
crystals by Seating nicotine with gaseous hydi'ochlorio acid, and keeping the product 
for a time in vacuo. The iJcohoho solution deflects the plane of polarisation to the 
right. — The phosphate is obtained by neutralising an aqueous solution of pliosphorio 
acid with nicotine, as a syrupy liquid which yields large laminar crystals resembhug 
cholosterm 

Oxalate of Nicotine forme crystals very soluble in water and boiling alcohol, insoluble 
in ether —The acetate is a syrupy liquid soluble in ether.— The tartrate forms granular 
crystals veiy soluble in water. 

Pouble salts of Nicotine. Platinum-salt,C''‘PP'N-i'B.C\PtOV. — Wlien absolu- 
tion of platinic chloride is added to a strong hydroohlorie solution of nicotine, a yellow 
cijetallme precipitate is obtained. If the aolutaons aro dilute, four-sided prisms will 
gradually form, or somotiraos large ruby-red crystals. The salt is very soluble in 
slight excess of nicotine , dissolves with diflleulty in cold, but more easily in boiling 
water, is insoluble ill alcohol and in ether. 

Compounds of Nicotine imth Protocldoriic of Platinum, a 0'"n"Nh4HGl.PtCB. 
When nicotine is gradually added to a hydrochloric solution of platinous chloride, the 
mixture being agitated, an orange-yellow precipitate is obtained having the above com- 

n tion (Eaewsky). It is insoluble in cold water, but soluble in boiling water, and 
eposited from the latter solution on standing in lie crystalline form. 

P. Wlien the mothor-liquor of tho above salt is evaporated, red prisms are obtained 
containing only 2 atoms of hydrochloric acid, C'“N’H“.Pt01’ 2HGl. (Eaewsky ) 
Gold-salt. Hydrochlorate of nicotine added to a solution of auric chloride throws 
down a pale yellow fiocculent precipitate, almost insoluble in hydrochloric acid. 
(v. Planta.) 
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Mercury-salt, of Nicotine. 1. With Mercv/no CMoride a. C^H'WITg'Cl* — 
Obtained by pieoipitating a solution of mercuiie chloride by a eolution of nicotine. — 
White crystalline precipitate, insoluble in water and in ether, almost insoluble in 
alcohol Molts below 100°. (Ortigosa.) 

,8 C’“H'^N-.3Hg"OP. — Obtained by adding a saturated solution of mercuric chloride 
to a dilute solution of nicotine in hydroehlorie acid, until a permanent precipitate 
begins to be formed The turbid hquid when left at rest for some days, yields the salt 
in colourless or yellowish crystals often an inch long, sparingly soluble in alcohol or 
cold water, dissolving readily and without decomposition in water acidulated with 
hydrooliloric acid, decomposed by boiling with water. (Bodekor.) 

7 HG1.4Hg''CP. Crystalline precipitate obtained by adding a cold 

neutral solution of hydco'chlorate of uicotme to a larp excess of aqueous solution of 
mercuric chloride. Dissolves in boiling water, yielding on ooobng radiating groups of 

Cyano-chloromcrcurate of Niootine. Obtained on adding to a dilute solution of 
neutral hydroohlorate of nicotine, about an equal volume of a saturated solution of 
mercuric ejamdo. It is deposited in tufts of silky needles. Dissolves easily in cold or 
boiling water, and in alcohol. The solutaon is not precipitated by hydrate of potas- 
sium oven on heating. Ti'eated with hydrochlono acid, it evolves hydrocyanic acid. 
Its formula has not been determined with certainty. 

2. With Mercuric Iodide a. Hg''P. — Colourless crystals obtained by tri- 

hu'ating nicotine with mercuiio iodide, and subsequently treating the mass with boiling 
water. The reaction is so energetic that sufficient heat is evolved to vaporise part of 
the nicotine. 

)3. Hs"D.2HI. To prepare this salt, nicotine is dissolved in dilute 

hydriodio acid, ana a solution of mercuric iodide in hydriodic acid is added until the 
precipitate ceases to be redissolved, and the solution becomes turbid The salt soon 
begins to crystallise The mother-liquor cannot be concentrated without decomposition. 
Yellow prisms sparingly soluble in cold water and m alcohol. Decomposed by boiling 
water, with separation of a reddish-yellow resmous matter. Insoluble m solution of 
hydrate of potassium. 

Hioutine with Hiirate of Silver, a C‘'>H''‘lTMIO'Ag — Colourless prisms obtained on 
mixing a cold diluto alcoholic solution of nicotine with an excess of an alcohoho 
solution of silver nitrate. 

S, 20"’H'*N®.N0“Ag. Prepared like the preceding, but employing an excess of 
nicotine. It is deposited in a dilute solution and by (spontaneous evaporation in flue 

Compound of Nicotine with Iodine, Ethereal solutions of lodme and 

niootino combine when mixed, evolving sufficient heat to make the ether boil. 
In a short time the mixture becomes flUed with cry.stals. In more dilute solutions 
the substance is deposited in the form of ruby-red needles (W ertheim). The com- 
pound melts at 100° without decomposition. It is decomposed m the cold by solution 
of hydrate of potassium, nicotine being liberated and iodide and lodato of potassium 
being formed. — ^A hydroohlorate, 1‘ 2HC1, is obtained in fine, clem’, ruby-red 

oiyatals, by cautiously saturating with bydrochlonc acid a very weak aleobolio solution 
of the iodine-compound, and placing the hqmd in vacuo. 

Methyl-, Ethyl-, and Amyl-derivatives of Nmtme. 

MuTHvi-lsriooTDra. Prepared by mixing nicotine with iodide of 

methyl. The reaction proceeds slowly in the cold, but is greatly assisted by heat. The 
ciystalline product of the reaction is to ha rccrystaUised from water The aqueous solu- 
tion mixed with recently precipitated oxide of silver yields iodide of silver and solution 
of methyl-nicotiue. The solution evaporated over sulphiiiio acid at 100° yields a 
viscid mass containing methyl-nicotine 

Methyl-mcotine is soluble in water, yielding a bitter alkaline solution which feels 
slippery between the fingers The solution saturates acids, forming salts of which 
the sulphate, hydrochlor.ite, nitrate and hydrocyanate erystalhse, but with difficulty 
(iStahlschmidt). The hydrofluate, acetate, oxalate and tartrate do not crystallise. 
The alkaline solution described above precipitates salts of iron and copper , it also dis- 
solves recently precipitated hydrate of aluminium. (Stahlsohmidt ) 

Sydnodaie of Mcthyl-mootinc, G'-H'W.'iHI. The atom of nicotine unquestion- 
ably containing 10 atoms of carbon (0 =» 12), we may assume that it reacts upon 
2 atoms of iodide of methyl, so that the resulting compound has the above formula. 
It IS prepared by the action of iodide of methyl on nicotine as above. (Stahl- 
Bchmidt.) 

‘ The platinum-salt of methyl-nicotine, C'’H'®ir®.2ItCl PtOl', is a crystalline 
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powder, sparingly soluble in cold water, insoluble in alcohol. — The gald-salt, 
C‘"H'"N'.2H01 2AuCl”, is a pale yellow preeipitatei almost insoluble in cold water and 
alcohol. 

" ETKYL-KiooriNE. The hydrate of this base is prepared by a similar process to the 
hydrate ot metbyl-nicotino, substituting iodide of ethyl for lochde of metliyl. Its pro- 
perhes are similar to those of metbyl-nicotme. 

Hydriodate of Ethyl-niootine, 0“H*=N’.2H:I, obtamedby the action of iodide of ethyl 
on nicotine in sealed tubes at 100“ forms fine colourless prisms, very soluble in water, 
spmingly in alcohol and ether (Von Plants and Kekuli) — Tho •platinmn-salt, 
C‘'‘H*''1SP.2H:G1 PtCP, is a yellow floceulent precipitate which gradually becomes 
orange coloured and erystaUine — ^The gold salt, 2HCI.2AuCP, is a snlplmi’- 

yollow precipitate produced by adding solution of tricblorido of gold to a solution 
of hydroeblorate of ethyl-nicotine ; it is solubla in boiling water and is deposited in 
beautiful needles on coohng. 

Amm-inooTiNE Known only in solution and in the state of platinum-salt. It is 
prepared in tho same manner aa the corresponding compounds of methyl mid ethyl, 
only as iodide of amyl acts sluggishly, tho tubes must bo heated for some days, 

Tlie plahmim-snlt, 2HCLPtCl* is a yellow precipitate not yet obtained 

in tho crystalline state. 0. G. W. 

irzOEIiIiIKr. A viscous substance obtained iiora htgella sativa. (Roms oh, 
Plmrm. Centr, 1842, p 314.) 

nzCRZC Aczn. This name was applied by Lowig and Woidmanii ton 
black humus-like substance found among tho products of the action of potassium or 
sodium on oxalic ether. They assigned to it the formula C'H‘0* (Haadw. d Cheni. 
V. S73.) 

n-ZG-Ztlzr, A mixture of rutile with titaniferous iron, occurring in brown-black 
grainiles in the gold-sand of Olilallan in Transylvania, also lu erj stale having tho 
form ofrntile at Bernaii in Bavaria {Eamniclshrg'a MiMmkhouie, p. 1008.) 

nZHZZiUaZ AZiUTTK. An impure oxido of «iiic_ which collects cm the sides of the 
furnaces m the smelting of zinc-ores and the preparation of brns.s. 

KrxsrAPa'TASZ!, sizuaphtbss, nriNAFHTXSB. Laurent’s names for 
moni-, di-, and tri-niUonaphthaleno. 

NZWAPHXHVZ.AKZWB. mnaphthglidine, 0'”II“N-’0 (0. S. 'Wood, Chem 
Gaz 1869, p. 218). — ^An organic base produced bypassing sulphydrio acid gas through 
a boiling alcoholic and feebly ammoniacal solution of diiiitronaphtbulone : 

C'»H«(N0*)» + 4ffS = + SH'O + Sh 

The passage of the gas is continued for about three hours, by which timo tho greater 
part of tho alcohol has distilled off. The residue is then supersaturated uith dilute 
sulpluine acid, heated to boilmg, and filtered. Tho filtrate on cooling deposits snlphato 
of umaphthylamine, from tho solution of which the ha,so may ho precipitated by'ain- 

Niniiphthylamine crystallises in beautiful carmine-red needles, slightly deeompo'ed 
at 100° The C"’H''N“0 HCl, forms aciculur crystals, the cMornplati- 
nate, 2(C’'’H''!N*0 HCl) Pt01‘, is precipitated in yellowish-brown, rather soluble crystals, 
on adding platmio cliloride to a solution of tho base in other-alcohol. Tho atilphate 
(C>“H“K’0)',H'*SO'', crystalhses in wliite scales, but is decomposed by rocrystalhsatiou 
from Its aqueone solution. 

irxoBXXB, or Colmdnte. Native niobate of iron and manganese (p. C4). , 

lU'ZOBZTI'M'. Syn. Cdlumbtum Symbol Nb. — Atomic weight, 94 

A metal discovert in 1801 by Hatchett, in a black mineral called oolurnhite from 
Noith America, and thence called Columbium Wollaston in 1800 examined it 
fiu'ther, and prononneed it to he identical with the tantalum discovered by Ekoherg, 
in vSwedish tantalite This idea of the identity of the two metals remained current 
tUl 184fi, when H. Rose (Pogg. Ann. Lxiii. 317 ; Ixix 116), by a more careful inve.sti- 
gation, was_ led to conclude that the American colnmbito and tho tantalite from 
Bodenmois in Bavaria contained two acids bearing a very close resemblance to tantalic 
acid, but nevertheless distinct from it, and from each other. To tho metals supposed 
to exist in taese acids, Rose assigned the names Nvdnum and rdophnn But from 
later investigations (Pogg. Ann xc. 46G), he inferred that these two acids contained 
the same metal associated with different quantities of oxygen ; he thoreforo discarded 
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tKe name pelopinm, and designated the metal fonnd in American columtiite and 
Bavarian tantalite as niobium. Thismetalis dearly the same as the onediseoTored 
by Hatchett more than sixty years ago, and ought perhaps, in justice to its discoverer, 
to retain the name coUmbinn -whieh he gave to it; but as the rediscovery of the metal, 
is certainly due to Hose, who moreover prepared and analysed a considerable number 
of its compounds, cbenuata are, for tbo most part, agreed to designate it by the name 
which be, assigned to it, namely Hwhum. (See the Memoirs already cited, also 
Pogg. Ann. CIV 310, 432 and fiSl , ov. 424; cm. 143 , cvn. 666, cvni, 273 and 466; 
CXI 193 and 426 ; cxii. 468 and 549 — Jahresber. 1868, p. 161 , 1869, p. 166 ; 1860, 
p 146 — lyaiti oomfUtda Ohimu amli/tigtte,-gax H. Bose; Pams, 1868,1861'; i. 306 ; 
II. 469 ) 

Niobium occurs, as already mentioned, in colnmbite, which is a niobate of iron and 
manganese, in moat cases partly replaced by tantalum ; certain Greenland columbites, 
however, contain niobium unmixad with tantalum, tautalites, on the other hand, 
generally contain niobium ne well as tantalum (See 1x111x1.011 ) Niobium likewise 
occurs associated with yttrium, uranium, iron, and small quantities of other metala, in 
Siberian samarskite, uranotantalite or y ttro-ilmenite, also m pyrochlore, euxenite, and 
a variety of pitchblende from Satersdalen in Norway. 

Now when pui'e Greenland eolumbite is fused with caustic alkali, or with acid 
sulphate of potassium, and the fused maas treated with water, dec., in the manner to 
be hereafter described, an oxide of niobium is obtained, which, when mixed with 
charcoal and ignited in a stooam of chlorine, yields two chlorine compounds, one white 
and the other yellow These were regarded by Bose as distinct chlorides of niobium, 
NbOP and NbOP, and when treated with water, were supposed to yield the corre- 
sponding oxides Nb'D® and NbO^ 

It was remarkable, however, that the lower oxide could not be converted into the 
higher by direct oxidation ; and for this reason, as well as on account of certain diffe- 
rences in the blowpipe reactions, Bose legarded these oxides, and their corresponding 
compounds, not as related to one another like different oxides, chlorides, &c. of one 
and the same metal (the feirous and feme compounds for example), but rather as 
distinct series of compounds containing the some metal in different allotropic modifi- 
cations. Honce ho designated the higher oxide, &c , as compounds of raobvum ; the 
lower as compounds of Itypomobiim. But on the other hand, the two chlorides were 
found to he oonvortihlo, one into the other, and by their intervention the higher oxide 
could be formed from the lower, moreover the lower oxide appeared to be formed 
(though not readily) from the higher, by the notion of hydrogen and other reducing 
agents. In these respects, therefore, the so-called hyponiobium compounds seemed 
to be related to the niobium oompotmds in the same manner as different oxides, &c., 
of the same metal. 

The clue to the explanation of all these anomalies has been furnished by the 
recent investigations of Marignao (Compt. rend lx 234, 1S66, Ann Oh. Phaim. 
cxxxv. 49 , oxxxvi. 295 , Archives des Sciences physiques et natureUes, xxui 167, 
249 , XXV 6 ; J&hresb 1865, p. 198), which have shown that there is hut one dilo- 
nde of niobium, viz the yellow chloride above mentioned, which is a pentachlonde, 
NbCl® , that the white chlorine-compound formed at the same time is an oxychlo- 
ride, NbOCl*, that both these compounds when treated with water, yield the pen- 
toxideNb’O*, which is identical in au its properties with Bose’s lower oxide (Nb’O’), 
and that his supposed higher oxide (NbO*), was merely a mixture of niohio and tan- 
talio oxides ; in fact Bose’s experiments were made with niobium compounds pre- 
pared from columbites oontoimng tantalum as well as niobium; and, according to 
hiB own descriptions, the so-called niobio acid and its salts (originally regarded 
as compoimds of a distinct metal — pelopium), invariably exhibited characters inter- 
mediate between the corresponding compoimds of hyponiobium and tantalum. 
Miiiignao's rosiilts have been confirmed by Blomstrand (J. pr, Ohem. xcvii, 67; 
Jahrasb. 1865, p 207). 

MetaUio nio/nwn is obtained, according to Bose, by heating flnorido of niobium, or 
fluoride of niobium and potassium or sodium, with sodium in a covered iron crucible, 
aud washing out tbs soluble salts with water It is a black powder, of specific 
gravity 6 27 — 0'67, which oxidises with incandescence when heated in the air, 
forming niobic oxide, Nb^O” When somewhat strongly heated m cUorine gas, it is 
converted, also with incandescence, into a mixture of niobio chloride and oxychloride 

Aceorduig to Helafontaine (jahresb. 1866, p. 206) the product obtained as above 
is not metallio niobinin, but a protoxide, NbO, which is not attacked by water, caustic 
alkalis, or strong acids, even at the boiling heat The presence of oxygen in it was 
not directly proved, but was infei-red Bom the formation of oxychloride, NbOCN, on 
heating it in chlorine gas, and from the quantity ot oxvgen reqiiir^ to convert it into the 
pontoxide For metallio niobium this quantity should he 29’86 per cent, of its weight ; 

Von. IV. E 
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for the protoxide 22'64 percont. Now Delafontaino found that the blade powder, -nheu 
roasted, gained from 17 to 19‘3 per cent, of its weight ; and the increase observed by 
Nose was from 20-6 to 22-2. According to Blomatrand, pure niobio chloride is 
, reduced by hydrogen, at a red heat, to iridescent steel-gi'ey metallic niobium. 

U'lO^Iuai, BBOiaiBEi OP. Niobic bromide and oxybromido are analogous 
in composition to the chloride and oxychloride, and are obtained by similar processes ; 
the former is pnrplo red, the latter yellowish , both are apt to retain small quantities 
of free bromine. 

KTIOBItTM, CBBOBIBi: OF. NbCl“. This compound is obtained, together with 
the oxychloride, by the action of chlorine at a rod heat on the corresponding oxide 
mixed with charcoal. Niohic oxide, sepaiated from colnmbito by processes to be here- 
after described, is mixed with starch or sugar, and the mixtiun completely charred by 
ignition in a covered crncihle. It is then introduced in small pieces into a glass 
tube, which is strongly heated by a charcoal fire or a gas finnaco, while a stream of 
dry carbonic anhydride is passed through it. As soon as all the moisture is expelled, 
the tube IS left to cool, the stream of carbonic anhydride being still kept up; the 
carbonic anhydride apparatus is then replaced by a chlormo apparatus ; and the tube 
is again heated after the carbomo anhydride and atmosphorio nir have boon com- 
pletely expelled by the chlorine. Two chlorine compounds are thus obtained — viz. 
nwbv! o!^o}donde, white, rolatilo, but not fusible, and niohw chloride, yellow, volatile, 
and easily fnsiblo. 

Niohv: oMoride is yellow. It is converted by water into niobio oxido, Nb'^O*, and 
hydrochloric acid; by aqueous ammonia into niobio oxido and ohlorido of ammonium , 
yielding, according to Marignao, 6S‘28 pts. of chlorine to 49 39 niohio oxido, the 
oalcnlatod quantities being 66-38 chlorine to 49 35 niobie oxide. Its vapom'-density, 
according to Devillo and Troos.t (Oompt. rend, lx 1221 , Ann, Oh. Pharm. o.x.xxvi. 
249), IS 9'6 , calculation from tho formula NhCF gives ‘^2 ^ ^ ® ~ 

Niobio chloride, treated with strong xulphunc acid, gives off hydrocHorio acid, ond 
forms a solution which becomes tin-bid on hoihng, and solidifies to a jolly on cooling. 
It dissolves in hydrochloric acid, and with aid of boat in aqueous yioifns/i. With alcohol 
it forms a clear solution, which, when fined by distillation, from alcohol, hydrochloric 
acid, and chloride of ethyl, leaves a thick syrupy liquid, consisting of niobate of 
ethyl. Zinc immersed in tho hydrochloric solution of niobio chloride, diluted with 
■water, produces a fine blue coloration ; a still finer colour is obtained by pouring 
snlphuric acid on niobic oxychloride, then adding water and motallio zinc 

itiabio oxyoUoride, NbOCF, is uliite, and contains, according to tho analysis of 
Devillo and Troost, 43'2 per cent, niobium, 48 9 chlorine, and 7 3 oxygon, the 
formula requiring 43-3 niobium, 49’4 chlorine, and 7'3 oxygon. Tho vapour-density, 
determined by the experiments of Deville and Troost, is 7'9 ; calculation from the 
formifiaNbOOF requires x 0'069S = 7 5. This compound 

is instantly converted by water into niohio oxide ; 

2NbOCl’ + 3ffO =. 6H01 -I- Nb'0». 

Heated in vapour of disulphide of carbon, it is converted, according to Delaf on taiae 
into niobio oxysulphulo, Nb’O^S’, 

TfXOBXUIX, BBTBCTIOW AWB BSTIIWATIOM OF. 1 ncnctions.— 
The compounds of niobium cannot easily bo mistaken for those of any other metal, 
except tantalum. Indeed these two metals may bo said to form a gronp apart, dis- 
tinguished by marked characters from all others, especially by tho perfect insolubility 
of their oxides in acids after ignition, and by tlioir blowpipe reactions , furtlinr by 
the fact that when fused with excess of acid sulphate of potassinin, they die.solve, forming 
a fused mass from which the oxide of niobium or of tantalum may bo complotoly 
separated in the insoluble state by dissolving out the soluble salts with water ; from 
Biliea, which resembles those oxides in its insolubility in acids after ignition, they are 
easily distinguished by their blowpipe reactions. 

Niobio oxide heated before the blowpipe, especially in the inner flame, assumes a 
greamsli-yellow col mr whde hot, but becomes colourless on cooling. With borax it 
forms in the outer flame a colourless head, which, if the oxido is in bufflemnt quantity, 
becomes opaque by interrupted blowing or flaming In the inner flame tho bead 
assumes a greyish-blue colour, provided it contains a sufficient quantity of the oxido 
to produce opacity on cooling In niwroeoBimo ealt, niobio oxide dissolves in large 
quantity, forming a oolourloss bead in the outer flame, and in the inner, a violet- 
coioiired, or if the bead 13 saturated with tho oxide, a beautiful blue bead, the colour 
disappearing m the outer flame. Tho addition of ferrous sulphate changes the colour 
to hlood-red. 
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All the nioliiimi-coinpotiiids hitherto discotvered in natural minerals are salts of 
niobic acid. The ninhatea boar a close resemblance to the tantalates, but are distin- 
gmshed — 1. By the very different densities of the oxides or anhydridM obtained from 
them, tantalio oxide hamng a density of 7 6, whereas that of niobic oxide is only, 
about 4 6 — 2 By the behamoiir of Uiese oxides before the blowpipe. — 3. By the 
bohnvioiu' of the solutions of the alkaline niobates and tantalates with hydroehlorie 
acid at ordinary temperatures, the precipitated niohic oxide hemg insoluble in excess 
of that acid, whereas the tantahc oxide precipitated from the tantalates diseolveB in 
excess of hydiochlorie acid, forming a dightly opaline liquid.- — 1 The residue loft 
on evaporating the solutions of the allaline niobates may ha heated (but not ealcined) 
without giving rise to the separation of aeid salts insoluble in the alkaline hquid, 
whereas with the tantalates a very considerable portion of the salt is separated m this 
insoluble condition. — 5. Niobic oxide is also distinguished from tantalic oxide by the 
facility with which it is decomposed by ammonia gas and sulpliydric acid gas. 

6 The alkaline niobates in solution may be distinguished from the tantalates by 
their reactions with hydrochloric acid, sal-ammoniac, frrroeyanide of potassium, and 
infusion of galls, the last throe reagents being added to acid solutions. 



Kwhafes. 

Tantalates. 

Hydrochloric acid. 

White precipitate insoluble 

Wlitte precipitate soliiblo m 
excess. 

Chloride of ammonium 

Precipitation slow and in- 
complete. 

Complete precipitation as 
acid tantalate of ammo- 

Berroeyanide of potos- 

Bed precipitate. 

Yellow precipitate. 

Berncyauida of poUs- 

Bright yellow precipitate. 

White precipitate. 

lufusion of galls, 

Orange-red precipitate. 

Light yellow procipitata. 


2. Estimation and Separation . — The native niobates .ire partially decom- 
posed by boating inth strong sulphuric acid, and completely by fusion with caustic 
alkalis, or by long-contmued fusion at a very high temperature with alkaline car- 
bonates A better method, however is to fuse the levigated columbite in a platinum 
crucible with six or eight times its weight of acid sulphate of potassium , pulverise 
the mass when cold ; and boil it repeatedly with fresh quantities of water till no 
more sulphate of potassium, iron, or manganese is dissolved out of it. The residue, 
which consists of hy’drated niohic acid mixed ivith ferric oxide, stamne acid, and 
tiingatio acid, is then digested in sulphide of ammonium containing excess of sul- 
phur, which removes the stannic and tungstic acids, and converts the mon into 
sulphide ; the hquid is filtered, and the niobio acid wnahod with water containing 
sulphide of ammoniiun, then boiled with strong hydrochloric acid to remove uou, 
manganoso, uranium, oemini, copper, &c., and finally washed with hoiUng water. 
The hydrated niohic aeid thus prepared is converted into the anhydride by ignition 
Some eolumbites contain titanio acid. To separate this, the mineral is fused with 
about twelve times its weight of acid sulphate of potassium, and the fused mans is 
treated with cold water. Acid sulphate of titanic oxido then dissolves, while the sul- 
phate of niobio oxide remains vmdissolved. The residue is then washed with water ; 
but to obtain completo sejiaration, it is necessary to repeat tbis treatment both with 
tliis residue and with the titanic acid precipitated from the filtrate by ammonia 

Tlie separation of niobium from tautalum is effected by means of acid fluoride of' 
potassium, whereby tlie tantalum is converted into flnotantalate of potassium, roqiiiring 
151 to 157 pts of water acidulated with hydrofluoric acid to dissolve it otordinaiy 
teTOporahu-es, and the niohinm into flnoxyniobate of potassium, 2KPNb0!P.H’0, 
soluble m 12 to 13 parts of cold water. Tbe finely pulverised mineral is fused with 
five or six times its weight of acid potassnim-sulphate ; and the niobic acid thereby 
separated is thoroughly washed, then ignited and weighed; again fused with acid 
potussium-siilphate, boiled out with water, and dissolved m hydrofluoric acid. The 
solution, heated to the boiling-point, is mixed with a small quantity of hydropotassio 
fluoride (0 26 grin to each gramme of the mixed niohic and tantalic oxides), and if 
no crystallisation takes place, it is evaporated to a smaller bulk (about 7 cub cent for 
1 gramme of the mixed oxides) , and tbe potasaio-tantalic fluoride which then sepa- 
rates, is collected and washed till tho filtrate no longer gives the reaction of niobium 
(an orange-yellow precipitate) with tincture of galls. By treating tbe filtrate aud 
wash-waters m a similar miimier, and with corUiiu precautions detailed in hlarignac’s 
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memoir, th.e aepaifttioa of tho nioTiiiim and tantaliua may lie effected almost com- 
pletely. 

From tile alkalis, niobicaoid may bo saparated if m solution, by precipitation -with 
sulphuric acid ; if in tho form of an insolubla compound (as in tyrita), by fusion with 
sulphate of ammonium. 

For further details on the separation of niobium from other elements, see H. Eose, 
Ti'aiU de Ohvtm ancdytigm, li. 469. 

The atomic weight of niobium was estimated by Bose at 98 • but the number 
94 determined by Marignae from his analysis of the niobates and fluoxyniobatas 
agrees yery closely with the vapour-densitiea of niobio chloride and oxychloride, as 
determined by DeyiUe and Troost, and is now admitted to be correct. 

mOBIVin:, FX.VOlUlirE-COniPOinS'nS of. niobium forms a fluoride 
NbF*, and an oiyfluoride HbOF’, analogous to the chloride and oxychloride ; both 
form double salts yyith tho chlorides of tho alkali-raetals and other basic metals. 

Jrivioxyniolatea. — By dissolying niobio acid in hydrofluoric acid, an oxyfluoiide 
of niobium is obtained, haying the composition NbOF“, and forming salts isomor- 
phous with the fluo.titanates, fluostannates, and fluotungatates, 

Poiassium-salis — ^Asolutionof niobic acid in hydrofluortc acid mixed with fluo- 
ride of potassium yields a sorios of fluoxyniobatos, five of which haye been obtained by 
Marignoc in definite form. One of those is permanent ; tho others are converted into 
this normal salt by reoiystallisation. The fluoniobate crystallises out only in presence 
of excess of hydiofluorie acid. AH the fluoxyniobates are insoluble in a saturated 
saktion of potassram-fluonde , and more soluble in warm than in cold water From 
the perfectly clear solution, ammonia tlirows down niobic acid containing potash. By 
evaporation -mth sulphuric acid, they are decomposed ; and on treating the product 
with water, niobic acid remains as an insoluble powder, very easy to wash, while the 
whole of the alkali remains in solution. This reaction is available for tho fluontitattye 
analysis of these salts The individual salts are as follows . 

0, Laminar or Nm-mal salt, 2KF.Nb0F‘.H'‘0.— This salt separates from aqueous 
solution in very thin hirainm, so that moderately concentrated solutions solidify to a 
jelly. In presence of a small quantity of free hydrochloric aoid, it crystallises in 
rhomhoidal tables, belonging to the monoclinio system, and exliibitiiig the combina- 
tion ooP oP.odPco. -tPco.+ JP, aometimoe also with +P and +5P. Anglo coP ■ 
coP (olmocl) » 92° O'; oP : +Poo = 61°, 26'; -tSP. -t3P = 90° 10', +3P ■ 
+ P® = 126° 34' It 18 therofovB isomorphous with fluotitanate and fluoxybung- 
stato of potassium. It gives off nearly all its water at 100°, and is not decomposed 
at 200°. It dissolves very easily in liot water, and requires for solution from 12'5 
to 13 pts. of cold water (at 17° to 21°), in presence of hydrofluoric aoid somewhat 


0 Cuboid salt, 8KF.NbOP — Crystallises from solutions containing excess of 
potassium-fluoride, in fonns resembling the cube but not belonging to the mcnometric 
system ; when recrystallised from water it yields the salt «. 

y. Acicular salt, 3KF,B'bOF*.HF. — Separates from solutions containing excess of 
hydrofluoric acid and potassium-fluoride, in slender needles, or by slow crystalUsation in 
well-developed monoclinio prisms exhibiting the combination +P . -P . »P . <»Poo . 
oP, smnetimes united as twins by tlie side »Pco, and thence resembling rhombic 
octahedi'ons. Angle ooP . ooP =. 116° 60'; -P : -P (oUnod.) = 138° 60'; +P: 
+ 1’ (dined.) «. 136° 34'; coP ; -P = 184° 8'. The salt does not altorat 100°, bnt 
when heated to its melting point, it is converted into the anhydrou,? salt 3KF NbOF®. 

S. Seraaimal salt, 6KF.3Nb0F®.H®0. — When a solution of niobic acid m hydro- 
fluoric aoid is mixed with less than an equivalent quantity of potassium-fluoride, the 
salt tt crystallises out fli-st, and afterwards the hexagonal salt in apparently hexa- 
gonal monoclinio prisms, mostly grown together and imperfectly dovelopod. 

e. Tmlinic salt, 4KF.3NbOF’.2H''0. — ^When an excess of niobio fluoride has aocu- 
mulated in the mother-liquor of the last-mentioned salt, the triclinio salt ultimately 


. - — . — , -—.......M- , .» uu«..uod by dissolving the fluoxynio- 

oate a in warm hydrofluone acid, and crystallises on cooling in needle-, shaped tri- 
mofaic crystals isomorphous with the fluotautalats, anti exhibiting the omnbination 
'-6 " ■« • »p = 112° 30'_; OOP • =. 124°; coSoo . 

=*116 ICK , Pco : P«5 » 1 20° 30 . The cryetals give off hydrofluoric acid v'hoii heated 
alone in contact -with the air, -with excees of lead-oxide they may be fused at a red 
heat •mtiiout loss of “weight. Their aqueous solution prepared at a high temperature, 
^^d ' ° h ^ prystallisation of laminar potassium fluoxyuiobate (a), and & very 
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t\\& fluosyniobate axii. fluomobate of sodium wbib obtained by Marignao 
only in crystalline crusts -wluoli appeared to bemixturee. 

Fluoxyniobates of Ammonium — Several of these salts were obtained in the 
game manner as the potassium-salts ; they are aUlrke-vrise converted by recrystalbsation • 
into ono unci the same laminar salt. 

o Lanmar salt, 2NH^F.NbOF*. — Not isomorphons with the corresponding potas- 
siuni-salt, .and much more soluble than the latter. The a-ystals, which belong to the 
trimotrio system, exhibit the combination Poo . c» jf*co . i^co . oP, and assiitno a 
tabular foim in consequence of the development of the basal faces. Angle oP : Pc» 

= 112° 35', oP ; = 141° 30',oP:f“oo =. 134°60';Poo.Poo = 106°40'. The 

salt may be heated to 180° without loss of weight. 

/S. Oubia salt, SNHT.NbOF''. — OrystaUises, like basic fluozirconate of ammonium, 
in cubes or oubo-octabedrons 

7 Hexagonal Salt, 6NH‘P 3Nb0F’.H®0. — CrystaUisos ftom solutions containing 
excess of niofaic fluoride, in short hexagonal prisms, acuminated by a very obtuse 
pyramid of the second order 

S. Saotangalar salt, NH’P.NbOP*. — Separates from the mother-lnjnor of the pro* 

■ ceding salt in groups of four-sided pnams, the crystalline form of which could not be 
exactly determined. 

Fluoniobaie of Ammomum has not been obtained pure j a solution of the laminar 
salt 0 in excess of hydrofluoric acid, yields, on coobng, a cubic double salt containing 
2Nff P.NbP® + NHT.NbOF». 

Fluoxyuiohate.of Ooypor, CuP’.NbOF® 4H’0,a’ystallises from very concentrated 
solutions in blue shining flat octahedrons belonging to the monoclinic system and ex- 
hibiting the combination +P.— P.»P. [®P® ] oP. Angle ojP ooP =» 106° 60'; 
ooP : [ «P=o ] = 126° 30' ; oP ■ -P = 142° 20' ; oP . ®P = 100° 40'. The crystals 
are hygi'osoopio and veiy soluble. 

Fluoxyniobats ofZino, ZnP* NbOP®.6H''0, crystallises in the hexagonal system, 
either in needle-shaped prisms or in apparent dodecahedrons, on which the prism has 
been observed together with the primary rhombolicdron and a subordinate acuter 
rliombohedron Angle E Bin the terminal edges = 127° 6' , E ooP = 116° 25'. 

All these fluoxyniobates, with the exception of one of the potassiiun- and one of the 
ammonium-salts of somewhat complicated constitution, have their corresponding terms, 
as regards ciystaUins form and chemical constitution, in the groups of the fliiotitanates, 
fliiostannates, fluotungstates, and fluozirconates, the fluorine and oxygon replacing ono 
another isoraorphously ; thus the aciculai^otassium-salt, SJtt'.HF NbOP*, is isomoi- 
phous with fliiostaanato of potassium, SKP.HF.SnP^ , the lamellar ammonium-salt, 
2NH'P.NhOF’, with fluotuiigstate of ammonium, 2NH-‘F.‘W()'F°, the cubic nmmo- 
niuni-salt, SNH'F.NbOF*, with fluozirconate of ammonium, SNH*F.ZrF<, the 
zino-s.ilc with the fluostannate, fluosihcate, and fluotitanate of zme, &c. It was the 
isomorphism of tliose salts which first led Mangnac to the discovery of the true 
constitution of the niobium-compounds 

XTIOBIum, ITXTBIDZI OF. Obtained by heating niobic chloride in ammonia 
gas. It is a dull black powder which conducts electricity, is not attacked by nitric 
acid, scarcely by nitromuriatie acid, hut easily by a mixture of nitrio and hydrofluorio 

NlOBIunt, OXIDES OF. Niobium forms a pentoxido Nb’O®, analogous to 
the pentaehlonde ; also, according to Delafontaine, a protoxide and a dioxide 

PnoToxiDis, NbO. This is the black powder (regarded by Eose as metalbc 
niobium), obtained by igniting fluoride of niobium and potassium with potassium 
(the oxygen being deviv^ from the air, p. 49). 

It appears also to he formed, according to Deville and Troost (Jahresb. 1865 ; 
p. 211), by the action of magnesium on the vapour of niobic oxychloride . 

2NbOCF + Mg’ = 3MgCP + 2NbO 
and by heating fluoxyniobate of potassium with sodium • 

2KF.NbOF’ + Na’ = SNaF + 2KF + NbO. 

Dioxide, NbO^. This oxide remains as a dense black powder with a tinge of 
blue, when the pentoxide is heated to whiteness for several hours in a stream of 
hydi'ogen (wheieupon it loses nearly 6 per cent, of its weight). It is permanent in 
the air at ordinary tomporatiu'es, but whon heated to redness, is converted, with in- 
candescence, into white luobic oxide, taking up from 6‘22 to 6-38 per dent, oxygen, 
(calc. 6 34 per cent.) It is not attacked by water, concentrated acids, or caustic 
alkalis, either in the cold or at the boiling heat. (Delafontain e). 
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Pentoxidb OF Niobium. Niobio Oxide or Anhydkidk, In ths liydratod 
state, Siobtc Acid This oxide may ho prepared 1. By decomposing niobio chloride 
or oxyehloride with water — 2, By fusing columhito or other mmeviils containing it 
■ with aeid sulphate of potassium and treating the fused mass witli water &c , as 
described m speaking of the estimation of niohium m those minerals (p 61). 

Niohic oxide is white, hut becomes yellow when heated, the colour diBappoaring 
again on cooling. Its specific granty varies according to the degi’oo of heat to which 
it has been exposed in preparation. When prep.Trod from colnmbito by fusion mth 
acid sulphate of potaesiuin, and perfectly purified from tantahc oxide, it has after 
Ignition a specific gravity of 4 37 to 4 46, that obtained by prolonged ignition of 
fluQxymobate of ammonium has a specifio gravity of 4 61 to 4'63 (Marignae). 
That prepared by the action of water on the olilorido is a hydrate (niobic acid) , it is 
amoiphoiis and has a density of 6 26 , hut hy exposing niobio oxychloride to moist 
air, to that it may be slowly decomposed, a crystalhno hydrate is formed having a 
density of 4'6 — 4 7. By exposing the amorphous liydrato to a red heat for a long 
time, or to a white heal for a shorter time, it is converted into anhydrous niobie oxide 
having nearly the same density as the crystalliuo hydrate Ai the liighest tempera- 
tm'o of a porcelain furnace, the oxide is converted luto a sandy powder consisting of 
miorosoopic crystals, of speoifie ’gravity 4‘00 ; in one expermient it was fused at this 
high temperature, and formed on cooling a rudio-erystalline mass. fHoso ) 

The hydrate prepared by the action of water on the chloride, mid likewise that pre- 
cipitated by hydrodblorio acid fiom solutions of alkaline niobales, exhibits bright incan- 
descence when calcined; the oxide containing sulphuric acid obtained By fusing 
columbite with acid sulphate of potassium, does not exhibit this phenomenon 

Niobio oxide heated in hydrogen gas turns grey and is partially reduced, the loss 
of weight amonutmg, according to Bose, to 1 per cent., according to Dolafontaino 
to 6 per cent (tantahc oxide suffers no reduction). Niobio oxide is decomposed by 
Ignition in a stream of mlphpdru) acid gas, or vapom' of sulphide of carbon, being 
converted into niobic sidpbide (Bose), oxjsulpbidefDolafoutaine). Ignited in am- 
monUt gas it tiu’us black, gives off a largo quantity of water, and is partly converted 
into a nitride (p 63). 

Niobie oxide after ignition is insoluble in all acids. The hydrate dissolves with 
difficulty in hydrooJdonc acid, so that when an alkaline niohato is precipitated by nn 
excess of hytu’ochlorie acid, the filtrate retains only a small quantity of tiiobio acid 
in solution ; but on boiUng for some time with strong hydrochloric acid, and then 
adding water, a consideniblo quantity is dissolved, and hy repealing this tvoatmont 
witli acid and water two or three times on tlio residue, the wliolo may bo ultimately 
dissolved The hydrate dissolves easily m hydrofluoric acid, but is nearly insoluble in 
mino acid. 

Niobates ~Niobic oxide unites with basic metallic oxides, forming doflnito salts, 
several of which occur as natural minerals. The niohatos of the alkob-iiietals are 
produced hy fusing mobic oxide with the hydrates of those metals, or by boiling niobio 
aoid with solutions of caustic alkalis. 

The alkaline niobates are hkowise soluble m solutions of potash and carbonate of 
potassium, but dissolve with great difficulty in excess of soda and carbonate of sodium. 
Niobip acid is precipitated from its alkaline solutions by acids, especially by sulphuric 
acid, even at ordinary temperatures (tlie precipitation of tantahc acid requires the aid 
of heat). Oxalic acid does not affect alkaline niobates , But carhomo acid gas proeipi- 
tiites an acid salt soluBle in a largo quantity of water , acclio and and sd-ammoniaa 
also form precipitates. But the precipitation By the latter is slow and imperfect, es- 
pecially if the solution contains carbonate of potassinm or sodium A solution of an 
nllialine mohate, acidulated with sulphiu'ic or hydrochloric aeid, forms a red preoi- 
pitato ynth.ferrocyanidc of potassium,, bright yollowwith the fci-ncyanidc, and orange- 
red with injusicn of galls. A piece of mno, immersed m the acidulated solution', 
forms a beautiful blue precipitate, which after a while changes to Brown. Tantalates 
yield only a faint Blue colour with mno, on addition of a very large quantity of hydro- 
ohloric acid. 

Niobates of Fotassium.—lhoBe salts crystaUiso readily and in well-defined 
forms. By fusing the oxide with 2 or 3 pts. of potassnini-caiBnnato and evaporating 
the solution of the fused mass in a vacuum, the salt 4K'0 aNB^OMeH 0, is obtained 
ill large monoclimo prisms, exhibiting the combination o=I> , [ cojoo ] [2Poo ] . oP . 
+ P. Angle ooP ooP =. 109° 20; ; oP ooP = 94° 30', oP • n-P = 136° 6' ; oP : 
[2Pco ] = 132° 10'. This salt melts when heated above 100°, and solidifies again 
at a higher temperature, acquiring a transient yellow colour .and becoming insoluble. 
The aqueous solution of tho crystals deposits a second sail, 8K-0 7Nb‘0‘ 32II''0, in 
rhombic octahedrons exhibiting the combination P ooPio , oof oo . oP.wi Hi tho angles P • P 
(brach.) = 120° 40'; P : P (maci’' = 118° O', oP. P « 134° 20', it is not altered 
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bv recrvstallisation. A aolution of either of the preceding salts mixed mth caustic 
potash, and slowly evaporated, yields a third salt, 2hrb“0M3H’0, in very efflo- 
r^oscent crystals having the character of rhombic octahedrons. If the potash used 
contains soda, a double salt eonlainmg |^rQ|3Nb’0'‘.9H“0, is obtained at the same 
time as a pulvendent precipitate, slightly soluble in water, msolnble in the alkaline 
liquid By boiling a solution of fluoxyniobate of potassium with acid carbonate of 
potassium, nearly the whole of the niobium is thrown down as an acid mobate of 
potassium, ]I'0.8Nb“0“.5H*0, forming a light pulverulent precipitate, nearly insoluble 


The mohatea of aodiwm e 


crystalline powdei-s wbidi d 


Niohate of Iron and Manganeae. (Fe"0,Mn"0).Kb’0** Oolmnbite HioUte 
This IS the mineral in which niobium or colunibium was first discovered. It 
occurs in tnmotric prisms, exhibiting the combination ooPco . oo?oo . oP . ooP . 
rof 2 . co^3 . if® . p3 . P, with other faces. Axes a.b c = 0 8292 : 1 : 0-8773. 
Anglos, ooP . coP = 100° 40', oP*Pco = 133° 22 fi' (Dana, ii 363). A crystal 
of oolumbite from the granite of Montevideo, examined by Maskelyne (Phil Mag. 
[4f XXV 11) exliibited the eomhmation copio . ooPco . oP . 2f 2 ooP . ooifs . 
«P6, with the angles coPw ; oofO = 168° 40', coPS . ooP6 =. 160° 42'. Colum- 
bite also forms twins, with 'face of composition parallel to 2l>oo. Cleavage parallel 
to and ojPot , tho latter tlio most distinct It occurs also massive, but 

rarely Hardness = 6. Specific gravity = 5 4 — 6-4 ; 5 469 for the Connecticut 
mineral ; 6‘7 — 6 39 for the Bavarian. Lustre submetallie. Colour, various shades of 
black, often iridoscent. Streak dark rod to black. Fracture subeonchoidal, uneven. 
Brittle , It is not altered by heat alone. By borax before the blowpipe it is slowly 
dissolved, giving the reactions of iron and manganese , the head, if saturated to a 
certain extent, may bo rendered greyish-white by flaming, especially if it has been 
previously heated m the inner flame , if fuUy satui-ated, it becomes opaque sponta- 
neously on cooling With carbonate of sodmm it gives the manganese reaction. 
Many ooliunhites heated on charcoal with soda and borax in a strong reducing flame, 
yield metallic tin. 

Andyaea of Columbite. 


Speotflo gravity 
Nlobic! oxido (Nb’OS; . 
Siaiinlo osMi' (SnQi) . 
Tungdlo oxide CWO^) 


The columbite of Bodonmais, on the Kabeustoin, iicnv Tiwiosel, occurs in granite. 
In the United States it occurs both in felspathic and in albitic granite. 

Niobatea of Yttrium To this head belong the minerals FVnttisovMte, Tt/nte, 
and Bi ayite', which are in all probability identical. Forgusonite has been ah-eady de- 
scribed (li. 023) Tyi'ite ocem-s near Arendal in Horway, in crystals too small for 
measurement, but probably quadratic, exhibiting distinct cleavage and having a den- 
sity of 6 13 to 6-56 According to Bondi and Kenngott, their form is identical with 
that 6f Fei-Msonite. The mineral doaepitates and gives off water when heated, and 
exhibits with fluxes the reactions of iron and uranium. 

Bragite, also from Arendal, has a grey-brown colour, metaUiolustro, uneven small 
splintery fi-acturo , hardness 4-6, specific gravity = 6 40 

The following are analyses of these minerals , that of fergusomte has been already 
given, but is repeated here for the sake of ready comparison. 

• On tbeformulie of columbites end tantaiites, see Bloinst r an d (J. pr Cliem, xcvli 4fi,Jalire«b, 

1866, p 896 ) 
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Tyrlte. 


ITiolDie oxido , 
Stannio oxide . 
Zifconio oxide 
Alumina 
yttria . . 

Oei'Qua oxide . 
Oxide of lanthanum 
Uranous oxide 
Peiroua oxide _ 
MangauouB oxido 
Pirotoxide of lead 


48 10 47 76 


100'19 100-18 09 86 99-45 99 62 99-4 

a,l,c. T-orbei (Phil. Mag. [49x111. 91 -tl MIchaelaon (J. pr. Cham. xc. 108.)-«. Harl wall 
(Pogg Ann. x»l. 476).-/. Wob a r (Inaugw ttl disserlatton, Berlin, I8S9, p. SO). 

The oompoeition of these minerals may he represented by the general formula 

6M"0 Nb^0‘ |H»0. 

Uranomobate of Yttrium and Iron, Samarshie, Uranoianialite, Trimetrio, 
Angle of prism 2P» = 136° to 136°, therefore aaP . oaP = 100° 40' to 101° 40', 
■which is near that of columbite Occurs generally in flattened grains. Hardness = 
8-6—6. Specific ' gravity = 6-614 — 8-68. lustre of fractm-e-surface siiining and 
submetallie Colour velvet Mack. Streak dark reddish-brown. Opaque, Iracture 
subconohoidal. Whon heated, it decrepitates ebgbtly, glows, and becomes blaokisli- 
bro'wn Before tile blqwpipe it melts on the ednes to a black glass. With borax, 
in the outer flame, it forms a yellowish-green to reddish glass, in the inner, a yellow 
to greenish-black glass, which becomes opaque and yeUowish-brown by flaming 
With mtorooosmio salt, on emerald-green bead in both flames. With carbonate of 
sodium, the reaction of manganese. When pulverised it is slowly but completely decom- 
posed by hydrochloric acid, forming a greenish bquid; more easily by sulphuric acid. 


Analyses qf Samarsldte, 


Niobio oxide ) 
Tungstic „ J 
Zireomc „ 
Stannio ,, 
tlranio oxide . 
Barrous „ . 
Manganous „ . 
Cupric „ . 
Cerous „ . 
Yttna . . 

Thorina , 

Magnesia . 
Water 


68-38 66-00 66-91 


14-18 16-7b 16 77 

16-43 16 90 16-94 


9-16’ li-04 8-36 


0-92 1-02 1-88 

0-80 0-76 0-76 


96 84 101-41 99-61 


d. 

6610) 
0-48 5 


0-26 

19-22 

16-06 

0-66 

0-07 

4-91 


66-36 


4-36 

. . 0-06 

lO-eSUi^O 11-60 
8-87 11-08 

1- 20 0 96 

. . 0-26 

2- 86 3-31) 

13 29 12 6i; 

6 06 


0-44 . . 0-73 

0-26 0-60 0 14 

. . 0-33 0-46 

96-36 100 03 100 41 


If. 

6017 ' 
4-26 

0- 63 
11-08 
10 68' 

1- 61 


16-90 
6-66 
0 64 
0 04 
0 40 
100-82 


469) Ixxll 
under H c 
p, 829). 


z.— rf, by Chnndlerunder H.Uosf 
c. by Herraann (J pr. Chom 1. 178), 
wtlon (Pogg. Ann cxvill 339, 400, 497 ; 


8 direction (Pogg 
./• by PInkont 
(Bull Soo Cliln 


Samarskite is from the Hmen mountains near Miask, where it occurs with 
ffischynite in reddish-brown felspar. 

Hermann’s yUro-d/mmUe, a mineral &om the same locality, agreeing with sa- 
marskito in crystalline form and density, but supposed by him to contain a peculiar 
aeid, ilmenio aoid (iii 246), is, aceordmg to H. Hoso, nothing but samarskite con- 
taining a small quantity of tungatio acid. 

Niobate of Calaium, Cerium, — ^Tbis is the composition of pyroohlore, a 
imneral occnri-ing imbedded in syenite at Ifrodriksvarn and Baiiwig m Norway, nsso- 
oiated with zircon, polymignite, and phosphate of yttrium , also at Brevig with thorite; 
in the Hmen mountains near Miask, and associated -with tourmalin in the albite vein 
at Chesterfield, Massachusetts. Monometi-ic, occm-i-ing in octahedrons modified by 
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fixjes of the cube, aud also in dodecahedrons and trapesohedrona 202, 303. Cleavage 
octahedral, sometimes distinct, especially in the smaller crystals Hardness = 6 — 6 6. 
Specific gravity = 3'802 from Brevig (Berzelius), 4-32 from Miask (Bose); 
4 203 from Miaak (Hermann) ; 4 202 — 4‘221 from Eredriksvam (Hayes). Bustije 
vitreous or resinous. Colour pale honey-yellow, brown, dark reddish, or blackish- 
brown. Suhtranslucent to opagne. I^aeturo conchoidal. Before the blowpipe it 
becomes pale brownish-yellow or lemon-yellow, but retains its lustre and fuses with 
great difficulty. With borax it yields, in the outer flame, a reddish-yeUow transparent 
glass, which becomes opaque by flaming, and with a larger proportion of borax forms 
a white enamel. In microcosmw salt it dissolves completely, foruung in tne outer 
flame a yellow glass which becomes grass-green on cooling 
Analyses of IPyrocMore. 


Mobio oxide 
Titamc oxide 
Stannic oxide 
Cone oxide . 
Alumina 

Uranic oxide 
Uranous oxide 
Perrons oxide 
Manganous oxide 
Oorous oxide 
Yttria 
Thorina 


97-30 07-10 

W 0 h 1 e r (PojK Ann. vii. 417 , xvvti. 80, xlvlll L. . - 

P-Ml.)-H8rm«ii,n{J. pr. Chem. x: 

Pyrochlore (or Microlite) from Chesterfield, Massachusetts, contains, according to 
Shepard (Sill, Am J xxxii. 338), 75 70 per cent mobic oxide, 7’42 tungstic oxide, 
uranous oxide and yttna, 14'84 hme, and 2'04 water. 

Euxsn%ts (ii. 611) from Norway is essentially a titano-mobate of yttrium and 



103 41 101 -87 

tfi4) -H aye 1(801. 


Niobio oxide 
Titanic oxide 
Zirconia (7) 
J'eiTous oxide 
Xttria 

Lanthanum oxide 
Cerous oxide . 

Water . ! 


Specific gravity . 


33 39 
11 04 
17 62 
17 65 


33-20 

26-90 ' 

22-20 OeaOat ' 


Folycrase, a mineral from Hitteroe i 
coiumbite and samarskite, contains, accoi 
bcxii. 668) and Hermann (L pr Chem 
combined with ferric oxide, uranic oxide, 
alumina, and traces of lime and magnesia. 

N-XOBIITKC, SUI.FBIDES OP. By 


101-06 100 61 100-67 

. 6-08 4 96 

1 Norway, agreeing in crystalline form with 
ding to Scheerer (Pogg Ann. brii. 430; 
1. 181), titanic, mowc and zirconio oxides, 
DUS oxide, and yttria, small quantities of 

le action of sulphydric acid gas on niobie 

flr»t end second analyeea gave no cryjtalHaablo lalt With 
id qnalyalj ai a mixture of ceric and titanic oxidoa. 
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cHorida, at ordinaiy, or mora quietly at higher tamperaturoe, or by passing the 
vapour of sulphide of carhou mixed -with corhonie anhydride (to oanT- it forward) over 
strongly ignited niohie oxide, H Eose obtained a black metallically lustrous 
powder, which ho regarded as a sulphide of niobium. According toDelafontaine, 
it IS an oxyaulphide Nb’O^S® or (NbO)®S“ 

irSFHOKXTE, A variety of chiohte (dnoride of aluminium and sodium, 
SNal'.AlIF*), fonnd at Miask in the Ural. (See Sodium, Fluoiudb or.) 

WlTHrAHIW. A yellow amo^hons substance, produced by the action of 
sulphide of ammonium on paramtranuiiie (Arppe, Ann. Oh Pliarm xon. 113 ) 

XrXTRACiKOZi. A heavy colourless pungent hqmd, formed, together with others, 
by the action of Btiong nitric acid on oonanthol (Tilley, Phil. Mag. [3] xxxm. 81) ; 
also on oholoidic acid (Eedtenbacher, Ann. Ch. Pharm Ivii. 14S). 

NXTEAMIABXKrB. See Amabtmb (i. 162). 

HI'TXlAMXDtW. An explosive substance produced hy the action of strong 
nitric acid upon starch, also called Xyloidin (g ».). 

MITRAW. Graham’s name for the radicle NO'*, which must be supposed to 
exist m the nitrate, when they are regarded ae formed on the type of tlie chlorides, 
e,g nitrio aeid, NO’.H. 

XtrZtFRAN'XDXIS. Syn with NrPBAIBS. 

nrzTRAirzXiXlfB. See AimiNi, Ni-mo Dehitatives of, under PHBNYtAunjnis. 

SJ-ITaAN-ISIC ACIDS, See Ahisio Acid (i. 302). 

H-XTRAITISIDB, See Ahisb, Oil of (i 288). 


WlTBAHlSIDISirH. See ANisroKE (i. 301). 

ItrzTRATtrxsoXi. See Anisol (i. 306). 

MZTBATBS. See Kitric acid, under Kitbooen, Oxides and Oxysen-Aoids of. 


NITaATIKT. Native nitrate of sodium See Nitbates. 
D'lTRAZOFBEUVSjAniXNB, See Aunms, NiiBio SiinivATivBS o: 
Phekylaiunes. 




See the last reference. 


IS'ITBAZOPKEXnrXi-CXTSACOIl'AnilC ACXD.i 
KITRAZCFKEireD-oiTBACOE’AiaXDE, 

WIISS. A name applied sometimes to nitrate of pot.issium, sometimes to nitrate 
e frequently in oommereml language to the latter, the potuasium- 


xriTRiO ACID. See UmooBM, Oxides and Oxyoen-Aoids of. 


BTiTEicirivi. Syn. with Niteogen. 

sriXEIDES. This term might be applied to the comiioimds of nitrogen with any 
other element or radicle, but it is chiefly used to designate the compounds of nitrogen 
with phosphorus, boron, silicon, and the metals The metulhc uitndes have for tlie 
most part the eomposition denoted by the formula EN, E-N, or E'N (E denoting a 
monatomic metal), the last being analogous to ammonia. They are mostly obtained hy 
the action of ammonia on meUUic oxidea or chlorides ; frequently also by tlie direct 
action of atmospheric nitrogen on metals at the moment of separation from their oxides 
hy chareoaL Most of thorn have a metallic aspect, are easily decomposed by heat, 
Bometimes with explosion ; some of them however witlistand a very high temperature 
without decomposition. Many of them are reduced to the metallic state by ignition ui 
hydrogen or ammonia-gas; heated with water or hydrate of potassium; they often 
yield metallic oxides and ammonia; they hum when heated in the air. They unite 
with other metaHic compounds, especially with metalamides —[For the special descrip- 
tions of these compounds, see the several metals ; for the methods of analysing them, 
see page 66.] 

EltTRIDES. This term is applied to the cyanides of the alcohol-radicles 
regarded ss compounds of nitrogen with acid radicles, thus cyanide of ethyl 
C-‘E‘ ON »= propionitrile C“H“N. (See Cyakides, h. 202, 211, 258, 272, 274, also 
BENZ.ojnTBiLB, i 603, and Oyanide of Cbtyl, i. 840 ) 

Me n dins (Ann. CE Pharm. exxL 129) has shown that, tho nitriles are converted 
W direct assumption of hydrogen into amines, accerdmg to the general equation ■ 
Qnjpjn-i pH* — C"n*“+''lf ; e.y. formouitrile (cyanide of hydrogen) into inetliyl- 
ainiue, acetonitrile into ethyUmiue, &e. The conversion is efloctod by bringing the 
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nitrile mixed with hydroohlorio aeid and alcohol into contact with metaihe zinc (See 
Methtlamiot, m 995 ) — ^Action of bromine on nitriles. (Bngler, Ann. Ch. Phorm. 
cxxxiu 137 ) 

WITREWDUT. See Indin (lii. 266), 

ITITJtlXSS. See NlTBOua Aoto, under hTitBOBsiN, Oxtobs and Oxyobn-aoids or. 
MTITBO-AZOBBKrMIjrB. See Azobemzbsb (i. 478). 
JO'ZTBOSBH'ZAnilDBS. See Bensaudb (i. 541). 

NITBOBBN'ZAH’IBIBB, See Phentl-bbuzamidb, under PHBirniAMiras. 
ITITItOBBia'ZAIl'ISIBIDB, or BBNzomTBANisiDB (see AnisnimB, i. 304). 
sriTBOBBIcrZBirBS. SeeBBnzBBB(i 543) — iThe following are additional modes 
of iormation and transformation of these compounds. 

1, Nitrobenzene is produced, together with other products, hy the action of strong 
nitrio aeid on od of turpentine (H. Sehiff, Ann. Ch. Pharm. oxiy. 201), See Tubpen- 

2 In preparing mtrohenzene for use in perfumery, H Vohl recommends that the 
benzene be first distilled at a temperature below 83®, to fcee it &om aTolalilo sulphur- 
etted body which it usually oontams. The nitrobenzene is subsequently to be distilled 
in a current of aqueous vapour, aud the portion of the product which remains dissolved 
in the water separated by addition of common salt. (Dingl pol. J. clmi 148.) 

3. Nitrobenzene distilled for a long time with chromate of potassium and sulphuric 
acid, IS converted into lutrophenoio acid, 0“H’(N0’*)0* (Church, Chom. Soc. Qu. 
J ziv. 62) See Phbnoiq Acid. 

4. When vapour of nitrobenzene mixed with hydrogen is passed over heated 
platinum sponge, there is obtained amongst other products a yellowish oil, forming 
witli hypoehlurite of calcium a blue substance which is reddened by acids and turned 
blue again by alkalis It is uisoluble in water, soluble in alcohol and ether, and is 
neutral to htmus (G. Jumel, Bull Soc. Chim 1861, p 47.) 

6 Nitrobenzene heated with sulphide of carbon to 160° is converted into aniline. 
(Sohlagdenhauffen, J Pbaam ts] xxxiv. 176) 

Por other modes of eftectmg thib transformation, see Anixetb under PinavyL- 
AMIOTB 

6. Nitrobenzene treated with 2 pts. ii-oii filings and ^ pt strong hydroohlono aeid 
IS converted into a rod colouring mutter called ory throb enzin. After 24 hours' ooiilact 
the solid mass is to he tritoalecl and exhausted with water, the clear solution pre- 
cipitated with common salt, and the product purified by resolution and precipitation 
(F. Laurent and J. Oastlehaz, Bep Patent Inventions, Oct 1862, p. 339 ) 

7. Dinitrohenzene treated with m o«->7ik(7S aud aoi’t?a aezd, is converted into phony- 
lone-diamine, C“ff(NO0“ + H'^ = iS^O + HXC”H*y'. (A.W. Hofmann, 
Proo Eoy. Soo xi 618 ) 

XTSTBOBBirzoBIirs. Syn. with Hydride of Nitrohenzoyl (see Bbnzvi., Hthbidb 
oiM.67i) 

I4ITBOBEWZOIC ACIBS. See BsNzoio Acm (i 466). 

niTKOBBN'ZOIiriTBIl.B. See BENZONimiLB (i. 664). Por the action of 
sulphide of ammonium on this compoimd, see SuoMAMiDOBENZAMmiJ. 

I«riTB,OSBITZOYB, BEBOXIBB OF. See PbbOXIDES, 

XTITBOBENZOXiTB Or TTITBOBEIirZOBBEigrONE. See Bbnzohb. 
n-ITBOBEH'ZOFB-BBlVilOXH'. See BEKzonf (i. 660) 

BTX'BBOBBOniO-PHEBriC or -CABBOIiXC ACIB. See Phenoe, Debiva- 

IfflTBOBITTVROIiriC ACXB. Syn. mth Butteo-nitbio Aoid (i. 698). 

' NXICROCABCITB. Native nitrate of calcium (see Nmbates) 
KrXTBOCAPBIC ACXB. 0"’H'*(N0'‘)0 — Produced, together with nitrocaprylie 
acid, by tbe action of boiling nitrio acid on the non-volatilo fatty acids of cocoa-nut oil. 
(Wirz, Ain. Ch Pharm civ. 289) 

WITBOCAPBTri.IC ACXB. See Caphtmo Aoni (i. 746). 
KrXTBOCARBOBXC ACXB. Syn with NlTBOPHENia AcTD 
WITBOCBIiEUXiOSB. See Celeulosb (i. 819) and PybOXVLIN. 
liriXBOCHXiOBOBBBrZEiarB. See CuLOBiDB OF Diniteobhenyl, under Phenyl, 
Ciilobldb of. 
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RXTROOBIiOBOBEirZOXC AOXUS. These acids are produced by the action 
of fuming nitric ftcid on the corresponding chlorobenzoie acids. Nitromotiochloroben- 
goic acid, 0’H*(A(H0'‘)0’, is slightly soluble in cold, easily in hot water, and crys- 
tallises in needles -whuAl melt at 206(?) Its silver-salt is a white pi ecipitate which 
separates from water in flat ciwstals, NitrodicMorobm^oio acid, C’H“Cl^(lf0“)02, is a 
yellowish oil which does not solidify even after long standing. (0 tto, Ann, Ch. Phatm. 
cmi. 129.) 


nrXTROCBBOBOniCEIC ACXl>.j 
KTITBOCHXiOBOmCEZa'B. i 


See Ohlobokicbio Aam (i. 920). 


MriTROOBOZIC ACID. OH^W? (Bedtenbaehei, Ann, Ch Pharm, Ivii, 
14S,) — All acid produced by the action of nitric acid on eholoidio acid (i. 929) The 
heavy oil which condenses in the reoeiTer has an acid reaction, but is not a uniform 
substance. 'When washed with water and left in contact with aqueous potash, it 
acquires a yellow colour, and if the alkaline solutiop is concentrated, deposits lemon- 
yeilow crystals of nitrocholate of potassium. To obtain the whole of this salt, the 
alkaline solution is decanted from the unaltered oil and evaporated in a vacuum It 
may he purified by redissolvmg the crystals in tepid water, end ageiu evaporating in a 
vacuum, 

dditroohoUU of mtttssium, CHK1S'''0“ ?, has a lemon-yellow colour, and apparently 
the same form as Krrocyanido of potassium ; it has a shghtly intosioatmg odour, and 
is not permanent in the air. The crystals, as they dry even m vacuo, and especially if 
heated, spht into a great number of small fragments, acquiring at the same tune a 
powoifrl odour and apparently suffering decomposition. The solution of the salt 
decomposes under the same circumstances. 'When boiled for a long time, it yields 
crystals of aSltpatre. "When decomposed by an acid, dilute sulphuric acid for example, ' 
it yields nitrous acid, nitric acid, a fat oil and hydrocyanic acid, products which may 
likewise be obtained from the mother-liquor of the crude nitrocholate. Sfitrooholate 
of potassium does not precipitate motaUio salts. 

XTITROCBBTSEIO'E. See OHnTSBKB (i. 958). 

HITROCXNia'AjnEIjrE. See ClNNAMBKll (i. 983). 

HirBOClimAMXO ACXE. See Cinnamio Acid (i. 983). 

TgriTBOcnmAMniE. See CnaiAMnm (i. 989). 

E'lTBOCINN'AN'lsiSZOE. M&anisvMnnam'de or Ctnnibi'am'st'de, O'^E'WO* 
(see 1. 304, 989). 

ElTROGOOCtrSXc ACXE. A product of the action of nitric acid on carmine 
(i. 804). 


NITROCODEINB. See OoDBDtB (i. 1068). 

K-rraocOTTMARIir. See OonMABiN (ii. 94). 
mxKOCVAiEN'B or SfXTKOOUMOi. See CuMBira (ii. 174). 
xviTROCEBSYlfic ACID. See Oebsiwo Azoosoij (h. 207). 
is'iTROcuniEnrYi.AnxmB or RrzTBOcuMciDiN'E. See OratKornAWNB 
(u. 178). 

mZ'ROCVMiijrxc acid. See Cuminio Aoto (i 178). 

WITROCVIHENB or BXTROOYIWOXi. Sec Oymum (ii. 296). 
XflTRODRACOIfESIC ACID. Syn. with KlTRANisio AoiB. 
mTRODZCHBORORBEHriC ACXD. mtrodioldorofhmol, Mfrodichlorooa,-- 
ooltc aotd. (See Phekoi,, Debivativbb or.) 

NITRODRACYXAMIDE. 0’H“N®0*. Isomeric with nitrohenzamido fi 641) 
Obtained by the action of ammonia on nitrodracyhe ether (Wilbrand and 
Beilst ein). — Seealso Eeichenbach andBeilstein(Ami. Oh. Pharm. cxxxn 143). 
NITRODRACYIIC ACID. Paranitrobcnsoic aotd, 0’S‘(N0‘)0^. {Wil- 

hrand and Beilstein, Ann. Ch. Pharm. oxxvi. 266 ; exxvhi 267 G. ifisoher 

eW, exrvii,137, oxxx. 128.)— An acid isomeric with mtroheuzoio acid, produced bv 
the action of fuming nifrie acid on toluene (hydnde of benzyl). It was first observed 
byGl0nardandBoudault(Anu. Oh. Pharm. xItoi. 344), who however assiened to 
It the formula (?'W(Ar(P)(3* Ksqher obtained it as a secondary product m piwaring 
.nitrobenzene from benzene mntainiug toluene By agitating the crude nitfobonzen! 
thus obtained with dilute soda-ley, and neutralising the alkaline solution with hydro- 
cUonc acid, the acid separated in flocks, which were piu-ifled by recrystaliisation with 
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addition of animal charcoal. Wilbraud and Beilatein saturate fuming nitric acid linth 
toluene, beeping the hquid cool ; hod the mixture for four or five days with excess of 
uitno acid; dilute the liquid with water, distil off the greater part of the nitric acid 
and the unattacked toluene ; agitate the residue with dilute ammonia ; supersaturate 
with nitric acid, and purify the separated mtrodracylic acid hy repeated solution in 
ammonia, precipitation with acid, and recrystaUisatioa from sleonol. The mother- 
hquor retains a more soluble acid, not yet examined. 

Nitrodracylio acid crystallises from solution in yellowish laminse^ and sublimes in 
slender needles. It is easily soluble m alcohol, ether, and boding water ; melts at 240° 
(mtrohenzoio acid at 127°). By the action of sodium-amalgam (on the sodium-salt), 
it is converted into aeodraeylio aaid, C^H'WO* (Reichenbach and Beilstein. 
Bilfinger). See Aepbndix. 

mtrodracylate of Ammanimt,, 2H’0, crystsUises in faint rose- 

coloured very efflorescent laminae ^Wilhrand and Beilstein). On saturating an 
amrnoniacal solution with aulphydnc acid, and addmg acetic acid to the filtrate, a crys- 
talline precipitate is formed consisting of oxydraoylamic acid, C'H'NO* or 
I O’ oxyhenzamicacid (Fischer), The same acid is produced 

by treating mtrodracylic acid with tin and hydrochloric acid (W. and B,). See Oix- 
DBAovLAmo Acrn, 

NttrodraoijlaU of Banxm, 0'*H;‘Ba"(NO*)*O‘.6H“O, crystaUises in traneparent 
yellow prisms (W and B.), the calcmn-salt m colourless needles containing 
C'<H''Ca’'(N0“)=0*,8H20 (W andB ), in splendid large tables, 0»E«Oa"(N070< 9H'0, 
which give off 8 at. water over oil of vitriol, and the remainder at 160° (Fischer). 
[Nitrobenzoate of calcium crystallises, according to Fischer, in indistinct, nodules with 
2 at. water, which it gives off between 130° and 190°.] 

The lead-salt, 0‘*'R‘Fh‘'(SO^y0\ crystaUises in needles (W and B.; Fisohar); 
the magnmim-salt in thick rhombohedral crystals (W. aud B ) ; the silver-salt 
in needles (Fischer, W. and B.); the sodmm-salt in large yeUow prisma CW. 
and B.) 

xrXTBOSBAOVIilC ETHERS. The ethylia etlier, C’H‘(C=H*)(210«)0', 
obtained by treating the aloohoUc solution of the acid with hydrochloric acid gas, 
orystallisos from alcohol in large inodorous lanuntc, molting at 67° — The methylio 
ether, 0'H’(CH*)(N0®)0^ forms nacreous lamince melting at 96°. (Wilbrand and 
Beilstein, loo. oit.) 

HITROERYTHROKAiririTB. Nitrocrythnn. See ERyTimoiiiAninTn. 

M-ITROBTHYEIC acid (0I-)‘ C«HW0’. (Frankland, Phil. Trans. 
1867, p. 69 , Cham. Soc. J xi, 89 ) — ^This acid is obtained as a zmc-salt, 0*H"’Zn"N'‘0*, 
hy the combination of 4 at nitric oxide (NO) with 1 at zino-etliyl (C'‘H"’Zn"). 
When zino-ethyl, either pure or dissolved in ether, is passed up hy small quantities 
into dry nitric oxide confined over mercury, the gas is absorbed slowly, but com- 
pletely and in large quantity, without the production of any other gas. The solution 
may ho accelerated by agitation At the end of one to four days, rhomboidal crystals 
of a zino-salt begin to be deposited, and increase in number tiU the liquid fluaily 
solidifies. 

[For a description of the mode of preparing it in larger quantities, see the memoir 
above cited , also Qmehn’s Handbook, xii 666 ] 

The salt obtained as above is a compound of dinitroethylate of zinc with zinc-ethyl, 
C-‘II'‘'Zn"N'0-' Zn"(C“H*)“. It dissolves in anhydrous ether, and separates from the 
solution in largo, colourless, transparent, rhomboidal crystals, which instantly become 
opaque on exposure to the air, owing to the formation of an oxidised product Heated 
to between 180° and 190° it gives off a mixture of carbonic anhydride, ethylene, hydride 
of ethyl, nitrogen, and nitrous oxide. 

A basic dinitroethylate or oxy-dinitroethylate of zina, G*H'‘’^uN*0'‘ ZnO, is 
obtained hy treating the preceding salt with water, whidi decomposes the zmc-ethyl, 
with evolution of hydride of ethyl and formation of oxide of zinc. The oxy-dmitro- 
othylate remains dissolved in the water, and on passing carbonic anhydride through 
the solution, carbonate of zinc is precipitated, and a solution is obtained which when 
evaporated to dryness, yields neutral dinitroethylate of smo, as a radiated crystalline 
mass composed of C^H'‘’Zn"N^O^H'0 ; and this when heated to 100°, yields the an- 
hydrous salt, which takes fire at about 300°, burning with a beautiful bluish-green 

JDiniiroethylic acid is obtained m dilute aqueous solution hy decomposing a diliito 
solution of the zinc-salt with sulphuric acid and distilling in a vacuum, or hy decom- 
posing the barium-ealt with just sufficient sulphuric acid to precipitate tlie base. It 
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has a pungsnt odour, reddens litmus strongly, and is very unstable, decomposing 
gradufdly even at ordinary temperatures, and rapidly wheu shglitly heated, mth evolu- 
tion of ^sea and white vapours 

fChe dinitroethylates are all soluble in water and in alcohol, and most of them crys- 
tallise with more or less difficulty. They are all violently acted on by stiong uitine 
acid, the dinitroethylic acid being decomposed and a nitrate of the base produced. 
Dilute nitric acid acts in a similar way, but more slowly. They all melt at a little 
above 1 0O°. The potassium-, sodium-, calcium-, and barium-salts deflagrate explosively 
like loose gunpowder, at a temperature eonsider.ibly below redness. 

Mmiroethylaie of Sanum, C'H'“Ba'TSr^O', prepared by treating the zino-salt with 
excess of oaiietie baryta, removing the exeess of baryta by carbonic adid, &c., is neu- 
tral, unorjstallisable, very deliquescent, and very soluble in water — The caloium-salt, 
C^H’'’Ca"K^0h3IT‘0, prepared like the barium-salt, crystallises in silky needles which 
give off 2 at water at 100° By distillation with othyl-.sulphate of potassium it 
.ippears to yield dmitroethylate of ethyl — The coppcr-Mlt, 2C^H'"Cu"N*0‘ H=0, 
prepared from the barmm-sdlt by double decomposition, forms a solution of a splendid 
purple colour, which, by evaporation in a vacuum, yields purple four-sided needles 
seieral inches .long, — The Magnemmrsalt, 0*H'‘'JVrg"N<0'', prepared by decomposing 
Che zine-salt with magnesia, separates from the solution, when ooueenti’ated over a 
water-hath, in granular crystals which melt at 100°, aud dry up to a solid amorphous 
muss consisting of the anhydrous salt.— The silver-salt, 0*Bf*AgN®0“, prepared like the 
copper-salt, is very soluble in water, and crystidbscs in very light scales, which are 
rapidly decomposed on exposure to light A compound of this salt with nitrate of 
sliver, C'‘H*AaN“0“ AgNO", is obtained as a eryetallo-gi-amilar, sparingly soluble pre- 
cipitate, on mmng concentrated solution of dinitroetliyUte of zinc, and nitrate of silver, 

mrlXBOBUaiAWTHlC acid. See Euxahthio Aom (u. 610) 

OTITKOPEKBIcyAlIlDEa. Xitroprussides. (See C'ykNiDES op Ibopt, li. 
2S0.) 

WSTaOFOIRia. See IflTROMETniDES. 

SHTaOFBAKrGDMO ACID. See Fr4.ngui,ik (ii. 707). 

EritPROOBW. Aaote. Gas aaote. SHckluft Stiolstojf A tonne "Weight, U. 
Symbol, N. — This element was discovered by Eutherford in 1772, Lavoisier 
subsequently aseerlained that atmospheric air is composed of oxygen aud nitrogen 
gases, the latter of which ho called aaote, ftom its incapability of supporting life (o and 
faiS?). Oh a^tal afterward.s gave it the name miiogen, &'om its entering into the com- 
position of nitre, nitric acid, &c. 

Nitrogen constitutes about one-flfth of the volume of the atmosphere. It occurs 
also in the free state m the aar-bladders of flsh, and in otlier cavities of the bodies of 
animals and vegetables In combination it occurs m native nitrates and iimmo- 
niacal salts, and in avast number of organic compounds, especially those belonging to 
the animal kingdom 

Pr^araiion. 1 From the Air . — ^Nitrogen may be separated from the air by burning 
in it any substance which forms with the oxygen a product that can easily be removed. 
Thus when phosphorus burns under a beU-jar standing over water in the pneumatic 
trough, phosphoric add is produced, and is quickly absorbed by the water, wliioh then 
rises into tlie jar till it fills about one-llfth of the space originally occupied by the air. 
The remaining gas, after being well shaken several times w'lth fresh portions of 
water to remove the last traces of phosphoric neid, consists of nitrogen contaminated 
only with aqueous vapour and a trace of carbonic anhydride "V^on the gas is required 
quite pure, a better method of obtaining it is to pass am previously freed from ciirbonio 
anhydride by caustic potash andfrom aqueous vapour by oil of ntriol, over ignited metalho 
copper ; the oxygen then enters into combination with the copper and the nitrogen, may 
be received m a vessel exhausted of air Or air from a gas-holder may be passed 
tliTOugh a large bottle filled with a mixture of moistened sawdust aud precipitated oxide 
of iron which has been converted into sulphate of iron by a cuirent of aulphydiic acid 
gas. After its transit through thisvessel, the mr, depriied almost entirely of its oxy- 
gen, should be passed through a sei - rr * -t- . .a_.. . ^ __ 

of pyrogaliate of potassium a caustic 

oxygen, the last two containing o I ' i '■ i 

is a very convenient method in practice, as the sulphide of iron may be ^restored to 
efficient activity an indefinite number of times by passing sulphydric acid gas through 
the coutanung vessel, 

2. From Ammonia and its salts — «. By passing chlorine through aqueous ammoma: 

4NH” -e Cl> ». N -t SNH'CL 
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Q?1i 6 liberated faitrogea may be freed from adhering ammonia by washing with sulphurie 
acid. Care must be taken to keep the ammonia in considerable excess, as otherwise 
the dangerous compound, chloride of nitrogen, may be formed by the action of the 
chlorine on the aal-ammomao According to Anderson (Ohem News, t. 246), tlje 
nitrogen obtained by this method is always mixed with oxygen. 

6. Solution of mtrite of ammonium when boiled splits up into water and nitrogen, 

= affO + bl- But as this salt is difficult to prepare, it is better to sub- 
stitute for it a mixture of sal-ammoniao and nitrite of potassium 

NH^Cl + KNO* = KOI + 2IFO + N. 

This is the easiest of nil methods of obtaimng pure nitrogen The solution of nitrite of 
potassium may bo prepared by passing nitrous auhydride, evolved from starch and 
nitric acid, mto solution of potash of specific gravity 1 38, till it acquires a decided 
acid reaction, when it is to be neutralised by further addition of the alkali. This solu- 
tion undergoes no change by keepmg, and when required to yield nitrogen, must be 
mixed with three times its volume of a concentrated solution of sal-ammoniae. 

7. Nitrate of ammomum heated m the dry state with sal-ammonhic also yields 
nitrogen, together with ehlorme, which may be absorbed by alaked lima or caustic 

2(3iiH*)NO« + NffCl - N» + 01 + 6ffO. , 

Nitrogen may also be obtained fiiom nitrate of ammonium by dipping a piece of 
metailio zino into the fused salt 

S. Or it may he procured by saturating oil of vitriol with nitric oxide gas, adding 
sulphate of ammonium, and heating to 130®. 

3. From Atimal suhsianoes , — ^Muscle and other animal substances gently heated 
with dilute nitric acid give off nitrogen, together with a little mtrio oxide, which may 
be removed by passing the evolved gas through a solution of ferrous sulphate. 

Properties — Nitrogen is a colourless nneoudensahle gas, of specific gravity 0 972 ; 
tasteless, inodorous, and without action On vegetable colours. It is sparingly soluble 
in water, 100 measiues of which at 16® dissolve only 1| measures of nitrogen (See 
flASDS, Absobption OP, 11 796 ) It is meomhiistible, and does not support the com- 
bustion of ordinary combustibles (sulpbur, pbosphorus, carbon, hydrocarbons, &o ) It 
may be breathed for a short time, but does not support respiration. It is not poisonous, 
but an animal immersed in it dies, simply for want of oxygen Its function in the at- 
mosphere, as regards combustion and respiration, appears to be meiely that of a diluent, 
preventing the too rapid action that would take place m an atraosphero of unmixeil 
oxg. 

the free state, nitrogen exhibits for the most part but little cbemioal activity. 
The metals titamwm, tantalum, tungsten, and probably a few others, eombme with it 
however, and even bum in it, and under certain circumstances it maybe made to unite 
directly with hydrogen, oxygen, and carbon Thus whop a long series of electric sparks 
is passed through a mixture of oxygen and nitrogen gases standing over a solution of 
caustic alkali, combination slowly takes place, and a nitrate of the aUiali-metal is pro- 
duced Traces of nitric acid and nitrate of ammonium also result from burmng hydio- 
geu gas mixed with nitrogen in an atmosphere of air or oxygon. Nitrogen and 
hydrogen can also unite, when one or both the gases are in the nascent state, to form 
ammonia (i. 182). The direct union of carbon with nitrogen to form cyanogen, takes 
place when nitrogen gas or atmospheric air is passed over an ignited mixture of charcoal 
and potash or baryta. (See CTANinns, u 198, 239 ) 

The alight affinity existing between nitrogen and other elements gives a peculiar 
character to its compounds, many of which are extiemely prone to decomposition, C g, 
the azotised principles of the animal and vegetable organism. Many nitrogen- 
compounds also, especially those which contain tlio oxygenated radide nitryl, NO'', are 
highly explosive. 

Nitrogen belongs to the pentad group of elements (lii. 967), including also phospho- 
rus, aisenie, antimony and bismuth. It enters however mto combination with other ele- 
mimts m several proportions ; thus there is a complete senes of oxides of nitrogen, m 
■which the ratio of the number of mtrogen-atoina to that of the oxygen-atoms ranges 
between the limits 2 • 1 and 2:5, and Griess has shown that in a vanety of organio 
bodies, a single atom of nitrogen may be substituted for 1 or for 3 atoms of hydrogen 
In ammonia and its numerous substitution dcnvatives, a single atom of mtrogen is united 
witli 3 atoms of hydrogen or of radicles equivalent thereto , in the ammonmm-salts and 
their analogues, on the other hand, an atom of nitrogen is united with 6 .atoms of 
hydrogen and other monatomic elements, or with equivalent quantities of poly.itomio 
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elements ■ e.ff. oMoride of mmno^um. k{H; , sulphate of ammonium, 
orthophoaphata of ammonium, 

BTITROOEN', BOSISB OP. See BoiWN, Biteidh of (i. 635). 


KrXTBOOBir, SROIKIDE OP. HBr*? — Formed by decomposing chlondo of 
nitrogen with aqueous bromide of potassium. Dense blackish-red, very , volatile oil, ' 
having an odour like tkat of the chloride, and exploding violently by contact with 
phosphorus and msenie. (Millon, Ann. Ch. Phys bdx. JS.) 

TTXTHOGSSXT, CKZiORIOB op. NCP?— This highly explosive compound was 
discovered by Dulong in 1812. It may he prepared : 1. By filling a bottle carefully 
cleaned and freed from every trace of gi easy impurity, with chlorine gas, and inverting 
It over a leaden chsh containing a weak solution of some ammoniacal salt, a solution of 
Ipt. sal-ammoniac in 12 to 16 pts. water being generally employed The chlorine is 
then gradually absorbed, while yellow oily drops of chloride of nitrogen form on the 
Surface of the liquid, and soon fall to the bottom. The reaction is — 


NffCa + 01“ = 4HC1 + NOP. 

2. 'When a small lump of sal-ammoniao is suspended in an aqueous solution of 
hypocldorous aoid, tlie same compound is deposited, being produced according to the 
reaction . 

NE^Cl -b 8HaO = HCl + 3H*0 + NC1». 

This 13 a hettermode of preparation than the former. 

Chloride of nibogen is a thin yellow oil of specific gravity 1'663. It volatilises 
quickly in the air, gmng off a peculiar penetrating odonr, and attacking the eyes 
strongly. When heated to nearly 100°, or when treated with any oil or fat, or with 
turpentine, phosphorus, and many other substances, it decomposes with an extremely 
violent though local explosion. A single drop of it exploded on a glass or poroelain 
dish, shatters the vessel to atoms. By hydroolilono, snlphydric, or sulphurous acid, it 
IS decomposed without explosion, and these reactions afford the means of uualysing the 
compound. The resnlls of different chemists who have examined it do not, however, 
agree, Aeording to Bineau (Ann. Ch. Phys. [3] xv 71) it has the formula NOl® ; 
according to Millon (Ann. Oh. Phys. [2] Ixix. 76), it is N“H«0F = N01>.2NfP, 
according to Gladstone (Ohem, Sec. Qu. J. -ni. 61), N^Ha* = NCP.HHCP. The 
reaction with sulphurous acid is, according to Bineau’s foMiiula, 

NOP + SU‘BO’ + 3KK> = NH^HSO* + 2H=S0‘ + SHCl; 
according to Gladstone’s, 

N^HCP + 6HW + 6H*0 « 2(NH*H.SOi) + 3H»80‘ + 6H01 


NXTRoaER', OKEOROPBOSEHXEE OP. NPC1“. See Phosphoots, Cnio- 
JlONlTnrDE OP. 


HXTBOCEKT, CHEOROStTLPBXOE OP, NS’Ol or N*S», SCI'.— When tlie 
compound 2NH?.iSCl' (obtained by bringing ammoma-gas slowly in contact with 
protosiilphide of cMoiinc) is heated for some hours to 100° in a glass tube, it is 
converted into a yellow mixture of sal-ammoniae and ohlorosulphide of nitrogen : 
2(2NH»Sa') = SNH'Gl -b NS'Cl. 

On heating this mixture, sal-ammoniac is given off, and the chlorosulphide of nitrogen 
IS resolved into nitrogen, sulphur and disulphide of chlorine — 

2NS'C1 = N' -b S’‘C1= + S'. 

The same mixture dissolves completely in water, and tlie solution, which is yellow at 
first, becomesturbidaftBrawliileandslowlydepositsahrown powder, and is then found 
to contain sal-ammoninc andhyposulphiirous aoid, with a toace of sulphydric aoid. The 
principal reaction may be expressed by the equation • 

NS'Cl -b 3H'0 ~ NH'Cl -b H'S'O'. 

The brown powder appears to be composed of 7 at sulphur, 3 at. hydrogen and 3 at. 
nitrogen, with n trace of chlorine 

de is passed through a hot solution of sulphide of nitrogen 
le, a small quantity of chlorosulphide of nitrogen sublimes 
'Stills. The compound thus prepared gives a blue colour 
Iran, Ann Ch. Phys, Ixmi. 87, 101. fee also Gmebn’t 


....en carbonic nnhydri 
in protosiilphide of ehlorii 
after a while in yellow erj 
with iimmoiiia. (Sonho 
Handbook, u. 476.) 
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SriTBOaEKT, BBTBCTIOW AWD EB'XXiaAIZOlt OF. Beaatzom.—lhe 
properties of nitrogen in the free state have bean already described. They are 
essentially negative A gas wbich does not burn in the air or support the combustion of 
a taper, which has neither an acid nor an allcaline reaction, docs not render lime-water 
turbid, and is not absorbed by caustic alkalis or by acids, may be pronounced to bo 
nitrogen. In like manner, in examining a gaseous mixture, after idl the absorbable 
gases have been removed by appropriate reagents, hydrogen and hydrocarbons by ex- 
plosion mth oxygen, and oxygen itself by explosion with hydrogen, the residual gas cau 
consist of nothing but nitrogen, and its volume may be determined by direct measure- 
ment. (See Anaxtsis (V olumtbic) op Gasbs, i. 273, 280, 286 , also Atmospheee, i 536i) 

The methods of detecting and estimatmg nitrogen m liquid and solid compounds in 
which it IS associated with carbon and hydrogen, viz in organic hodies, have been 
already fully described m the article Ahauvsis, Oboamio (i. 226, 239). The method of 
calcination with soda-lime may also bo apphed to the deterrainatiou of .nitrogen in 
many inorganic compounds, e g. the nitride of boron (i. 636), and certain metalhc 

Nitride of boron may also be analysed by mixing it with a known weight of pure 
oxide of lead, drenching the nuxture with nitric acid, evaporating it to dryness, and 
calcining it in a platinum crucible. The excess of weight of the residue over the 
original weight of the lead-oxide gives the quantity of boric anhydride produced by 
the oxidation of the boron, whence the amount of boron in the compound may he cal- 
culated, and the nitrogen determined by difference. 

Nitride of phosphorus maybe analysed in a similar manner, or by heating 
it to redness in a stream of hydrogen, whereby the nitrogen is converted into ammonia, 
which may be condensed in hydrochloric acid, and estimated as platinum-salt 

Sulphide of nitrogen is analysed by oxidising the sulphur with uitne acid, or 
■with hydrochloric acid and chlorate of potassium, or by dissolvuig the compound in 
dilute potash, aud oxidismg with hypochlorite of potassium. The sulphuric acid thus 
formed is precipitated by a barium-salti the quantity of sulphur thence calculated, and 
the nitrogen determined by difference. 

Tlie compounds of nitrogen with ohlorin e, bromine, and iodine, may be analysed 
by decomposing them with liydroohlowe, sulphydrio or sulphurous acid, and deterrainmg 
the quantities of ammonia, and of hydrochlonc acid, &c, thereby produced (see iil. 
281, and IV 6i). 

The nitrogen in metallic nitrides may, in most oases, be acciuiately determined 
by Igniting the compound, reduced to very ■fine powder, with oxide of copper in a com- 
bustion- tubs The metal is thereby oxidised, and the nitrogen is given off as gas, which 
may be collected and measmud. It does not appear that any oxides of nitrogen are 
formed during the combustion. If the compound also contains hydrogen, that clement 
will he converted mto water, which may be condensed in a chloride of calcium tube, as 
in organic analysis In some oases exact results may be obtained by ignitmg the 
nitride m a current of air or oxygen — whereby the metal is oxidised, while the nitrogen 
escapes — weighiug the resulting oxide, thence determining the amount of metal, and the 
nitrogen by difference. 

Another method of decomposing metallic nitrides is to ignite them in a state of 
exti'omely fine di-nsion in a stream of 'hydrogen gas The nitrogen is then converted 
into ammonia, which may be condensed in nydroohlorie acid, while the metal remains 
m the free state If an oxide is likewise present, water will bo formed; and if it be 
condensed by cbloride of calcium or hydrate of potassium and weighed, its weight will 
give by calculation the quantity of oxide present m the metallic compound. There are 
a few met.illio nitrides wluch are not decomposed by hydrogen , such is the coso with 
nitride of ohromium. 

The method very frequently adopted for analysing metahio nitrides is to fuse them 
in the state of fluo powder with hydrate of potassium or soda-lime, whereby the 
nitrogen is converted into ammonia. Some mtrides, however, are not coomletely 
decomposed by this treatment, and nitride of chrominm resists it altogether, whether 
the decomposition of those nitrides would bo assisted by addition of sugar, as m the 
analysis of certain organic nitrogen-compounds (i. 246), is a pomt which does not 
appear to have been ascertained by experiment. 

The quantity of metal in the more refractoiy metallic nitrides maybe determined by 
fusing the compound with a mixture of alkaline carhonate and nitrate, whereby the 
nitrate is oxidised. These compounds may also be oxidised by digestion m a strong 
solution of an alkaline hypochlorite, the nitrogen being at the same time given off us gas 

Lastly, these more refractory nitrides may be analysed by fusion with amd svipTiatc 
of potassium. This method has been applied by 'Wohler to the analysis of tlie ciystals 
' of nitrocyanide of titanium found in iron smelting furnaces (n. 273). The ciystals, 
reduced to fine powder, were dissolved by fusion in the previouslv melted salt 

VoL. r\". F 
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contained in a smallretart, the evolved gases, consisting of nitrogen, carhonie anhydride 
(from the cyanogen) and sulphurous anhydride, were passed through a tube containing 
lumps of potash, to absorb the last two gases ; and the nitrogen was collected and 
measured (see Eose’s OUmw Analytiqm, ii. 1081). 

It is often of importanoe to detect and estimate the presence of very smaU quantities 
of nitrogen in mefijs, inasmuch as the peculiar properties of certain metals prepared 
hy particular proeessea, are sometimes attributed to the presence of these minute 
quantities of nitrogen. Thus the difference in quahty of various kinds of steal has 
been partly attributed, hyFrdmy and others, to the greater or smaller quantities of 
nitrogen contained in them. On the other hand, a series of experiments recently 
made hy Messrs. Stuart and Baker (Ghem Sec J. xvii. 390), in which different 
kinds of steel in a state of ver^ minnte division were ignited in hydrogen gas, have 
shown that when proper precautions were taken to prevent access of nitrogen from the 
air or other extraneous sources, the quantity of ammonia formed is almost impercep- 
tible ; hence they consider it probable that the small quantities of nitrogen found in 
steel by other observers may have been duo to errors of experiment, and at all events 
that the existence of nitrogen in steel cannot he regarded as proved. Pr^my, however, 
does not consi,der the method of ignition in hydrogen as well adapted for the precise 
determination of the quantity of nitrogen contained in steel, but is of opinion that the 
only method capable of yielding trustworthy results is the direct oxidation of the steel 
hy combustion, as in organic analysis, and the determination of the nitrogen by 
measurement. (Pelouze et Fr4my, ^aiU, 3me Ed. iii 412.) 

The oxides of nitrogen are analysed either hy exploding them with hydrogen 
(i. 28S), or by ppsiiig them over red-hot copper, which removes the oxygen and leaves 
the nitrogen. When carbon and hydrogen are likewise present, ns in organic com- 
pounds, the substance must be burnt with oxide of copper, and the evolved guses passed 
over red-hot matallio copper (i 242) 

Tile methods especially adapted for the analysis of nitrates and nitrites will be 
described further on (pp. 71, 84). 

Atomic Weightof N%trogen . — The weights of equal volumes of hydrogen and 
nitiogen at the sumo pressm'O and tomporuture are, according to Eegnault’s experiments, 
as 1 : 14 06 ; hence, on the assumption that equ<il volumes of elementary gases contain 
equal numbers of atoms, the atomic weight of nitrogen should be 14 06. 

Svanberg (Bera Jaliresb xxii 39), by the analysis of nitrate of lead, obtained for 
nitrogen the number 13'96 , Penny (Phil. Trans, cxxix 13), ftom the analysis of 
nitrate of sodium, found N = 1 1 02 

The experiments of Pelouze (Compt rend xx. 1047) and Marignao (Ann. Ch. 
Pharm. Hx. 289), on the quantity of chloride of ammonium required to precipitate 1 pt. 
of silver from its solution in nitric acid, give — ^if Ag = 108, .ind Cl - 3fl 6 — as a mean 
result, N = 13-90, and if Ag = 107 98, Cl =. 3fi 46, then N = 1'4 01 —Marignao lias 
further determined the weight of nitrate of silver produced by treating a known weight 
of matalUo silver with nitric acid. 100 pts. silver gave, us a mean of five experiments, 
157 2 pts nitrate- hence (for Ag -= 108) N = 14. Stas (Ann. Ch Ph.irm, Suppl. 
1 . 02)by the same method found N = 14 041. — Lastly, Marignao finds that 100 pts. 
chloride of potassium require for complete decomposition, on the average, 227 9 pts 
nitrate of silver (max. 228-09 ; mm =. 227 81), whence if Ag = 107 98, Cl = 35-46 
and K = 39 11, we find N = 14-03. 

These several results differ about equally in excess and defect 6om the whole num- 
ber 14, which is accordingly received as the true atomic weight pf nitrogen. 

SriTROGESr, lODIDB or. See loDAMiDES (iii 280). 

NITROGEN, OXIDES AND OX-S-GEN-ACIDS OP. Nitrogen forms a 
very complete series of oxides, as represented m the following table : 

Protoxide or Nitrons oxide N’^O 

Dioxide or Nitric oxide N®0* or NO 

Trioxide or Nitrous anhydride N'0“ 

Tetroxide or Nitric peroxide , , . . , N^O^ or N0“ 

Pentoxide or Nitric anhydride . . . ' . N'^0“. 

All these eompoimds may bo produced directly or indirectly from nitric acid and re- 
converted into it. The three higher oxides are decomposed hy water, yielding the 
corresponding acids, thus; 

N’0» -t ffO = 2HNO’ 

NUrous acid. 

N'0< + ffO ~ HNO» H- HNO>’ 

Niitoas acid. Nitric acid. 

N^O“ + H’O = 2HNO® 

Nitiic acid. 
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NITROUS OXIDE. 

Peotoxidb OB NmaoaBN or NiTEotra Osidh. N’O. 

Thia compoimd, wliich. is gaseous at ordinary temporaturas, was discovered by 
Pneatley m 1776, and minutely examined by Davy m 1800, who first noticed the 
lively stimulating eiFects produced by its irdialation, whence its popular napie cf 

formation and Preparation. — 1. By gently heating nitrate of ammonium in a flask 
or retort to a temperature not exceeding 260°. The salt puts on the appearance of 
ebuUition, and is entirely resolved into water and nitrous oxide : 

(NHONO* = N’O + 2H?0. 

The gas may be collected over bnne, warm water, or mercury. If the temperature of 
the fused salt it allowed to rise too high, a more complex decomposition ensues, 
attended with the evolution of white fumes of nitrate and nitrite of ammonium, and of 
nitrogen, nitric oxide and ammoniacal gases. Moreover this deeompositioh is some- 
times attended with explosion. If the gas is to be used for inhalation, great care must 
be taken to ensure that the nitrate of ammonium used is free from sal-ammoniac, 
otherwise the product wiU be contaminated with chlorma. 

2 When granulated zuic is acted upon by nitric acid ddutod with eight or ten 
times its volume of water, very pure nitrous oxide gas is slowly evolved . 

lOHNO* + Zn* = iZnCNOD’ + 6H’0 + N’O 

3, Nitrous oxide may also be obtained by decomposing nitric acid or a nitrate with 
a solution of stanuops chloride m hydrochloric acid ; by acting upon sal-ammoniac 
witli nitric acid of speciflo gravity 1'2 ; by slowly passing nitric oiade gas through a 
solution of sulphurous acid or au acid sulphite , by decomposing nitrosulphate of am- 
monium , and by many other reactions , but when reipitred in (quantity, it is always 
prepared from nitrate of ammonium. 

Properties. — ^Nitrous oxide is at ordinary temperatures a colourless, feebly refirangi- 
ble gas, of speciflo gravity 1 ^ = - '~a ~ * 0'0693^ . It has a faint agreeable 

odour and sweetish taste. When respired for four or five minutes, it produces a lively 
intoxication, often attended with a disposition to muscular exertion and violent 
laughter Animals immersed in it become restless and die after some time. It is 
somewhat soluble lu water, 100 pts. of which absorb ISO volumes of the gas at 0°, 
78 vol at 16°, and 61 vol at 24°. (See Gisns, ABsonnioN op, ii. 796.) It also 
dissolves in ether and in the fixed and volatile oils. NeitJier the gas nor any of its 
solutions has any action upon vegetable colours 

Nitrous oxide may be reduced to the liquid and to the sobd state The hquid is 
obtained by heating perfectly dry nitrate of ammonium at the end of a bent glass tuba 
hermetically sealed, till the whole has distilled over to the cold end, then this end 
is heated, and so on two or three times till the greater part of the salt is decomposed. 
In the cooler end, two strata of liquid condense, the lower of which is water containing 
nitrous acid and nitrous oxide in solution, the upper liqmd nitrous oxide. The 
apparatus is very liable to burst with extreme violence, so that the greatest eaution is 
required in using it (Faraday). The liquid compound may also bo obtained by 
mechanical compression of the gas. (Natteror, Fogg Ann in 132) 

Liquid uitroub oxide is colourless and very mobile Its specific gravity at 7°, and 
under a pressure of 60 atmospheres, was found to be 0'908 It boib) at about — 88°. 
A single drop of it placed upon tbe hand produces a wound like a bum. Metals dipped 
into it make a hissing noise, like that produced by quenching red-hot iron m water 
Potaasium, charcoal, sulphur, phosphorus, and iodme float on its surface without 
alteration Ignited charcoal burns on its surface with a vivid light. It is miscible with 
ether and alcohol Sulphuric and nitric acid are immediately fi'ozen by it Water 
also freezes, but at the same time causes the hquid nitrous oxide to evaporate with a 
degree of rapidity almost amounting to explosion. According to Faraday, nitrous oxide 
IS the least refi'activs of all liquids 

By exposing liquid nitrous oxido to the cold produced by a bath of solid carbonic 
anhydride and ether ( — 100° G or — 148°F ),thBOompoundiar6due6d to the solid state. 
Agtun, when hqmd nitrous oxide is allowed to escape into the air, by opening the stop- 
cock of the vessel in which it has been condense^ the first portion which escapes is 
reduced to the sobd state Solid nitrous oxide is a white snowy mass which, when 
placed upon the hand, melts, evaporates suddenly, and produces a blister hke a burn. 
Mixed in vacuo with sulphide of carbon, it depresses the thermometer to — 140° C or 
— 240° F. (Natters r) 

decompositions —L. Nitrous oxide gas is resolved into, its elements hy a series of 
elcctrie sparks, or by transmission through a red-hot tube, 2 vol. of the gtis yielding 
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ara isauiag fcom an ixon pomt. An meandescent plntmuin eoU pioduces a more eom- 
nlex decomposition, attended with formation of red vapours. (B.uff and Hofmann, 
Ohem. Soe J. x. 279 ) 

2. Nitrous oxide forms explosive mixtures with many inflammable gases. When 
exploded with its own volume of hydrogen, it yields water and a volume of nitrogen 
equal to that of the original gas. 

N“0 + B? = ffO + N“ 

3 vol. svol. Svol. 

3 Nitrous oxide acta, like oxygen, as a suporter of combustion, but is distinguished 
from that gas by^ not forming r^ vapours when mixed with nitno oxide. A bright- 
glowing match introdneed into nitrous oxide, hursts into flame and bums with a 
briUianey almost equal to that which it exhibits in oxygen. Ignited carbon and its 
compounds inflame very readily in nitrons oxido gas ; hut other combustibles, 
phosphorus and sulphur for example, require to bo very strongly heated m order to 
Wn; the oombuation, however, when once estahlislied, takes place with great , 
brilliancy Sodtum heated in nitrons oxide takes tiro and leaves a volume of nitrogen 
equal to that of the original gas. Iron, emo, and other metals, in a state of ignition 
also continue to burn in nitrous oxide 

Dioxiob of Niteoobn or Nitbio Oxide, NO or N®0^ 


investigated if not discovered by Priestley, maybe prepared 

1. By acting on copper chpjiings or borings with nitno acid of specific gravity 1‘2, 
made by diluting the strong acid with about twice its bulk of water. Nitrate of copper 
is then formed, and nitric oxide evolved : 

8HN0> + On* - 3Cu(N0*)* + 4H*0 + N»0*. 

The reaction, if It does not take place at once, may he set np by the appMeation of a gentle 
heat! but the lower the temperature flie purer is the resulting gas. men strong nitrio 
aoid is used, or the temperature rises high, the nitno acid is contaminated with free 
nitrogen Other metals, lead, mercury, silver, and bismuth, for example, may he sub- 
stituted for copper m the above reaction, but with them a strong aoid or a higher 
temperature is required 


3.^ Nitrio oxide, more or less pure, is produced by many other reductions of nitrous 
or nitric acid; also by the oxidation of ammonia, as when that gas is passed over heated 
oxide of maagauese, 

Froperties and Beactions —TSIitna oxide is a colourless uncondensable gne of speciflo 

gravity 1 0395 i x 0'0693^ It is very sparingly soluble m water. 

According to Henry, 1 vol. water at mean temperature absorbs i of its volume of the 
gas _ According to Bunsen, 100 vol alcohol at 16° ahsoib 27 4 vol. of the gas. 

Nitric oxide combines directly with free oxygen, producing deep orange-'coloilted 
tomes of variable composition, but consisting m groat part of nitrio peroxide These 
red vapours dissolve in water, forming an acid solution, but nitric oxido itself is 
perfectly neutral to vegetable colours. Nrom the charaeteristio nature of tins reaetiou 
nitnc oxide may be advantageously employed to detect the presence of free oxygen m 
a gaseous mixture. It is nerassary to observe, however, that chlonne, in presence of 
wafer, produces the same eifeot with nitric oxide, inasmuch as it decomposes the 
water and seta oxygen free. This reaction was in fact one of those which were 
formerly adduced in favour of the theory which regarded chlorine as a comuound mis 
containing oxygen. Nitric oxide was fomerly used, espeeiiaiT by PrieBtley and 
Cavendish, to estimate the proportion of oxygen m the air or other gaseous mixtime, but 
the method is not eapahia of yielding exact results, on account of the difficulty of 
^taining nitno oxide perfectly pure, and it has long since Been superseded by more 
trustworthy methods In consequence of the rapid conveision of nitwc oxide into acid 


le air, its actual taste, smell, and respirability 
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Nitric oxicia is absorbed freely by nitna add, with probable eonveraion into nitrio 
peroxide aud formation of a deep brown, green, or blue liquid, according to the con- 
centration of the acid. It is likewise absorbed hy ferrous salts, producing a deep 
brown almost black coloration. The brown liquid thus formed contains 2 atoms of 
iron (at w, == 66) to each molecule of nxtric oxide, the formula of the compound being 
2F6 "i'50* no It gives up nearly the whole of the absorbed gas when heated, but 
becomes rapidly oxidised on exposure to the air. This compound is also formed when 
nitric or nitrous acid is added to the solution of a ferrous salt, and affords one of the 
most delicate tests for those acids (pp. 71. 82) Nitric oxide forms precisely similar 
compounds with ohronious salts ; it is likewise ahsorhed hy stannous and mcrcaroKs 
salts, and forms oiystallina componnds with stannic chloride, and with suljdmno 
add or anhydride 

Decompositions.— 1. Nitiue oxide is a very stable componnd, and if perfectly dry, is 
not decomposed hy a red heat, or by ordinary electnc sparks. Buff and Hofmann 
found, however, that it was slowly decomposed by the spark cuiTent of tlie mdnction 
coil Moist mtrio oxide is more easily decomposed by a succession of electric sparks 
into nitrogen and nitric acid.— 2 By moist iron iilmgs, smo filings, soluble sulphides, 
acid sulphites, stannous Monde, and other i educing agents, it is slowly converted into 
niti'ous" oxide, frequently aooompamed by ammonia — 3 Nitric oxide is completely con- 
verted into ammonia when mixed with excess of sidphgdnc acid, and transmitted over 
qiucklime.— 4 A mixture of moist iron filings and sadphur also reduces nitric oxide 
very completely, but chiefly to free nitrogen —6. Ordinary combustibles do not horn 
in nilrio oxide, but phosphorus and carbon, when introduced in full combustion, burn in 
the gas with great hrillianoy. — 6. With an equal volume of hydrogen, it forms a mixture 
whioU does not explode on the approach of a burning body, but burns quietly with ft 
greenish flame. — 7. Hour volumes of nitric oxide passed over red-hot charcoal are con- 
verted into 2 vol nitrogen and 2 vol carbonic anhjdride . N“0- + 0 =■ N® + CO* — 
5. Sulphur does not burn in nitric oxide, but a mixture of the^ vaiiour oi sulphide of 
carbon and nitric oxide gas inflames readily, producing a bright greenish flash of 
light — 9. Bed-hot iron decomposes nitno oxide, with liberation of half its volume of 
nitiogen With a coil of iron ivire rendered incande.scent by the electric current, the 
decomposition is easily and completely effected (Buff and Hofmann) Fottissiim 
and sodium effect similar decomposihone when heated sufficiently to bum in the 

^Nitrio oxide enters into several compoimds as a monatomic radicle (mtrasyl), replac- 
ing hydrogen atom. 'for atom, as in the nitrites, the general formula of whidh is 
|o. It has for the most part a chlorous rather than a basylous character, 
nevertheless it is sometimes capable of replacing basylous hydrogen, ns in chloride of 
introsyl, NOCI, and sulphate of nitrosyl, H(NO)SO* In nitrous ether, C*H‘'(N0)O, the 
nitrosyl may also be regarded as occupying the place of the basjlous hydrogen-atom of 
alcohol, C*H‘ H 0. According to Welteien, nitric oxide is sometimes hieqiuvalent or 
capable of displacing two atoms of .hydrogen, a view which is in accordance with the 
fact that It forms a mchloride, NOCB, as well as a protochlorido. (See Niteosvi..) 

Nxteous AsTHmniDB, Acn), aku Saits. 

irltrous anhydriae or Trloxide of nitrogen =. N*0*. — Wltroiis aold => 

ffO.N’O® or HNO*. Nitrous anbj dride is formed, together with nitric peroxide, when 
nitric oxide comes in contact with oxygen in atmospheric air. It may he obtained pure 
by mixing 2 vol nitric oxide with 1 vol of oxygen in a vessel surrounded by a freezing 
mixture capable of producing an intense degi'ce of cold A blue liquid is then formed 
which emits led fumes, and is decomposedhy water, yielding nitric acid and nitric oxide. 

3N*0» + 2H*0 = 2HNO’ + 4N0 t H*0. 
iijhe same liquid is more easily obtained by heating 1 pt. of starch with 8 pts of nitric 
acid of specific gravity 1 26, and passing the evolved gases, first through a drying 
tube two feet long containing fused chloride of calcium, and then into an empty tiilio 
cooled to -20° S’. ( — 93’6° 0.)hy immersion in a mixture of pounded ice and ciystol- 
bsed chloride of ealcmin. 

Nitrons anhydride (or perhaps the acid) niaji also he prepared by adding a small 
quantity of ice-cold water to liquid nitric peroxide surrounded by a freezing mixtimo. 
After me reaction of the two has taken place, distillation may he effected at a low 
temperature, and the product condensed in a U-tnbe immersed in salt and iee. 

At 0° and at lower temperatures, nitrous anhjdnde combines readily with water, 
forming a blue solution ; but at higher temperatures the mixture is decomposed, nitrio 
oxide being given off, and nitiic acid remaining in solution. The same decomposition 
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takes place 'when citrous aad is sat feee by the action of sulphurio acid on a nitrite, 
loe-cold acidified solntiona of nitrites however, that of potessium-nitnte with sulphurio 
acid, for instance, seem to contain undocomposad nitrous acid. Nitrons acid (or 
perhaps only the moist anhydride) is likewise obtained by the action of nitnc acid at a 
gentle heat on arsenions anhydride ■ 

As’^O’ + SH’O + 2HNO“ «= 2H’AsO* + 2HNO’ (or H=0 N“0»). 

Deep-brown vapours are then given ofiF, which when passed over ohlonde of calcium, 
give up their water and leave nitrons anhydride Similar vapours are given off when 
starch is treated with a large excess of nitric acid, of specific gravity 1'26 , bnt the 
process is attended with considerable frotbing, and oocasionaUy, when a stronger acid 
IS used, with explosion 

Nitrous ueid acts very readily both as an oxidising and as a reducing agent. Thus 
it reduces permanganic and (Jiromie acids to the state of manganous and chromic 
salts, and mercurous and auric salts even to the metallic state. On the other hand, it 
bleaches indigo by oxidation, hberates iodine from iodide of potassium, and converts 
ferrous into ferric salts, with production of nitric oxide. 

Nitrous add decomposes urea, with evolution of earhonic anhydiudo and nitrogen - 

CHWO + 2HNO'* = CO» + N‘ + 2ffO. 

When nitrous acid or the anhydride acts upon a hydrate, either acid, neutral or haay- 
loua, It frequently gives use to the formation of n 1 1 r o s o - c o m p o u n d s, in which an atom 
of hydrogen is displaced by an atom of nitrosyl, NO thus with alcohol, C®H“.H 0, it 
forms nitrous ether, C*H* NO 0. Its reactions with amides and amines are particularly 
remarkable, and differ according as the amide or amine is present m aqueous or in 
alcoholic solution • 

a, An aqueous solution of an amine or amide treated with nitrous acid or anhydride, 
yields the corresponding acid or alcohol, with evolution of nitrogen : thus 
C’H'O.H».N + HNO’ = C'H*0.H0 + H=0 + 

Beniamide. Benzole nild 

C«H*.mN + HNO» = C»H».H.O + H»0 + N’. 

Fhenylamlne. Flicnyllc alcohol. 

With larges psoportion of nitrous acid', amines yield the corresponding nitrous ethers; 
thus 

0‘H»E«N + 2HN0» = C’H»NO» + 2H'0 + N«. 

Ethylamlne Nitrite of ethyl. 

i. When nitrous acid or anhydride is passed into an ulcoholie solution of an amine 
or amide, a different or intermediate reaction takes place, attended with the formation 
of oompoimds in which 1 at. nitrogen displaces 3 at. hydrogen. Thus the double 
molecule of phenylamme reacts with nitrous acid or anhydride aecordiLg to the following 
equation ; 

O'OTW + HNO* = C'“H"N» + 2H“0. 

In like manner, a double molecule of oxybenzamic acid, C'H’NO®, treated with 
nitrous acid, yields an acid haimg the composition 0'*B'''N*0“' 

qhHhn^O* + HNO» = C“H"N“0* + 2^0; 
and similarly for other cases (See PHiiinn.AiimBi3, Oxt-aotsamo, Oxt-benzamo, 
OxT-cTOEENAina and OxTiommAiino Aems ) 

Trioxideof nitrogoniimtes with the tetrachlondes of tin and titanium, forming solid 
compounds which are obtained by passing the vapour of nitric peroxide into those 
clilondes The stannic compound has the composition SuCP.N'O*. (E. Weber, Poeg. 
Ann. cxviii. 471 ; Jahresh. 1863, p. 165.) 

leitrites. The normal nitrites have the composition M'NO“ ~ iTO 
= (:TO)’| as the metal contained in them is mono- or di-atomic. There 

are also nitrites containing M"NO* « ^ 1 0® or iS^N'O' = in which the 

three, atoms of metal denoted by the symbol M may consist of the same or of different 
metats, including hydrogen; thus there are basic nitrites of lead containing P'ii'N^O" 
and Pb"HNO®. There are also a few nitrites containing a still larger proportion 
of base, which may he regarded as compounds of tri-metallic nitrites with oxides or 
hydrates, 

Nitrites aro produced : 1. Sy the reduoiton of aifroto,— When nitrate of potassium 
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or sodium is strongly trated, oxygen is given and a mixture of nitrate, nitrite, and 
fiee allcall is left , similarly with the nitrates of barium, strontium and otheis. On 
dissolving the fused mass thus obtained in water, and adding nitrate of silver, a pre- 
cipitate of the sparingly soluble nitrite of silver is obtained, which may be puntled bjj 
solution in water and crystallisation ; and from this salt the other nitrites may be 
formed by double decomposition with the chlorides of the several metals. Nitrate of 
of lead boiled with metallic lead, yields a basic nitrite of lead, thus: 

(NO^SO’ + “ (NO)4o- 

2, By decampositwn of nitrio peronde vn presence of an alkcdine base : 

N-’0< + H=0 =. HNO" + HNO*. 

When the red vapours, chiefly consisting of pernitne oxide, evolved by distilling 
fuming nitric acid, are passed into a solution of e.instie potash or soda, a mixture of 
nitrate and nitrite is obtained, from which the nitrous acid maybe precipitated in the 
form of a silver-salt, as above. The same reaction takes place when the vaponra 
evolved on heating starch or aisenious acid with dilute nitric acid arc passed into aoln- 
tion of caustic alkali ; in this case, however, the vapours contain a considerable quantity 
of nitrous acid or anhydride, so th.it a larger proportion of nitrite is obtained. 

3, By oxidation of the lower oxides of nitrogen m presence of bases. — Nitrite of 
potassium is formed when oxygen gas is gradually added to nitric oxide standing over 
caustic potash solution, or when a mixtiue of 1 vol. oxygen and 4 vol. nitric oxide is 
passed through the same liqmd. Nitriles are also produced by passing mtrio oxide 
over metallic peioxides 

4, By oxidation of Ammonia, — ^Plahnnm-black quickly converts a mixtoe of 
ammonia and atmospheric air into mtiite of ammonium. A coil of heated pUtimim- 
wire introduced into a flask of air to which a few drops of strong ammonia have been 
added, also produces an instantaneous cloud of nitrite of ammonium Again, when, 
finely dinded copper is shaken up with moist ammomaeal air, both the copper and the 
ammonia are rapidly oxidised and nitrite of copper is formed. Nitrites are frequently 
found in the well-water of towns, the nitrons acid being probably formed m this case 
also by oxidation of ammonia. 

Reactions of Nitnies. — Nitrites are colourless or slightly yellow, and for the most 
part crystallisable The solutions of the potassium- and sodium-salts have an alkaline 
reaction (H Nose) Nitrites melt when moderately heated and solidify unchanged 
on cooling; but when strongly heated they are decomposed, ghiug off nitrogen and 
oxygen gases They detonate sharply whan heated with combustible bodies. The 
normal nitrites (MNO=) are aU soluble in water, the lead- and silver-salts however are 
sparingly soluble, so that the solutions of the more soluble mtrites give precipitates 
with lend- and silver-salts Heated solutions of nitrites exposed to the air, absorb 
oxygen and are converted into nitrates When boiled for a long time in a flask or 
retort, they are decomposed, yielding a nitrate, nitrie oxide and free alkah; e.g., 
SKNO’i + ffO = KNO« + 2KHO + 2NO. 

Nitrites act readily both as reducing and as oxidising agents. Acidulated solu- 
tions of nitrites decolorise permanganate of potassium, and gradually change the 
colour of aoid chromate of potassium to a gi'eenish-hlue ; they also reduce tri- 
ehlonde of gold and moreurous salts, giving with the former a brown precipitate of 
metallic gold, and with the Utter a grey precipitate of metafile mercury These 
reducing actions distinguish nitrites from nitrate.s. 

In their oxidising action, nitrites resemble nitrates, excepting that they act more 
readily, and in many cases without the presence of a free acid. Thus they give a 
dark-brown colour imth fei rolls salts without the addition of acid, whereas nitrates 
exhibit this effect only when the nitric acid is set free by addition of sulphuno acid. 
Acidulated solutions of nitrites produce at once a purple colour with starch and lodida 
of potassium, whereas pure nitrates do not exhibit this effect until the nitric amd is set 
free and partiuUy roducod to nitrous acid (p. 85) Nitrites in solution are further 
distinguished 'from nitrates by their behaviour with, certain metallic salts, giving white 
precipitates with lead- and silver-salts, and a yellow precipitate, which forms slowly, with 
cobalt-salts (i 1046) With aqueous sulphate of ooppii, they produce nitrite of copper 
which forms a very characteristic apple-green solution. 

Estimation of Niti ous acid — ^Nitrons acid is most correctly determined by oxidation 
with peroxide of lead, whereby nitrate and hydrate of lead exe produced, according to 
the equation : 

2PbO’ + 2HNO« = PbN’O* + PbHW. 
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A known quantity of the dried peroxide ia added to a dilute solution (1 grm salt in 
100 c. 0 . water) of the nitrite to be analysed, and the solution mixed with acetic acid 
diluted with 10 or 12 tmies its bulk of water ia warmed for 12 hours to 30° or 40°. 
The weight of the washed and dried residue girea the quantity of peroxide dissolved, 
whence the quantity of nitrous acid may he calculated, 1 at peroxide corresponding to 
1 at. mtroiia acid. (Pdligot. Lang. Jahresb. 1802, p. 5S1 ) 

Nitrous acid may he determined volumetncally by means of a atandai'd solution of 
nitrate of urea, each molecule of that salt, CH'N’^O HNO’, decomposing 2 molecules of 
nitrous acid, according to the eqimtion given on page 70, The solution of nitrate of 
urea is heated nearly to boiling, and the hqnid containing the nitrous acid or the 
acidulated solution of a nitrite is added drop by drop, tiU the solution produces a blue 
colour with stareH-paste mixed with iodide of potassium 

Nitrites may also he analysed by several of tho methods to be hereafter described 
for the analysis of nitrates, riz. by igniting the salt with oxide of copper or chromate 
of lead in a tube the fore part of which is filled with metallic copper, or by the volu- 
metric method with terrous ehlonde, tho decomposition taking place as represented by 
the equation , 

2Fe01’ + 2HNO’ + 2HC1 = Pe=Cl» + N'0= + 2H»0. 

Or the acid may be determined by loss, either by simple ignition of the salt, or by 
decomposing it with sulphuric ncid, sal-ammoniac, borax, or silica, &e. 

The amount of water in nitrites is best determined by combustion with chromate of 
lead or oxide of copper, and absorption of the water by chloride of calcium. 

Metallic 

Nithite op AitiioNinM. (NH')N0‘.H''0. — Obtained by double decomposition 
of nitrite of lead and sulphate of ammonium, or of nitrite of silver with chloride of 
ammonium, also by passing nitrous vapours into aqueous ammonia and evaporating 
over lime. It forms an imperfectly crystallised mass which is resolved by heat into 
nitrogen and water. Its aqueous solution is similarly decomposed, suddenly if acid, 
slowly if alkaline 

Nithitb of Ba-HI-dm. Ba"N*OhH’‘0.— Obtained by igniting nitrate of bariumat 
a moderate heat, precipitating tho free baryta from the solution of the residue by oar- 
bonioaoid, mixing the filtrate with alcohol to precipitate tho remaining nitrate, and 
evaporating to the crystallieing pomt (Fischer) Or by passing nitrous vapours into 
baryta-water, evaporating to d^ness, digesting the residue in a small quantity of water, 
which will dissolve the nitrite of barium and leave the uiideeomposed nitiute, and 
BVaponiting. It is permanent in the air, easily soluble in water and in aleoliol, and 
crystallises according to Fischer, either m needle-shaped hexagonal prisms, or in thick 
rhombic prisms of 71j°. 

Niteitb of Oadmitim, Cd''N’0*.H’0, is a sparingly soluhlo laminar mass which 
decomposes at 100° (Lang, J. pr. Chem. Ixxxvl. 296; Jahresb. 1862, p 99). — 
According to Hampe (Ann. Oh. Pharm. cxxv. 334, Jahresb 1863, p 160), the solu- 
tion evaporated in a vacuum leaves a viscid, deliquescent mass which when treated 
with water yields the basic salt 2Cd''0 N'“0" or Cd''O.Cd"N-Ob 
NiTsiTE OP Cat cium. Ca'WOAH'O.— Prepared by decomposing a boiling solu- 
tion of the silver-salt with lime-water, treating the filtrate with sulphydino acid, and tlion 
with carbonic acid to remove excess of silver and calcium, and evaporating at a gentle 
heat. It forma deliquescent prismatic crystals insoluble m absolute alcohol 
Nitbitb of C0BAI.T. — Black-brown or red-brown crystals wliicli dissolve in 
water, and yield a brown precipitate with potash, henco they contain cobaltic oxide 
(Lang). The solution is decomposed by evaporation, with separation of a basic 
salt. (Hampe.) 

Niteitb of Cobax® and Potassium. (Co*)i‘K*N"’0=' = Co’0*.3K“0.6N^O’m 
Cobalt-yellm . — ^The yoUow precipitate formed on adding nitrite of 
potassium to an acid solution of a cobalt-salt. It is of a very fine colour and is used 
ns a pigment Its formation serves also as a means of separating cobalt from nickel 
and many other metals. For the details of its preparation, and the several views of 
its composition, see CoBiiT-XEiiorw ( 1 . 1068) 

Nitbitb of Ooppeb, — Obtained as an apple-green solution by decomposing 
nitrite of lead with sulphate of copper. It oxidises in the air especially if heated and 
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is conTsrted into nitrate. According to Hampe, the solution yields by evaporation 
blue shining laminio containing 2Cii 

Nitkitbs of Lead. «. Monoplumbio or Normal. Pb"N®0® = Pb"0N=0®. — 
Obtained by passing carbonic acid gas thiongli a hot solution of the tatraplumbic salf^ 
tiU three-fourtlis of the lead is precipitated as carbonate. The resulting yellow solu- 
tion evaporated in the air or m a vacuum, deposits the normal salt in long yellow prisms 
(P^ihgot), or yellow laminae (Ohevreul), containing 1 at. water aceording to 
JSiicklAs (Gompt. rend, xxvii. 244), 2 at according tp GomAs {ibid. xnnv. 187). It 
is easily decoinposible and very soluble in water. 

0 Siplumbio or Plumho-hydno Nitrite. 2Pb"0 N®O».H®0=Pb"HIT0® — Pormed m 
small quantity according to Bromeis (Ann. Oh Pharm Ix^ii. 60), when the yellow 
diplinnbio nitroso-nitrate {nd. inf) is boiled for some time with metallic lead. It is 
then deposited m long golden-yellow needles. 


y. Triplumhio. SPb' 0 N®0’ => P'1)’N®0“ — Deposited when the orange-red nitroso- 
nitrate is hoiled for some hours with lead, in needlo-shaped ciystals, mostly united 
in concentric groups, having sometimes a flery-red, sometinios a green colour, hut 
always the same composition (Bromeis, ioo.'cit.). PAiigot doubts the existence of 
this salt. 

Tetiaplwmhc. 4Pb"0.N®O®.H»O (Berzelius) = Pb"HN0’Pb"0 —Obtained by 
boiling a mixture of I pt. nitrate of lead and 1^ pt or more lead with 60 pts. water 
in a long-neoked flask fur about 12 hours It orystalhsos according to Ohevreul in 
stellate groups of pale flesh-rod silky needles ; the solution, if quickly cooled, deposits 
It in the form of a white powder It gives off its water at 100° (Peligot), together 
with a small portion of acid (Chevroiil), at a rod heat it gives off the whole of its 
acid without fusion (Berzelius). Has a strong alkaline reaction, and dissolves, 
according to PAligot, in 34'6 pts boiling and 1260 pts cold water. , 

Nitroso-nitraies of Lead . — ^By heating nitrate of lead with metallic lead in 
certain proportions, sails axe obtained which are sometimes rogaided as compounds of 
lead-oxide with nitric peroxide , hut they are more probably double salts composed of 
nitrates and nitrates of lead 

a. 2Pb''0 H^O or Pb"HHO’.Pb"HNOh— A solution of normal nitrate of lead 
in 16 to 20 pts. water heated to 60° — 70° for several hours with 03 pts very finely 
divided lead] deposits this salt on cooling in straw-jellow shining needles and laminsa 
having an alkaline reaction, solnhle in 85 pts of cold and 10'6 pts of boiling water 
(Bromeis). By pioloiiged boiling with metallic lead, it is converted into diplumbio 
nitrate. (PAligot, Bromeis ) 


b. 7Pb''0.2N0* 3H“0 or pVN«0«:^b’N’0»P'l)H®0®.2H’0. — Obtained by boiling 
the preceding salt with lead, or a dilute solution of neutral nitrate of lead with IJ at. 
metallic iron Porms hard, orange-red crystals soluble in 1260 pts. of cold and 
34 pts of boiling water. When boded for some hours with load, it is converted into 
triplumbic nitnte (y) (PAligot, Bromeis) Both these salts {a, b) are decomposed 
by baryta-water, yielding nitrate and nitnte of barinm (PAhgot.) 

fl. Bromeis, in endeavourfng to prepare this salt, once obtained an or.vnge-red but more 
shmiDg salt, containing, according to his analysis, 3PbO.N’0® + 4PbO,S®0‘ + 8H®0. 

d. The same chemist, by boiling a solution of nitrate of lead for several days with 
a large excess of metallic lead, obtained light biiek-rod rhombic crystals, to which ho 
assigned the formula 4PbO N®0‘ + SPbO N'O® + 3H®0 For furtlier details on the 
nitrites and uitroso-nitratos of load, see G-meltn’s Handboo&, v 152. 

of MAONEsitiK. .Mg"N’Oh3H®0 (Lang), with 2H=0 (Hampe) — 
Laminar deliquescent mass, insoluble in alcohol, easily decomposed by heat; obtained 
by boding a solution of the silver-salt with magnesia, removing the excess of sdver by 
sulphydrio acid, and evaporating. 

NiteiteofMang A H F. s B — Deliquescent saline mass. , 

Mbeoueio H iTHiTB, Hg®H®0“.H®0, separates on evaporating a mixture of mer- 
curic chloride and nitrite of silver. (Lang ) 

Hiteitb of Nickel, N)"N'0*, forms reddish-yellow crystals which ore perma- 
nent in the air, and in the dry state may be heated to 100° without deeompoaitionj 
but in water ouly to 80° (Lan g). According to Hampe, the solution decomposes even 
at common temperatures, giving oflf nitric oxide and leaving a green basic salt, 
Ni'D Ni"N®Oh 

Nitbitb of Potassium. KNO® — Produced, as already described (p 70), by 
heating the nitrate to redness, or by passing nitrons vapours into a solution of caustic 
potash. When the mixture of nitrate and nitrite thus obtained is dissolved m water, 
and the solution concentrated, nitrate of potassium crystallises out first, and afterwards 
the nitrita, but very impure. To obtain a pure salt, Piscber mixes Iho sjlution, after 
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tte nitrate has arystaHised ont, ■with dilute aeetio acid and twice its volume of alcohol ; 
more nitrate then cryatEiIlises out, and the liq^uid separates into two layers, the upper 
consisting of an alcohohe solution of acetate of potassium, the lower of a solution of 
'the nitrite. This solution evaporated over oil of vitriol yields the nitrite iil indistmct 
crystals. Hitiite of potassium may also be ohtamed pure, by decomyosmg nitrite of 
silver -with an equivalent quantity of chloride of potassium, or nitrite of lead with 
carbonate of potassium Or tlie following process may be adopted 1 pt. of nitrate of 
potassium is fused in an iron crucible, and 2 pts. of lead are added, with constant 
stirring The lead oxidises even at a dull red heat ; the temperature is then raised to 
complete the oxidation, the cooled mass is exhausted -with water; the solution is 
treated with sulphide of ammomiim to remove a small quantity of lead, then evaporated ; 
and the residue is heated to fusion, to decompose any hyposulphite of potassium that 
may have been formed (A Stromeyer, Ann Oh. Pharm. xovi 330) Nitrite of 
potassium is also formed by the action of ammonia in excess on permanganate of 
potassium. (Cloez and Guignet.) 

I-'ura nitrite of potassium is a white ervatalline, deliijuescent, saline mass, neutral to 
vegetable colours, according to Fischer, alkalme according to H. Rose. When treated 
with any of the stronger adds, it gives off nitric oxide gas, the rntrous acid eliminated, 
at the first instant being immediately resolved into that compound and nitric acid ; 
3HNO» =. HNO= + H-0 + 2NO. 

Double salts of Potassium-nitrite . — ^The barumi-salt, K*Ba"N^0®.H°0, forms 
long slender needles, permanent in the air, easily soluble in water, insoluble in alcohol 
Similar double salts are formed -witli the nitrites of strontium, calcium, and m^nesmm, 
the first being permanent in the air, the other two deliquescent (Lang). — Cadmium- 
sa/ts . — A mixture of cadnuum-acetato with excess of potassmm-nitrite deposits first 
tlie salt K’Cd''N'0*, in oblique, one-sided, shining, yellow prisms , afterwards the 
salt K'‘Cd''N'’0*“, in yellow, less lustrous tabular crystals (Lang). Hampe obtained 
this last salt by reerystallisation, in colourless cubes , the mother-liquor contained an- 
other salt which crystallised in prisms, probably K'Cd"N<0“ — The copfer-salt, 
K'’Cu“N“0'‘" H'O, forms thin prisms, black by roflectod, dark green by transmitted 
light, permanent in the air, easily soluble in water, less in alcohol. The solution 
decomposes easily, depositing dicuprio nitrite (Hampe). — Lead-salts. — The salt 
K‘Pb"N^0®.H’O crystalhses m brown-yellow rhombic prisms. A solution of nitrite 
of lead mixed ■with a large excess of nitrite of potassium yields long slender prisms 
less soluble than the preceding, and probably consisting of a compound of the two 
double salts EWN'O* and KWN«0'« (Lang}.— The mcrcumy-salt, K=Hg"N'0", 
forms straw-yellow pnsms (Lang) — The nicJcd-mt, K*Ni"N'0'^, forms brown octahe- 
dral crystals which dissolve with green colour in water, are insoluble m alcohol, but 
are decomposed by boiling therewith. A triple salt containing potassium, barium, and 
nickel, VIZ. K'Ba"Ni'’N‘0'®, is obtained by mixing acetate of nickel ■with potassio- 
barytic nitrite, or acetate of barium with niecolo-potassio nitrite, in brown-yollow 
mioroacopie tablets, sparingly soluble m cold water (Lang, Hampe). — The naiiodiW- 
salt separates from concentrated solutions as a white powder ; from more dilute solu- 
tions in yellow crystals, very soluble in -water. It is decomposed by heat, leaving 
a residue of palladium and nitrite of potassium (Fischer). — The .•silver-salt, 
2KA.gN^0*.H?0, forms yeEow rhombic prisms or tablets, permanent ii} the air, soluble 
without decomposition in a small quantity of water, decomposed by a larger quantity 
(Lang, Hampe). — The sine-salt, K’55n"N<0".H*0, crystallises in short, yellow, 
deliquescent, easily decomposible prisms. (Lang.) 

Hitbitb or Siiv.Bje. AgNO’’ — Obtained by double decomposition of an alkalmo 
nitrite and nitrate of silver Separates from cold solutions as a white powder com- 
posed of capillary crystals , from hot solutions in larger crystals. In small quantitiis 
It appears white, in larger quantities yellow. Dissolves in 300 pts water at ordinary 
temperatures, easily in boiling -water. 

Nitrite of Sodiom. NaNO’. — Prepared like the potassium-salt. Nitrate of 
sodium 18 more easily decomposed by heat than nitrate of potassium, and yields a 
larger proportion of free alkah. In punfyingthe nitnte by Fischer’s method with ocetio 
acid and alcohol {vid. sup.), the mcoholio solution does not separate into two layers, 
and the aqueous alcohol holds in solution acetate and nitrate of potassium, as well as 
nitrite ^ It must therefore be evapora-ted to dryness and the residue exposed to the air. 
The deliquescent mtnte of sodium may then he decanted, and will yield the orystallme 
salt by evaporation over oil of -vitriol. 

The properties of nitrite of sodium are for tlie moat part the same as those of the 
potassium-salt, it is distingaiahed however by its gi’eater solubility m alcohol. 

Nitbitb of Stbontium Sr"N'0‘— Prepared like the barium-salt, but the 
solution requires to be more strongly concentrated to sepamto the remaunng nitrate. 
Oystallises in slender needles which slowly deliquesce m damp am. 
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Niteite of Zinc. — White laminar maBS, consisting of Zn'WO'.SH'O (Lang), 
ax Zn"O.Zji''N“0* (Hampe). 

Alooholio l^itrites. Nitrous Ethers, , 

Niteim of Amyi,. C*H"N0’ = — Trepaied hy passing nitrous va- 

pours into amyHo alcohol contained in a heated retort, rectifying the distillate, and 
collecting apart the portion which goes over at 96°. It is a hght-yellowish liguid 
becoming darker while hot, ameUing like ethylio nitrite, having a specific gravify of 
0 877 ; boding at 96° (Balard), at 91° (Eieckher). Its vapour has a reddish-yellow 
colour, and produces head-ache when inhaled. 

It IS quickly decomposed by alcohohc potash, yielding nitidte of potassium and probably 
ethyl-amylic ether , aqueous potash acts but dowly on it. When dropt upon melting 
potash, It takes fire at the first instant, and forms valerate of potassium. Il^en heated 
with water in which peroxide of lead is suspended, it yields, according to Biekher, 
amylie alcohol, nitrate of lead and nitride of lead (Balard, Ann. Oh Phys. [3] xii. 
318, Bieckher, Jahroab. 1847-8, p. 699.) 

Nitbite of Ethyl. Nitrous Ether, C'H’BO®; formerly called Nitne Ether, 
Balpeter-ather, Sa/peter-naphtha, Ether minjiie.— This ether was first observed by 
Bumkel in 1681 , but its composition was first exactly determined by Dumas and 
Boullay (Ann. Ch. Phys. [2] xxxvii 16). It is produced by the action of nitric or 
nitrous acid upon alcohol The action of the former acid is veiy violent, part of the 
alcohol being oxidised and the nitric acid reduced to nitrous acid, which then forms 
nitrous ether with the remaining alcohol 

Ereparakon . — 1, A mixture of alcohol and nitric acid (equal ports of alcohol of 
36° Bm. and nitric acid of 32°, according to Thiliai'd) is distilled ,in a retort connected 
with a series of Woulfife’s bottle half-filled with salt-water, heat being applied to set the 
action going, and the fire afterwards removed Nitrous ether then collects on the surface 
of the brine in the form of a light hquid w’hicli is to be rectified, and then set aside m 
contact with quicldime. Berzelius recommends, as originally proposed by Black, to 
place 8 pts. of fuming nitric acid, 4 pts water, and 9 pts. alcohol, one above the other 
in a glass cylinder, leave the whole to itself for two or three days, so that the alcohol 
and acid may mix slowly by diffusion, and purify the upper layer by distillation 

2 As the direct action of nitric acid upon nlcohol is necessarily attended with a 
considerable loss of alcohol by oxidation, it is more advantageous to reduce the nitric 
to nitrous amd by means of starch, sugar, &c Liebig (Ann. Ch. Pharm xxx. 142) 
passes the nitrous vapours evolved from nitric acid and stareh through cooled dilute 
alcohol, and condenses the evolved vapours in a cooled receiver Or equal volumes of 
alcohol and nitric acid may he distilled with starch or sugar (I Grant, Pharm. J. 
Trans, x 244) , or With copper turnings (E Kopp, J Pharm [3] xi 320.) 

Niti'ite of ethyl is a yeUowish liqmd having an odom' of apples, miscible in all pro- 
portions with alcohol, but sparingly solnble in water (1 pt in 48). It boUs at 18°. 
It decomposes by keeping, especially in presence of water, giviiig off nitrie oxide, and 
often bursting the containing vessel. It is reduced by sul^ydric amd or sulpiride of 
ammomum in tlie manner represented by the equation . i 

+ SB'S = CWO + NH« + H’O + S’. 

NUrous ether. Aleehol, 

A solution of ethyhe nitrite in alcohol constitutes the nitrio ether of the pharmaeo- 
pmias, also called Sweet Spirits of Nitre, Spintus nitneo-athereus or Spvntas mtn 

Por details on the preparation and properties of nitrous ether, see 0-mchn’sSandbonh, 
viii 468 

NitEith of Methyl. CH*1?0°.— Produced by treating wood-spirit with nitrio 
acid and copper turnings or aTsemouB acid. The less volatile products ivro condensed 
in a receiver cooled to 0°, and the gaseous methylic nitnte, after purification by passing 
through potash-ley, solution of ferrous sulphate, and dry chloride of calcium, is con- 
densed in a tuba cooled to between —30 and —40°. As thus obtomed it is a hquid 
of specific gravity 0'991, which boils at — 12°, giving off a gas which smells hke ethylic 
nitnte and burns with ft green-edged flame It is also found among the gaseous 
products evolved on treating brueme with nitnc acid. (Streckqr, Oomph rend. 


Nitbio Pheoxidb or Teteoxidb of HiTBoaBK. NO’ or N’Oh 
Synon^es Permtnc oxide Feromde of Nitrogen Nitroeo-mtno anhydride. Sypo- 
ntkio acid. In comhiuation; Nitryl . — This is the principal constituent of the orange 
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fumes produced on miBng nitric oxide with oxygen or air. When nitric oxide is mixed 
with excess of oxygen, 2 vol. of the former combine irith 1 vol. of the latter to form 
2 Tols. of nitric peroxide. 

” Preparation. — 1. When a mixture of 2 vole, nitric oxide and 1 vol. oxygen, incorpo- 
rated by passing through a tube filled with broken porcelain and thoroughly dried by 
transmission over pumice soaked in oil of vitriol, and then over recently fused slaok- 
potaah, is subjeetoa to the action of a ficczing mixture of salt and ice, pernitric oxide 
eoudeuseB in transparent crystals, or if the slightest trace of moisture is present, into an 
almost colourless liquid. — 2. Thoroughly dried nitrate of lead heated m a retort, gives 
off a mixture of penntric oxide and oxygen gases, the former of which may be con- 
densed as above, while the latter passes on • . ^ 

Pb"N^O» = Pb'O + 0 + N»Oh 

The first portions of nitrjo peroxide thus obtained do not solidify, doubtless owing to 
the presence of a trace of moisture, but if the receiver be changed in the midst of the 
operation, and if every care has been taken to avoid moisture, the later portions may 
be obtained in the crystaUme form. 

Properties — Mitric peroxide at veiy low temperatures forms transpai’ent, colourless, 
prismatic crystals which melt at —9° . hut when once melted do not resolidify till 
cooled down to — 30° Abovq —9° it forma a mobile liquid of specific gravity 1-461, 
the appearance of which varies greatly according to the tempenitui'e. Wlieu still 
liquid below -9°, it is almost colourless; at —9° it has a perceptible groruish-yeflow 
tint; at 0° the colour is somewhat more marked ; at 10° it is decidedly yellow ; and at 
15° and upwards, orange-yellow, the depth of colour increasing progressively with the 
temperature up to 22°, the boiling point of the liquid. The va^ur has a brown-red 
colour, the depth of which also increases with the temperature, until at 40° it is so 
dark as to bo almost opaque. This remarkable change of colour is accompanied by a 
great diminution of density ns the tempeiature rises, both phenomena pointing to a 
molecular change produced in the vapour by bent. Playfair and W anklyn (Chem 
Soo. J. XV. 166) have determined the density of the vapour by Dumas’ method, using 
nitrogen as a Wuent, and find that the densities at different temperatures are as follows. 

Temparntare. Vapour-donslty. 

97-6° .... 1-783 
24-6 . . , . 2620 

11-3 .... 2-645 

Now the density required by the formula NOs for a two-volume condensation is 

^ X 0-0693 = 1-6893 ; that required by N*0‘ for the same condensation is 
the double of this, VIZ 3-1786; and the vapour-denaitios found by experiment are all 
intermediate between these two niimhers, that found at 97 8° not differing very much 
from the lower ealenlated number, while those found at the lower temperatures approach 
move nearly to that required by the formula N'O* Hence it is probable that nitrio per- 
oxide exists in two modifications, NO* and N-'O*, which pass readily one into the other 
with change of temperature; that at temperatures near 100°, the ^ consists chiefly of 
NO*, at ordinary temperatures of N*0*, and at intermediate temperatures of mixtures 
of the two in various proportions. Liquid pormtne oxide gives off at ordinary tom- 
peratnres an abundance of reddish vapours which when mixed with air are extiemely 
difficult to condense. These vapours have a pungen"- " ■ ' ^ 

are quite irrespirable, and stain the skin of a bright , 

m the spectrum of lamp-hght passing through tlie vapour of nitrio peroxide, see 
Lias-r (iii, 621). 

Peaomposiiions — ^Nitric yieroiide is decomposed by watci-, with production of nitrio 
and nitrons amde, whence it may be regarded as nitroso-nitrio anhydride : 

N*0* + H*0 = ENO* + HNO* 

This simple reaction however taltes place only at very low temperatures ; when a 
small quantity of ice-cold water is added to permtac oxide cooled by ice and salt, two 
layers of liquid are formed, the upper and least coloured of which consists chiefly of 
aqueous nitric oxide, the lower and darker of nitrous acid or anhydride, which may be 
distilled off at a low temperature, as already described (p. 74). Pernitric oxide acts 
III a similar manner upon caustio alkalis when not too dilute, forming a nitrate and 
nitrite of the alkali-metal But when nitric peroxide is added to excess of water at 
ordinary temperatures it la decomposed into nitric acid and the products of decompo- 
sition of mti’ous acid, namely, nitrio acid, water, and nitric oxide gas As the quantity 
of nitric peroxide added to the water increases, the evolution of nitric oxide becomes 
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lois and less obvious, until, wiieu a eonaiderable quantity of nitric acid lias been formed, 
it disappears alto^etber. During this saturation of the vrater with nitric acid, it 
becomes successively blue, gi’een, _and orange-coloured, these colours depending upon the 
solution of unaltered nitric peroxide in the aqueous nitric acid, which, according to it^ 
concentration, iB capable of diaeolying an increUBing quantity, and of decomposing a de- 
creasing quantity of that compound. The similarly coloured liquids produced by 
treating aqueous nitric acid with nitric oxide gas ore thought to owe their colour to the 
presence of pemitrio formed by deoxidation of a portion of the nitric acid 
NO + 2HNO» = H?0 + SNO». 

Nitric peroxide is not decomposed at a dull red heat Mixed nitac peroxide and 
gases passed over spongy platinum, react upon each other, with production of 
/ water and ammonia, the platinum at the aome time becoming red-hot. Nitno per- 
oxide is also absorbed by iiqueous aulpht/drut ami, with formation of ammonia am? 
deposition of sulphur Ordinary combustibles are extinguished by nitric peroxide 
vapour , but charcoal and phosphonis, when strongly igmted, burn in it with consider- 
able brilhancy, liberating the nitrogen. It is also decomposed, with liberation of nitro- 
gen, by iron and other metals at a red beat Potassium introduced into the vapour at 
■ ordinary temperatures inflames spontaneously and bums with a red flame. 

CorMnnations. — Nitric peroxide usually reacts with basylous metallic oxides, as before 
observed, to form nitrates and nitrites , but it has been supposed also to unite directly 
with some oxides to form definite salts; hence it has been called hyponitric aoiii 
Thus the nitroso-nitrates of lead already described (p. 73) are regarded by BrOmais as 
compounds Of lead-oxide with nitric peroxide; and oobalt-yoUow (i. 1068) is by some 
chemists supposed to have the composition Co"K“0’.2N’0'. 

Nitric peroxide, or niti'jl, acts as a monatomic chlorous radicle analogous to chlorine 
and bromine, and capable of displacing one or more atoms of hydrogen in various com- 
pounds, chiefly organic, atom for atom ; naphthalene, for example, yields the three mtro- 
dematives, 0‘«H'(N0»)», C‘«H»(NO’)». ©"^(NO^)*. Some of these compounds are 
formed by the chi'eot action of nitric peroxide on organic bodies, e.g. mononitronaph- 
thiilene, 0''H’(NO’) ; but they are generally speaking most easily formed by the action 
of strong mtrio acid (ivhich may itself he supposed to contain the radicle nitryl) on the 
primary compounds • thus, 

C.0H9 + = C>«H'(NO«) + H’O. 

Nitnc peroxide also unites with amylene, forming mtryhde of amyUne, C*H'''(NO*), 
analogous to the bromide, C*H"’Br’ and possibly also with^ the other olefines. 
(Guthrie, _ see i 2o9 ) 

A chloride of nitryl, NO’Oi, is produced by the action of oxyohlonde of phospho- 
rus on nitrate of lead ; thus^ 

SPhN^O" -t 2PCTO - Pb*P*0« + 6NO*Cl; 

also by the action of chlorhydro-sulphunc acid upon nitrate of potassium : 

KNO" + HCISO* = KHSO* + NO’Cl. 

It is a thin pale oil smelling somewhat of nitro-muriatic acid. It is decomposed by 
Water into hydrochloric and nitric aada : 

NO’Cl + H'O = HOI + HNO». 

Nitmo Anhybbuju, Aoin, Ann Salts. 

irltrla AnHydrlde, or Fentoxlde of Ifltrogen. Anhydrous Nitrio aotd. 
Nitrate of Nitryl, N“0* t= , 1 0 — ^This compound, discovered by H. Deville in 1840, 

is produced by decomposing nitrate of silver with chlorine-gas, both being perfectly 
2AgNO= + CP - 2AgCl + N’O* + 0. 

The nitrate of silver is placed in a D-lube capable of containing about 600 grms. of 
the salt. This tube is connected with another U-tuhe of considerable size, and having 
at the bottom a small spherical reservoir, which serves to receive a very volatile liquid 
(nitrous anhydride), produced in the course of the operation The tube containing the 
nitrate of silver is immersed m water covered with a thin layer of oil and heated by 
means of a spirit lamp, which communicates with a reservoir kept at a constant level. 
The chlorine is evolved from a glass gasometer, and its displacement is regulated by a 
slow and constant flow of sulphnnc acid ; it is dried by passing over chloride of 
calcium and then over pumice-stone moistened with sulphuric acid. The bend of the 
largo U-tube is immersed in a fi'eezing mixture The nitrate of silver is first heated 
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to 180° and depriTod of moisture by passing a current of carbonic anhydride through 
the apparatus AAor 'this, the transmission of the chlorine is commenced. At 
ordinary temperatures it appears to siert no action, but when the nitrate of silver is 
haated to 9S°, and the temperature then lowered to 68° — 68°, the decomposition of the 
nitrate takes place, chloride of silver being formed and nitric oxygen evolved. At first 
a portion of nitric peroxide is developed, but as soon as tho temperature has reached its 
lowest point, crystals of nitric anhydride are formed and soon obstruct the TJ-tube. 
The gases evolved during the process are coloured ; and in the spherical reservoir at 
the bottom of the tube, there collects a small quantity of liquid which must be removed 
from the appai-atus before transferring the nitric anhydiude to another vessel. To effect 
this transference, the current of ehlorine must be replaced by a current of ciirbonic anhy- 
dride, the condensing tube must no longer be cooled , and tho bulb destined to receive * 
the crystals must be immersed in a freezing mixture and connected with the tf-tube 
by means of a caoutchouc tube lined with asbestos. The chlorine should pass very 
slowly, not more than 3 or 4 litres (about 60 cubic inches) in 24 hours An apparatus 
mranged as above described vnll go on day and night without suponntendence • it 
is merely necessary to renew the supply of siuphuricacid which displaces the chlorine, 
the alcohol which feeds the lamp, and the freezing mixture. 

Kitric anhydride fiirms transparent colourless crystals of great briUianoy, having the 
form of prisms with six faces and apparently derived from a right rhomhio prism, 
When slowly deposited in a ciuTent of the gas strongly cooled, they attam a consider- 
able size. They melt a httle above 30°, and boil at about 46°. At 10° the tension of 
the vapour is very considerable; At temperatures near the boiling point, decomposi- 
tion appears to begm . hence the tension of tiie vapour oaimot be determined by Dumas’ 
process. (Deville, Ann Oh. Phys. [3] xxviu. 241.) , 

Nitric acid. HNO* = |o or — Axotio aaid. Spirit of nitre. 


Soheiimasser. — This acid has been known from early times. 

writings of 0ebor m the eighth century , Eaymond LiUlius, ii_ 

tuiy, gave directions for preparing it by distilling saltpetre with sulphate of iron; 
and 0Uuber soon .ifterwards ohtamed it by distilling saltpetre with oil of vitriol, the 
process by which it is prepared at the present day. 

Formation. —1 When nitrogen-gas mixed with 10 or 12 times its bulk of hydi’ogeii 
IS burnt in oxygen, the resultmg water is found to contain, m addition to nitrite of 
ammonium, a small quantity of free nitric acid. Again, when a succession of electric 
sparks is passed through a moist mixUme of 2 vol nitrogen, and 6 vol. oxygen, traces 
of niti'io acid are slowly formed. It was by a modification of the experiment that 
Cavendish first aseertaaned the composition of nitric acid. Davy noticed that traces 
of nitric acid are produced at the positive pole, when water containing atmospheric 
air IS snhmittfid to electrolysis. 

2. By the decomposition of nitrous acid, and of all the oxides of nitrogen. Thus, 
tmees of nitrio aeid are formed from moist nitrous and nitric oxide gases, by transmis- 
sion tlirough red-hot tubes, orby electrolisation, while quantities of it are produced 
bv the action of water upon nitrous, mtroao-nitric, and nitric anhydrides Nitrio acid 
ako occurs among the products resulting from the transmission thi’ough red-hot tubes 
of iiD excess of oxygen mixed with ammomacal or moist cyanogen gas 

Fri^aiati<m.—\. Prom Nitrate of potassium. 1000 parts of purified saltpetre are 
distiUed m a glass retort with 96 parts of common oil of vitnol, till the residue m the 
retort becomes tranquil, and no more drops distil over. The ingredients should be but 
UtUe more tlmn sufficient to half fill the retort, or there will be danger of the mixture 
boikng over. When a tubulated retort is employed, the oil of vitiuol is introduced 
tlirough the tubulns, but with a plain retort, the acid is poured down the neck by 
means of a bent tube-frnnel, care bemg taken not to sod tho neck with tho od of 
vitriol. The neck of the retort must reach almost to the middle of the receiver 
which IS cooled with water, and attached to tho retort without any cement. ’ 

f eveiy nipMa of saltoetre (KNO’ = loi pts.) 1 molecule of oil of vitriol 
(H CiO = 98 pts.) IS required, m which ease 1 moleoule of nitric acid passes over, 
and 1 molecule of acid sulphate of potassium remains in the retort * 


-KNO” + H*SO* == KHSO^ + HNO= 

It was formerly th^raotice to use only half the quantity of sulphmue and indicated 
by the above proportion , and in fact when 1 at. sulphuric acid is heated with 2 at 
nltmately ^ven off, for the decomposition 
! ^ ^ f the oil of vitnol acting upon half the quantitv 

of su tpetre present, so that 1 at. lutnc acid is disengaged, and a mixture of nitrate and 



JNITKKJ AUlU. 


acid sulphate of potassium remains behind. This first stage of the reaction takes 
place at a moderate heat , but afterwards, as the contents of the retort attain a higher 
temperature, the acid sulphate and nitrate act upon one another, according to the fol- 
lowing eq^uation, yielding nitric acid and neutral sulphate of potassium ; 

KffSO* + KNO» = HNO» + KW. 

But these proportions are not advantageous, at least when a colourless atfid is raipuired; 
tor at the high degree of heat attained in the latter stage of the process, a great portion 
of the nitric acid is resolved into oxygen and mtno peroxide, which being absorbed by 
the acid first distiUed over, converts it into red fuming' nitrio acid. 

2 From commercial irate of sodium or Chtle saltpetre . — ^This salt, on account of 
its lower price, is now generally used for the preparation of nitric acid on the large 
seide. The distillation is conducted as above, excepting that 1 molecule (98 pts.J of 
oil of vitriol is sufficient for the decomposition of 2 molecules (170 pts.) of the mtre 
(or 68 to 100), because the reaction takes place ata lower temperature than with nitrate 
of potassium, so that the heat never rises high enough to decompose much of the nitnc 
acid, and the acid collected in the receivers has only a pale yellow colour. If 2 at, 
sulphuric acid are used to 2 at. nitrate of sodium, the acid must be diluted with one- 
foui'th its weight of water to prevent the mass from boiling over The best proportions 
are 100 pts nitrate of sodium, 116 7 pts. of oil of vitriol and 30 pts of water; for the 
acid sulphate of sodium retains not only 1 at. water, like the potossnim-salt, but 8 at., 
which It tends to separate from the nitric acid, so that unless water is added, the mass 
becomes sohd, and the acid is partly resolved into mtrio peroxide and oxygen gas. 
CWittstein, Eepert. Pharm Ixiv. 289 ) 

Both potash- and soda-nitre generally contain chloride of potassium or sodium, which 
at the commencement of the process gives nse to the evolution of a yeUowish-red mixlime 
of pernitrio oxide vapour and chlorine gas. As however the whole of the chlorine passes 
over at the beginning of the distillation, an acid is at length obtained perfectly ffiee 
from chlorine , this pure acid amounts to one-half or two-thirds of the whole It is 
well to change the receiver as soon as the acid drops, which fall from the neck of the 
retort, produce but a shght tuibidity in a solution of nitrate of silver, and again, when 
they cease to cause any turbidity whatever. If the saltpetre he purified by repeated 
crystallisation from every trace of chloride, it yields a perfectly pure acid from the 
commencement 

The ordinary acid may be purified by distillation with a small quanti^ of saltpetre 
— the receiver being changed in the course of the process. Acid containmg chlorine 
passes over first, and afterwards pure nitric acid. 

In order to ohtam an acid as concentrated and as free as po.ssihle from chlorine and 
nitric peroxide, Milloii distils it till a thud part has passed over, and then distils the 
rest with an equal measure of oil of vitnol, the receiver being ch.inged. The latter 
distillate he puiifies, by a second distillation, from the sulphuric acid which comes over; 
heats the distillate to the boding pomt in the bottle in which he mtends to preserve it; 
and passes a continuous current of carbonic anhydride through it, till the acid becomes 
cold. Should the specific gravity of the acid exceed 1'6, the heating and current of 
carbonic anhydride must he repeated once or twice, to remove the whole of the nitric per- 
oxide In this manner, a transparent and colourless acid may he obtained of specifio 
gravity 1 621. 

Nitric acid prepared from Ohde saliqietre often contains iodine. Such acid, when 
distilled with snlphuno acid, yields a sublimate of iodine after all the nitrio acid has 
passed over The iodine (which is in the form of iodic acid) may also he detected by 
reducing it with siilphydrio acid or hyposulphite of sodium and then testingwith starch. 

Non-volatile impurities, chiefly potassium or sodium salts, are occasionally present 
in the acid, having been earned over by too rapid distillation. 

On the large scale, the potash or soda nitre is distilled in horizontal cast-iron cylinders, 
or similar vessels, and the acid is condensed in a senes of stone-ware Wonlffe’s bottles, 
into the last of which a certain quantity of water is poured, to effect complete conden- 
sation. Bormerly, calcined green vitriol or moistened clay was enhstituted for sulphuric 
acid m this process , the greater part of the acid then distilled over as pemitno oxide, 
which, when condensed by the water, yielded aqua fortis (Soheidewasser). 

, In some Brench manufactories, the generating vessel is connected with a double 
series of condensers by means of a T-shaped tube fitted with a tjiree-way cook, so that 
the acid vapours may be made to pass into either set of condeneeits at pleasure, and 
shut off from the other In this way the pure colourlesa acid which distils over towards 
the middle of the process may at once ha separated from the coloured acid which is 
given off at the beginning and the end. Por full details respecting this and other 
recent improvements m the methods of distillation and condensation, see Eichardson 
and Watts's Ohm . pt. 4, pp. 337-360 

The following described by Kiihlmaun (E6p. Chisi app. 
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Tahh tliowinq the strength of Aqueous Nitno amd accordmg to iU Spemfe Gravity at 
16-5° 0. or 60° V.(fJ to). 


gravity 

N20S in 

Speiiiac 

gravity. 

100 Pt8. by 
weight. 

Specific 

N-iO* in 
100 pt«. by 
weight. 

Spcciflo 

gravity. 

N203 In 
100 pt« by 
weight. 

I'Sono 

1 4980 
14960 

1 4940 
14910 
1'48B0 

1 4860 
1-4820 

1 4790 

1 4780 

1 4730 

1 4700 
1-4670 
14640 
1-4600 

1 4670 
1-4,630 
1-4600 
1-4460 
1-4421 

1 4386 
1-4346 
1-4306 
14269 
1-4228 

79-700 

78 903 

78 106 

77 309 
76-612 

76 716 
74-918 

74 121 

73 324 
72-627 
71-730 

70 9'i3 
70-136 

69 339 

68 542 
67-745 

66 948 

66 156 

65 354 

64 557 

63 760 

62 963 
62-168 

61 369 
60-672 

1-4189 

1-4147 

1-4J07 

1-4065 

1 4023 
1-3978 
1-3945 
1-3882 

1 3833 

1 3783 
1-8732 
1-3681 
1-3630 

1 3679 

1 3629 

1 3477 

1 3427 
l-,3376 
1-3323 
1-3270 
18216 
1-3163 
1-3110 

1 8060 
1-3001 

69 776 

63 978 
68-181 

67 384 

66 687 
66-790 

64 993 
64-196 

63 300 
62-602 
61-805 
61-068 

60 211 
49-414 
48-617 
47-820 
47-023 

46 226 
46-429 

44 632 

43 835 

43 038 
42-241 
41-444 

40 647 

1-2947 

12887 

1-2826 

1 2766 
1-2706 
12644 

1 2683 
1-2523 
1-2462 
1-2402 
1-2341 

1 2277 
12212 
12148 
12084 
1-2019 
1-1968 
1-1895 
11833 
11770 
1-1709 
1-1648 
1-1687 
11626 
1-1466 

39 860 
39-063 

38 266 

37 469 
36-662 

35 866 

36 068 
34-271 

33 474 

32 677 
31-880 
31-083 
30-286 

26- 489 

28 692 

27- 896 

27 098 

26 301 

25 604 
24-707 

23 900 
23-113 
22-316 
21619 
20-722 

1-1403 

11346 

11286 

11227 

1-1168 

1-1109 

1-1051 

1-0993 

1 0936 
1-0878 
1-0821 
1-0764 
10708 
1-0651 
1-0696 
10640 
10486 
1-0430 
1-0375 
1-0320 
1-0-267 
1-0212 
10169 
10106 
1-0068 

19 926 

19 128 

18 331 

17 534 

16 737 

16 940 
16143 

14 346 
13-649 

12 762 
11-956 
11168 

10 361 
9-664 
8-767 
7-970 
7173 
6-376 
6-679 
4-782 

3 985 

3 188 
2-391 
1-694 

0 797 


The numhers in this table were obtained by mixing known weights of water and 
nitric acid of epecifla gravity 1'600, wliich was regarded by Tire as the strongest acid 
corresponding to the formula H’O.N’O"; but as the true specific gravity of tins acid in 
1 62, the numbers probably require some correction. 

Reactions . — Nitnc acid, especially when heated, is a most powerful oxidising agent, 
and acts more or less violently on all the solid non-metallic elements, converting 
iodine, svljfhivr, seleniim, teVunim, phosphorus, arsenic, boron, carbon, and sdioon, into 
iodic, sulphuno, selenious, tellurous, phosphoric, arsenic, boric, carbonic, and silicic 
acids respectively ; also upon all metals excepting tantalum, titanium, gold, platinum, 
and some of its congeners. Most metals are converted by it into nitrates, but tin, an- 
timony, and tungsten, when heated with the moderately strong acid, are oxidised into 
the insoluble stannic, antimonic, and tungabo anhydrides. The degree of reduction 
which the nitric acid sustains in these reactions vanes according to the aubatance acted 
upon, and according to the strength and temperature of the acid. In moat Cdses, nitric 
oxide is set free, and forma red fomes of nitric peroxide on coming in contact with the 
air • hence mb'io acid may generally he recognised hy the red fumea which it evolves 
on coming in contact vritn metals or other oxidable bodies. The reaction with 
copper abeady descinbed (p 68;, may be regarded as typical of the ordinary 
aobon of mtne acid on metals In some cases, however, other oxides of mtrogen are 
evolved Pmely divided charcoal, drenched with strong nitric acid, at a tempera- 
ture below 0°, is not oxidised, bnt decomposes the nitric acid, with evolution of 
nitric peroxide and free oxygen (Schonhein). Sduer and paUadium, dissolved in 
nitric acid without heat, hberabng nitrous anhydride, or nitrons acid, which remains 
in solution, so that the reoofion takes place without ovolntion of gas Hitrous an 
hydride is also produced when arsenibits anhydiide is dissolved in nitric acid. Zinc, 
tin, and iron dissolve in the cold dilute acid, with produebon of nitrous oxide, N'O , 
but if a stronger acid is used, or the temperature rises, nitric oxide is evolved Free 
nitrogen also occurs among the products of the violent action of nitric acid on several 
of the metals Thus, when copper is dissolved in moderately strong nitric acid, at an 
increased temperature, the evolved nitric oxide gas is contaminated with nitrogen ; 
whereas, when it is dissolved in weak acid, at a low temperature, the gas is contami- 
nated with nitrous oxide. Nitrogen is also set free when strong nitric acid is decom- 
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posed by red-hot chiireoal. Tha action on zino, tin, iron, and several other metals; is 
attended with formation of ammonia , thus . 


9HNO» + 4Zn = 4Zn"N''0» + 3H«0 + H''N. 


Nitrio acid converts araerates into arsenates, ferrotis into ferric, and atannona into 
stannic salts In the concentrated state, it rapidly oxidises suljihui ous into snlphurie 
acid, and aulphydrw acid into water and pure sulphur, hut ivith weak nitrio acid, free 
from nitrous acid, this action is very gradual ; indeed, pure nitrio aoid is altogether a 
less powerful oxidiser than that which contains nitrous aoid or nitric peroxide in 
solution. 

Hydrwdv: aoid and the iodides are decomposed hy nitno aoid, with liberation of 
iodine and nitric oxide • 

3HI + HUD’ » 2ffO + P + NO 
Sydrocldono and nitrio acids, heated together, decompose one another, yielding 
diohloride of nitrosyl, water, and free chlorine : 


3HC1 H- HNO* «= NOOP + 2H'‘0 + 01. 

Nitno aoid acts with great energy on most organto bodies, the kind of action varying 
according to the strength of the acid and the temperatnre. Dilute or moderately strong 
nitrio acid generally exerts an oxidising action, especially if the temperature is allowed 
to rise, the final products being in most cases oxalic, formic, and acetic acids, or if the 
action be pushed to the utmost, carbonic anhydride and water, picric acid is also a 
freijuent ultimate product, resinous bodies are frequently converted by nitric aoid into 
suoomio aoid. The intermediate ^oducts are very numerous, varying according to tlio 
substance acted upon • indigo C®H'’NO, yields isatin C®H“NO“, sugar yields saeohario 
acid , gum and milk-sugar yield mucic acid • oleic acid yields a number of acids of ths 
series andC"H*"-*0*(soe Omehn’s Handbook, yii. 122) Theslrougestpuro nitno 
acid, especially if rise of temporatui’C be prevented, acts fur the most part in a different 
way, displacing one or two atoms of hydrogen in the compound, and introducing an 
equal number of atoms of nitryl, NO^ in their place • thus with benzene, C'H", it forms 
nitrobenzene, C»H»(NO»R with phenol, C'H'O , nitrophenol, 0»H“(NOJ)0, dimtro- 
phenol, C‘'ff(N0®)’‘0, and trinitrophenol orpionc acid, C“H''(N0“)“0 ; yntii ocUidose, 
0®H'“0“, it forms trimtro-oellnlose, C'’H’(N0'‘)”0, fee. 

The industrial uses of nitric acid depend upon both these modes of action. It is the 
most frequent solvent of metals, and is used by engravers for etching designs on copper- 
plates ; also for etching on steel and stone The cleansing of copper and bronze, the 
refining and assaying of gold and silver, the preparation of tlioniteitos of copper, silver, 
and mercury, and numerous analytical operations connected with manufactures, depend 
also upon the oxidising and solvent action of nitrifi acid A mixture of nitno and 
hydrochlone amds forms aqua regia or niHo-mwnatio amd, used for dissolving gold, 
platmum, and other metals, and alloys not attacked by nitric aoid alone The prepa- 
ration of oxalia acid and of picric acid, now extensively used as a yellow dye for silk, 
likewise depends upon the oxidismg action of nitric acid. This last substance is how- 
ever likewise formed, as above mentioned, by the action of very strong nitric acid on 
phenol or oarbolio acid, which is an action of substitution. The preparation of nitro- 
benzene for the manufacture of aniline, and that of gun-cotton, are also industrial 
applications of nitnc acid of daily increasing importance 

Ifitrates. The normal nitrates are monometallic, e g. nitrate of potassium KNO*, 
nitrate of copper Cu'N''0“, nitrate of bismuth Bi"’N=b", the general formula being 
E(n)N"0““ or B[„)0“«N’O', the symbol Ec„) denoting an M-atomio radicle. There 
are also basic nitrates, most of which are derivable from the normal nitrates hy 
addition of 1 or 2 molecules of oxide, and may he represented by the general foimnla 
Il(„,»N»0<"; e.g. 


Basic nitrate of Merenrosum 
Basic nitrate of Merciiriomn 

Basic nitrates of LeaB 
Basic nitrate of Bismuth . 


(Hg')*HWO« = (Hg>)WO" (Hg’‘)''H=0’ 
Hg»N’‘0» =. Hg''N»0».2Hg"0 

iA’NW = Pb"N'iO» 2Pb''0 
<:^^j»H»N»0» =. Pb"N''0“.Pb"H=0= 


^:#i“N"0‘«, 

JorfiNo4 


= Bi"'N=0'.B'pO=. 


^ These basic nitrates might be called orlhonitratos, being related to tlio normal 
nitrates in the same manner as the orthophosphates, R(„,P»0‘", to the metapliosphutcs, 
E(n)P‘’0“" ; they are, however, the exceptional salts, whereas amongst the salts of 
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phosphoric acid, the orthophosphates aro tho ordinary, and the metaphosphates the 
exceptional salts. , 

Occarnnce and foiimtum of Nitrates.— Bemt&l nitrates ooouv in nature Nitrate of 
sodium, or cubic nitre, exists m distinct layers or beds beneath the superficial soil in 
many parts of Peru Nitrate of potasamm, prismatic nitre, or saltpetre, occurs as an 
atBorescenee on the surface of tho soil in various parts of India, especially in the 
district of Tiri'hilt in Bengal Nitrate of calcium is produced artifloialljr m several 
countries of Europe hy mixing decomposing vegetable and animal matters with cinders, 
chalk, marl, Stc., moistening the masses repeatedly with urme, exposing them freely 
to the air for two or three years, and lixiviating. A similar formation of nitrates 
occurs in the so-oaHed saltpetre rot, or efflorescence which sometimes occurs upon the 
old walls of stables and other badly drained buildings. Nitrates are formed wherever 
nitrogemsed organic matters in contact with earthy carbonates or other bases are freely 
acted upon by the air. Lumps of ebalfc moistened with weak ammonia and exposed to 
the am have been found to yield nitrate of calcium ; but it is doubtful whether the 
production of ammonia is a necessary stage in the process of nitrification. The 
shallow well-watei-s of towns nearly always contain nitrates, from eoutanunation with 
sewer or cesspool drainage, &c But many natural waters obtained from strata eon- 
tainmg very httle organic matter have also been found to contain nitrates. Hence 
It has been infemed that Ihese salts might bo produced directly from the free nitrogen 
and oxygen gases dissolved in tlie water, tho porous beds through which it filters 
sowing to effect the combination by an action resembling that of spongy platinum. It 
must be borne iii mind, however, that rain-water always contains carbonate and nitrate 
of ammonium, and that these ammoniacal salts may be the real sources of tho nitrates 
found m the waters. Nitrates are foiyd m the juices of plants, particularly in those 
■with large fl.eahy tuberose roots, and aro probably acquired from the sod by direct 
imbibition 

The nitrates of potassium and sodium are obtained in a state of purity by frequently 
reerystallising the native salts Nitrate of potassium is also obtained by decomposing 
emde nitrate of oaloium with wood-ashes, and by decomposing nitrate of sodium with 
chloride of potassium The other metalbe nitrates are prepared by dissolving different , 
metals, their hydrates, oxides, or carbonates in aqueous nitric acid, and orystaUising by 
evaporation. 

^opcriies — Most nitrates are crystalline salts. The normal nitrates are aU soluble 
in water , their solutions are for the most part neutral, and have a cooling saline taste. 
The orystallised nitrates of ammonium, potassium, sodium, barium, strontium, lead, and 
silver are anhydrous , that of mercurosum is monohydrated, (Hg^N’O* 2H’0 , those 
of cadmium, calcium, and probably strontium are tetrahydrated, e,g Ca"N'0* iH^O ; 
and those of magnesium, zinc, cobalt, nickel, iron, manganese, copper, and uranyl, hex- 
hydrated, e.g. Cu"N*0*.6H“0 Copper also forms a trihydiated salt, Cfu"N’0“ 3H®0. 
Most nitrates fuse readily, and all decompose when strongly heated. The nitrates of 
the highly basylous metals at first give off nearly pure oxygen, and are converted into 
nitrites, afterwards a mixture of oxygen and nitrogen gases, together 'With some 
nitric peroxide. Other nitrates, which decompose at a lower temperature, those of 
mercury, load and silver, for instance, evolve a mixture of nitric peroxide and oxygen. 
A few still more easily decomposible hydrated salts, the trinitrates of aluminium aud 
bismuth, for instance, evolve unaltered nitnc acid Ignited nitrate of silver leaves a 
residue of metallic silver , but most normal nitrates when strongly heated, leave residues 
of oxide analogous in composition to tho original salt , thus cupric nitrate, Cn"N’0“, 
leaves cnprio oxide, Cu"0 , tn-nitrate of bismuth, BrN'O®, leaves trioxide of bismuth, 
Bi"'“0’ , ferrous and mang.inous nitrates, however, leave oxides richer in oxygen than 
those which correspond to tho ongin.al salts, viz Fe^O’ and Mn’Ol Nitrates hooted 
with combustible bodies produce a more or less violent deflagration or explosion. The 
acid-forming bodies, metallic or non-metaUic, when deflagrated with nitre, leave 
potassium- or sodium-salts of tbeir respective acids , e g selenium ignited with nitrate 
of potassium forms selenate of potassium, 2C“SeO* ; manganese yields manganate of 
potassium, 

Beaotions serving for the detection of Nitne acid — 1 AH nitrates aro decomposed by 
sulghuno add, with liberation of nitric acid, the fumes of which produce a purple dis- 
coloration on starch-paper moistened with iodide of potassium.— 2. In contact -with 
metallic copper (wire or turnings) the nitric acid is reduced to mtrie oxide, which forms 
orange-coloured fumes lu the vessel above the Uquii — 3 Snlphiuae acid to which a 

fragment or solution of a nitrate is added, acquires the property of blenching indigo 

4. When a solution of a nitrate is mixed in a test-tube with strong sulphunc acH the 
mixture left to cool, and a strong solution of ferrous sulphate or chlomle continually 
poured upon it, so as to float ou the surface, the iron solution quidcly acquires a dark- 
brown colour arising from tho formation of the compound of nitnc oxide with the 
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ferrous salt already mentioned (p. 69). If only a Tory small quantity of nitrate is 
present, a rose-coloured, purplisli-brown, or dark brown ring is formed at tbe surface 
of contact of the two liquids This reaction is extremely delicate , in applymg it, 
however, oare must be taken to cool the liquid before poiu’ing in the iron solution, 
because the dark brown compound ia decomposed by heat, nitric oxide being evolved 
and the colour destroyed.— 6. When a solution of a nitinte is mixed with a few drops 
of fmacyamde of potas^um, then with a small quantity of hydrochloric acid, the liquid 
heated to 71°, and shghtly supersaturated on coohng with an alkaline carbonate, 
a nitiofomeyanide of alkah-metdl (ii 260) is formed, and the filtered liquid, when 
mixed witli a few drops otauljphde of amvionnm or other alkaline sulphide, exhibits a 
transient purple or violet colour (E. W. Davy, Chem. Gaz 1860, p 219) — 6. Nitrates 
heated with excess of hydrocUono mid give off chlorine, wHoh may be recognised by its 
odour and its bleaching powers; also by the power which the solution acquires of 
dissolving gold leaf 

7. When nitrate of potassium or sodium is heated with einc, toater, and excess of 
potash, ammonia is evolved, its formation arising from the union of the nitrogen con- 
tained in the salt with the hydi-ogen evolved by the action of the zinc on the potash- 
solution. This method does not, however, effect a complete decomposition of thq nitric' 
acid; and if applied to a liquid containing only small quantities of that acid, would 
not give certain indications But it may he greatly facilitated and rendered complete, 
by the introduction of another metal not acted upon by the potash, so as to form a vol- 
taic circuit. Thus, when zinc and iron ara placed together in a moderately strong 
solution of caustic potash, hydrogen is freely disengaged, even without the application 
of heat, the zinc being oxidised and the hydrogen evolved at the surface of tbe 
iron. A similar effect is observed if platinum, copper, or tin he substituted for the 
iron; but with these metals the action is less ’ energetic The addition of a intmto 
to the liquid is followed by an immediate evolution of ammonia. To apply this 
roaotiou to the detection of nitric acid, the liquid to be examined is reduced 
to a small bulk and poured into a test-tube containing 2 or 3 gi-ammes of a mixture 
of granulated zinc and clean iron-filings. A small quantity (6 or 6 cub, cent.) of 
strong potash-solution is then added, and the whols ia heated to hoihng. Ammonia 
may then bo detected at tbe mouth of the tube by its usual characters, viz, its odour, 
its alkalme reaction, and the formation of dense white fumes when a rod dipped in 
dilute hydroohlono acid is held near the mouth of the tube ; 6 milligrammes of nitre 
thus treated give a distinct reaction with reddened litmus. The delionoji of the tost 
may be greatfy increased by the nse of yotassio-iodids ofmeriury (the solution obtained 
by adding iodide of potassium to corrosive sublimate till the scarlet precipitate first 
formed just redissolves), which produces a red or brown precipitate, according to tlie 
quantity of ammonia present. The mixture ehoiild he gently heated, and the evolved 
gases passed into a small quantity of dilute hydrochloric acid The acid solution is 
then to be supersaturated with potash, and tested witli a drop of potassio-iodido of 
mercury ; 0 001, 0 0006, and even 0 0001 gramme of saltpetre thus treated gives a 
distinct red coloration (A, Vernon Haroourt, Chem, Soc, J. xv, 381) Selinlze 
(Chem,' Centralblatt, No, 63) proceeds in a similar manner, hut uses platinised zinc in 
place of the mixture of zinc and iron. 

This method, which may be used also for the quantitative estimation of nitric acid 
(p. 89), serves to diatmgiilsh that acid fi-om all others excepting nitrous acid. 

8, Strong nitric acid converts phenol (or carbolic acid) into reddish-brown nitro-phe- 
noL To apply this reaction totnc detection of nitric acid, 1 pt of phenol is dissolved 
in 4 pts, of strong sulphuric acid, and the solution is diluted with 2 pts. of water. The 
substance to be tested, if in eolution, is evaporated on a porcelain crucible or its cover, 
and a drop or two of the phenyl-sulpbiine acid is allowed to fall upon it at a tempera- 
ture of about 100° If nitric acid is present, a reddish-brown colour is immediately 
produced. This test is said to be more delicate than that with ferrous sulphate, 
having given a distinct indication of the presence of iiitnc acid in the residue of a di'op 
of water not containing more than 0-000006 gramma of saltpetre, whereas four such 
drops were not sufficient to gii e a perceptible indication with the iron test ' If organic 
matters, or compounds of dilonne, bromine, or lodmo are hkewise present, from whicli 
sulphuric acid would separate carbon or the haloids, it is best to add a drop or two of 
strong ammonia to the coloured product, when the haloids will ho dissolved in the form 
of colourless salts, and the caihon will remain suspended in small particles, not inter- 
fering with the recognition of the characteristic yellow colour of nitrophenylate of 
ammonium. (H. Spreugel, Chem. Soc. J. xvi 396 ) 

AH the reactions above described arc exhibited by nitrons as woU as by nitric acid, 
and even with greater facility, for the nitntes are more easily deeomposible than tlie 
nitrates, and nitrous acid, though it contains lees oxygen, is a more powerful oxidising 
agent than mtrio acid. The nitrites are however distinguished from nitrates by the 
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reactions already described (p 71). According to B. Price (Chem. Soc. J. ir 251), 
nitric acid free from nitrous acid does not decompose iodide of potassium or piodiioe a 
brown coloration with ferrous salts, or decolorise indigo, these etfects being produced 
only after a portion of the nitiio acid has been reduced to nitrous by warming with 
Bulphnric acid The reactions with indigo and hydtoehlorie acid (3 and 6) are likewise 
piodueed by the oxygon-salts of chlorine, bromine and iodine, hut these salts are easily 
distinguished from nitrates and nitrites by the fact that they leave when ignited a 
residue of chloride, bromide, or iodide of silver ; also by their reaction with mtrato of 
silver, and many others. 

Quantitative Analysis of Nitrates. Estimation of Nitric amd. 

I. GnaviMETmo methods 1. Sy neutralisaiion with Baryta — ^The quantity of free 
nitric acid in an aqueous solution may be determined by agitating the liquid with 
carbonate of barium till the acid is completely neutralised, then filtering, evaporating 
to di'yness, taking care not to boat the residue too strongly, and weighing the dry 
nitrate of barium thus obtained. 100 parts of this salt correspond to 41 39 parts 
and 48 28 parts H'N»0«. 

Or, the solution of nitrate of barium may be decomposed by sulphuric acid, the pre- 
cipitated sulphate of barium weighed, and the equivalent quantity of nitric acid 
thence determined 100 parts Ba"SO* = 46’S6 parts N'0“, and 64 08 parts 
H-N-'0“ 

If the solution of nitric acid is very dilute, so that it decomposes carbonate of 
barium hut slowly, it is better to neutraUse with baryta-water, then pass carbonic ' 
iiuhydi'ide through the liquid, to remove any excess of baryta, filter, and treat the 
filtered solution of nitrate of bai-ium as above. 

When nitric acid is combined with a base, it may be liberated by distilling a 
solution of the salt with sulfihurio acid, in the proportion of at least 1 at. sulphuric 
acid (H^SO^) to 1 at. of the nitrate. The mixture, which should be rather dilute, is 
distilled from a tubulated retort into a receiver provided with efficient means of con- 
densation, the distillation being carried nearly to dryness After the residue has 
cooled, more water is added, and the distillation is repeated with a fresh receiver. 
The quantity ot nitric acid in the united distillates is then determined by neutralisation 
with baryta, as before. With the proportion of sulphuric acid above indicated, and a 
considerable quantity of water, there le no reason to fear the reduction of any portion 
of the nitiio acid to a lower oxide of nitrogen 

The residue in the retort serves for the estimation of the base In the case of the 
stronger bases, viz the alkahs and alkiilitie earths, whose sulphates can sustain a red 
heat without decomposition, tins residue may be heated till all the excess of sul- 
phuric acid IS driven off, the expulsion of the last portions being facilitated by placing 
a piooo of carbonate of ammonia in the crucible. A neutral sulphate then remains, from 
which the quantity of base may be calculated, and this, deducted from the total weight 
of the anhydrous nitrate, gives also the quantity of nitric anhydride The woato 
bases whose sulphates are decomposed by igmtion, must ho determined by precipitation 
in the mimiier specially adapted to each. 

The following methods of separating nitric acid ftom bases may also he adopted in 
particular Cases 

Nitiates whose bases are precipitated by baryta-water and are insoluble in excess of 
that reagent, may he analysed by boding them, either m the eolid state or in solution, 
with excess of baryta-water, then filtering, removing the excess of baryta by carbonic 
anhydride, and determining the quantity of nitrate of barium in the filtrate as 

Some nitrates, as those of lead, copper, bismuth, &c, may be decomposed by 
sulphydrio acid, the metal being precipitated as sulphide, care bemg taken to dilute 
the solution and not to use a large excess of snlphydiac acid otherwise sulphur may 
he precipitated, and part of the nitric acid converted into ammonia. The filtrate, 
containing the whole of the nitnc and a small quantiiw of sulphydric acid, is mixed 
with baryta-water ; a stream of carbonic anhydride is then passed through it, to pre- 
cipitate the excess of baryta and expel the sulphydric acid ; the liquid again filtered ; 
and the filtered solution of nitrate of banum treated as above 

In other cases, the bases may be precipitated by an alkidino sulphide, best with 
sulphide of barium. The liquid filtered from the preeijpitated metallic sulphide then 
contains nitrate of barium and’ excess of sulphide of barium, and may be treated in the 
manner just described 

From nitrate of barium, the base may be precipitated by sulphuric acid , fi’om the 
nitrates of strontium and oaloium, by sulphuric acid and alcohol The filtrate is 
neutralised with baryta- water, and the nitric acid determined as above. 
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From the nitiates' of ammonium, potaasium, sodium, lithitim, and magnosinm, 
tile acid is most easily separated by distillation with sulphuric acid, as abeudy 
described, 

r 2. By the loss of weight sustained by Nitrates on ignition — All nitrates are decom- 
posed by heat, the nitrogen being wholly, the oxygon sometimes partly and sometimes 
wholy expelled, and the base remaining either as an oxids or as metal. Silver, pal- 
ladium, and other noblo metals lU'e left in the metalhc state when their nitrates are 
heated to redness, lead, bismuth, copper, cadmium, zme, niclccl, magnesium and one or 
two of the rarer mefcils, remain as protoxides, M''0 In the former case, if the salt is 
anhydrous, the loss of weight sustained on ignition consists of in the latter of , 
but in many cases, as with the proto-siuts of iron, cobalt, and manganese, the result is 
complicated by the formation of an oxide of higher degree of oxidation than that which 
may be supposed to exist m the original salt. The nitrates of the alkali-metals and 
aUcahne-earth-metals part with the whole of their mtne anhydride when very strongly 
Ignited, leaving the bases M'‘0 or M"0 ; bpt these hasas can scarcely he prevented 
fi'om absorbing small quantities of carbonic acid from the air dunng the process, or as 
they cool ; moreover, they attack all vessels in which the ignition can be performed, 
ludting partly with their suhstanee , hence the amount of acid in these nitrates cannot , 
he convemently determined by ignition. 

According to Sehaffgotsoh, the amount of acid in a nitrate may he easily deter- 
mined by Igniting a flnmy pulverised mixture of the salt with anhydrous borax in a 
platmum omoible, taking care to raise the heat gradually. The loss of weight then 
gives the amount of nitno anhydride 

Eeioh (J. pr. Chem. Ixixiu. 262) estimate the amount of nitric acid in alkaline 
nitrates by igniting them, mixed with from 4 to 6 times their weight of pounded 
quarto; the loss of weight then also gives directly the quantity of anhydride, 

8. By convemon of nitrates into cWondes— The nitrates of the alkali-metals and 
alkaluia-earth-metals may be_ converted into neutral chlorides, of perfectly deflinto 
composition, by igniting them in a covered platmum crucible with excess of chloride of 
ammonium, as long as fumes of sal-ammoniac continue to escape, the operation being 
repeated till the weight of the residual chloride becomes constant. The quantity of 
base is then determined by calculation, and from this, the quantity of nitric acid in the 
salt. 

The chlorides of most of the heavy metald suffar partial decomposition when ignited, 
especially m contact with moisture. 

4. By the action of Arsemous anhydndo . — ^Nitric acid converts arsenious into arsomo 
anhydride, according to the equation, 

As*0» + 2HNO’ = As«0» + 2H1T0». 


Hence for every molecule of arsenic anhydride produced, two molecules of nitric acid 
(HNO>) must be decomposed. To apply this reaction to the estimation of nitric acid, the 
salt to be analysed (which must not contain lime or phosphoric acid) is mixed with three 
times its weight of arsemous anhydnde ; the whole dissolved in strong liydroohlorio 
acid; the solution evaporated to dryness; ammonia added in excess ; and the arsenic 
precipitated by addition of sal-ammoniac and sulphate of magnesium, as ammomo-mag- 
mum arsenuiie, which, when dried at 100°, has the composition (NH‘)*Mg‘'As'0“ H^O 
From the weight of this salt, the amount of nitric acid is calculated by the proportion, 
(NH*)Wg»A8*0».H'O • 2HNO» = 380 . 126. 


Estimation of Water in Nitrates.— In thohydrated nitrates of the stronger bases, the 
amount of water is easily determined by heating them to 100“ the water being then 
completely expelled without any loss of acid. But the nifrates of the weaker buses 
cannot bear this temperature without decomposition, and in these the water must he 
determined at the same time as the nitrogen, by igniting the nitrate in a combustion- 
tube, at the open end of which is placed a quantity of copper turnings, and attaching 
to the combnstion-tube a diying tube containing chloride of calcium, in the same man- 
ner as for organic analyses. On heating the tube, the water and nitric anlijdride are 
dnven off; the water collects in the chlonde of calcium tube, the increase of weight 
of which determines its quantity , and the nitoe anhydnde is reduced by the red-hot 
“PP® to Praa nitrogen, which passes on and may he collected over mercuiy and 

Separation (f Nitrates from Chlorides . — AH ehlondes containing metals which form 
insoluble phosphates, may he separated from nitrates by heating the solution eonlaiiung 
them with phosphate of silver. A trace of that salt, which remains in solution, may 
be easily determined, and m some cases separated by means of alcohol Lassaigne 
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In eome oases, carbonate of silver is a more convenient precipitant than tlie phos- 
phate, especially for separating the chlorides of the alkahne earth-metals and of mag- 
nesium from the corresponding nitrates In other cases, however, the carbonate can- 
not be used, because a great number of oxides are precipitated by it 

The chlorides of the alkali-metals cannot be separated from the nitrates by this 
method, bec,iuaB the phosphates of those bases are soluble The method most generally 
adopted for estiraatingthe quantity of chlorides contained in alkaline nitrates, especially 
in crude saltpetre, is to precipitate the chlorine hy nitrate of silver, and determine its 
amount, either by collecting and weighing the precipitate, orhy the volnmetnc method 
with chromate of potassium (i. 260). 

IL VoLTJMETKio METSons. 1. By neutralisation. See Anai-ysis, Volometmo 
( i 261). — If sulphuric acid is the standard acid used, and the number of burette divi- 
sions of the standard alkaline solution required to neutralise equal weights of the 
standaid sulphuric acid and of the nitno acid to he tested, are denoted by p and 
then the quantity of nitric acid (HNO“) contained in 100 pacts hy weight of the acid 
under examination is given by the formula 

X » 100 . I . |, = 128.07 J 

If for example^ = 22 and^i' «■ 60, then sc => 66 6, or 100 grammes of the acid 
contain 66 6 grammes of real mtrie acid The preentage of nitric anhydride wUl be 
found by substituting 64 for 63 m the preceding formula. 

2. Bj/ the oxidation of Ferrous salts (Pelouze’s process). — A. ferrous salt healed 
with nitric acid is converted into a ferric salt, with evolution of nitric oxide, eiery 
3 at. iron (Ffe ■=■ 66) thus further oxidised corresponding to 1 at. nitric acid decom- 


6FeO + 2HNO' - SbVO* + 2NO + H'O 


A quantity of pure iron (harpsichord wire), more than can be converted into ferric 
oxide by the nitric acid to be estimated, is dissolved m excess of hydrocblorio acid, con- 
tained in a loug-neoked flask ; a laiown weight of the mtac acid or nitrate to bo tested is 
then added, and the whole boiled tdl the liquid acquires a clear yellow colour It is then 
diluted witli water, and the excess of iron stiU present as ferrous salt is estimated by 
me.iiis of a standaid solution of permanganate of potassium, as described under 
Analysis, Volumutbio (i 263). 

Tins process is well adapted for analysing iniitm-ea of sulphm'io and nitric aeids 
used in the manufacture of gun-cotton, for mixtures of nitric acid with water, .md is 
much used for the valuation of saltpetre. To ensure accuracy, access of air to tho flask 
must 1)6 carefully avoided, as the nitric oxide which is generated would he thereby 
converted into a higher oxide of nitrogen, and thus peroxidise a farther portion of tlie 
iron, Other sources of error are the reduction of a portion of the permaiimnio acid hy 
nitric oxido remaining iii the liqmd, and the escape of nitric acid withoutliaving acted 
on tho iron solution. To obviate these sources of imiecnraoy, Froseuius (Ann Oh. 
Pharin. cvi. 217) recommends tho following method of operating. A long-necked 
tubulated retort, having a capacity of about 200 cubic centimetres, being placed witii 
its neck ineiiiied sbghtly upwards, about I'O grammes of pure iron wire is introduced 
into the bulb, and from 30 to 40 cubic centimetres of pure filming hydrochloric 
acid is poured in. A stream of hydrogen gas, previonsly washed with potash-ley, is 
tlieu passed into the retort by a glass tube passing through the tubulure, and entering 
the retort to the depth of about half-an-mcli, and the neck of the retort is oonnected 
with a U-tube containing a small quantity of water The bulb of the retort is suns 
in a' water-hath, and heated gently till the iron is completely dissolved. The solution 
IS left to cool m the current of hydrogen , the current is then strengthened, and a 
quantity of the nitrate to be tested (not exceeding O'i gramme for saltpetre) haiing 
been weighed out in a smaE test-tube, is introduced, together with the tube, through 
the neck of the retort into the bulb. The connection of the neck of the retort with the 
U-tube is then restored , the contents are heated in the water-bath for a quarter of 
an hour, the retort is then removed from the water-bath, and heated over a lamp 
to bri.sk ebullition, till tho solution, which is at first dark-coloured from absorptioi) 
of nitric oxide gas, has acquired the light brown colour of feme chloride, after 
which the boiling is continued for a few minutes longer. Care must he taken not to 
allow any portion of the salt to dry on the sides of the retort. Before the boiling is 
arrested, the stream of hydrogen must he accelerated, to prevent air from entering 
tlu’ough the U-tube as the boibng ceases The solution, after cooling in the current of 
hydrogen, is largely diluted with water, and the quantity of iron still remaining as fer- 
rous salt IS determined by means of permanganate or chromate of potassumi 

A modiflcatiou of this piocess proposed hy C. D. Braun. (J. pr Cbem, Isxxi. 421) 
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consists in boiling the nitrate -with an acid solution of ferrous chloride, in an atmo- 
sphere of carhonio anhydride, tiU all the nitric oade is drawn off, then wanning the so- 
lution with iodide of potaasinm, whorohy iodine is separated, according to the equation — 
Fe»ai“ + 2KI = ZFeCl’ + 2E;C1 + I’, 

and estimating the liberated iodine hy means of anlphuious acid or hyposulphite of 
sodium, 

ScMosing’s method. — This method, also founded on the reducing action of hoUing 
hyiochlonc acid and ferrous chloride on nitrates, consists in collecting the nitric 
oxide evolved in the reaction over milk of lime, to free it from any hydrochloric acid 
that may pass over with it, carefully preserving it from contact of air, then transfeuTing 
it into another vessel, and converting it into nitne acid hy mixing it with oxygen in 
a vessel containing water ; the quantity of this acid is then determined volnmotncally 
hy means of a standard solution of lime in sugar-water. This method has the advan- 
tage of not heing affected by the presence of organic matter — which would vitiate the 
Te.sult obtained hy Peloiiae’s process, hy reducing a portion of the permanganic acid 
used to oxidise the ferrous salt and making the amount of nitric acid come out 
too small It has been applied by Schlosing to tho determination of nitric acid m 
tobacco; hut it is difficult of exeeution, and not generally applicable. (Ohem. Gaz. 
18S4, p. 398 ) 

3. Jiy the reducing action of Mercury (Crum, Ann, Ch Pharm. Ixii, 233). — This 
method resembles the last, inasmuch as it depends on the collection of the nitric oxide 
evolved in the reaction, hut differs fi-om it, in completing the determination hy the 
direct measurement of this gas, instead of hy its reconversion into nitric acid A 
weighed quantity of the nitrate is introduced into a graduated glass tube filled with 
mercury, and standme over mercury, a quantity of water sufficient to dissolve the salt 
is tlien passed up, and lastly a laige excess of strong sulphurio acid. The nitno acid 
thus set free is reduced by the mercury to nitric oxide, which coUeota at the top of the 
vessel, the decomposition, accelerated by occasional agitation, heing complete m about 
two lionrs. The level of the sulphune acid is then read off, and a warm eoncenU'ated 
solution of ftrroiis sulphate is passed up to the top of the liquid. This ahsorhs the 
whole of the nitrio oxide, leaving only a small quantity of nitrogen, nnsing from air 
left in the tube. The volume of gas absorbed is then observed, and the amount of 
nitrio acid in the salt thence determined by calonlation This method, which giies 
exact resnlts, has been applied by Crum to the determination of nitric acid, not omy in 
saltpetre, but also in gun-cotton, after it had been ascertained that the presence of organic 
matter did not interfere with the liberation of the nitric oxide. To introduce the gun- 
cotton, and likewise pnlvomlenl substances, above the mercury. Crum encloses them in 
a small glass tube. H. Eose recommends wrapping them in filtering paper. 

4. jBy the reducing action of copper at a red heat — When the vapours evolved hy 
igniting a nitrate are passed over red-hot metallic copper, the copper takes np the 
whole of the oxygen and hberates the nitrogen, which may he collected and measured 
over mercury The apparatus used and the mode of operating ere the same as in 
Dumas’ method for the absolute doterniin.ition of nitrogen in organic bodies (see 
ANxnvsis, OnaAino,!. 242). 1 parthy weight of nitrogen corresponds to S 857 piUrts N0‘. 

If the nitrate contains water, a chloride of calcium tube must be inserted between 
the combustion-tube and the gas-dehvoiy tube. 

5. Sy conversion into AmMOJim — hfitrio acid, as already observed (p 84), is con- 
verted, hy tho action of nascent hydrogen, evolved by the action of zinc on dilute 
acids or on solution of potash, into ammonia, each molecule of ammonia produced 
corresponding to 1 molecule of nitric acid; iTOO* + H“ = NH’ + 3H’'0 The 
reaction may be applied in various ways to the estimation of nitrio acid. 

a. Martin's The salt or solution containing the nitrio acid (after being 

boiled with excess of potash, to expel any ammonia that may he present), la treated 
with washed metallic zinc and sulphnric or hydrochloric acid , an^ after the reaction 
IS finished, the liquid is distilled with potash, to expel the ammonia, which is either 
estimated volumetrically hy means of a standard acid hqnid, or received in a bulb- 
apparatus contaimng hydrochloric acid, and subsequently precipitated hy platinio 
chloride A considerable cfiiautity of zinc must he used, equal to at least four times 
the weight of tlie nitric acid to be estimated, because a portion of the hydrogen always 
escapes in the free state without acting on tho nitne acid. The reaction is not inter- 
fered with hy the presence of nitiogenouB organic bodies, such as uric acid, quinme, 
the organic matters in mmeral waters, &c. 

b. Harcourt's method (Chem. See. J. xv. 383).— In this process, the hydrogen is 
evolved hy the action of caustic potash solution on zmo m contact with iron (p. 157). 
A standard solution of sulphuric acid is used for the collection and determination of 
the ammonia, the excess of acid employed being finally determined by means of a 
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standard solution of ciiuatio potash. Or the ammonia may he eondenaed in hydro- 
chloric acid and precipitated by chloride of platinum, but the Tolumetrie method gives 
perfectly exact results The result ts not affected by the presence of sulphate of 
potassium or chloride of sodium. 

For the estimation of nitric acid in other than alkaline nitrates, it is sometimes 
advisable to separate the base before proceeding to determine the nitric acid as above. 
Kitrate of barium, when directly submitted to this method of analysis, gives perfectly 
^od results, but nitrate of lead showed aslight deflmeney in the amount of nitric mad, 
due probably to an action of dissolved oxide of lead on the surface of the zinc 

6 By reduction to Nitrio Oxide and subsequent conversion of that oonwound into 
Ammonia. — The conversion of the mtno amd into nitric oxide is effeoteC as in Pe- 
louze's method (p. 86), by boiling the solution of the nitrate with ferrous chloride 
and free hydrochlorio acid; and the nitric oxide is converted into > ammonia, either 
by passing it mixed with hydrogen over platinum-sponge heated nearly to redness 
(NO + = NH® + by which method, however, the eonvorslon mto ammonia 

IS completely effected only when the quantity of nitric oxide present is very small, 
that is to say, when only a small quantity of nitrate is operated on, or, secondly, and 
more effectually, by passing the nitric oxide mixed with sidphydric acid gas, over nearly 
red-hot soda-lime • 

N“0« + 3H*S + 2CaO = 2KH> + CaSO* + CaS*. 

In either ease, each molecule of ammonia produced corresponds to one molecule of 
nitric oxide, and therefore also (p. 87) to one molecule of nitric acid. The ammonia 
produced by the reaction is collected in an absorption-apparatus in a measured quantity 
of standard sulphuno acid, and the excess of acid used is determined by a standard alkii- 
hne solution. Tins process was devised especially for the estimation of small quantities 
of nitno acid existing in plants, soils, waters, &c. From 10 to 100 grammes of the sub- 
stance (or of the residue obtained by evaporating the water) is exhausted with boiling 
water, and the concentrated solution is treated as above described. (G. Vill e, Compt. 
rend, xi 939 and 987 ) 

7. Sy the action of Stannous Ghlonde. — Each at. nitric acid converts 4 at stannous 
chloride into stannic chloride ■ HNO* -h 4SnCl“ + 8H01 = 4SnCP + NH* -t SH'O. 

• — The nitric acid or nitrate is heated with a Imown volume of the acid tin-solution 
in a sealed tube to about 150° for ten minutes, and the remaming stannous chloride 
IS estimated by a standard solution of acid chromate of potassium. (Pugh.) 

Metallic Nitrates, 

WiTKiTB OF Anuiiiirioit. — The normal salt, A1'"N*0'.9H’0, crystallises from a 
concentrated solution of hydrate of aluminium in nitric acid, in ohhque, rhombic, very 
short prisms, which melt at 73°, solidify to a crystalline mass on cooling, deliquesce in 
the air, and dissolve very easily in water and in nitric amd Half an ounce of the 
pulverised crystals mixed with an equal weight of acid carbonate of sodium or ammo- 
mum, produced, on solution in water, a faU of temperature from + 10'6° to —23 3° 
(Or d way, Ann. Oh Pharm Ixxvi 247, see also Salm-Horstmar, Jahreab 1S50, 
p 301). This salt treated with hydrate of aluminium appears to yield a series of basic 
salts analogous to the basic ferric nitrates (p. 94) (Ordway). Berzelius obtained 
a basic nitrate of alummmm in the form of n pasty mass by precipitating the neutral 
salt with ammoma 

Niteatb of AMMOMiniL Nitmm fammans. (See AuntoHiioan 

Saxts, i 192.) 

Niteatb of Baeiusi. Ba"O.N’0‘ or Ba"N“0“. Saryia-saltpeire, — ^Prepared by 
treating the solution of sulphide of barium or the native carbonate (Withente) with 
dilute nitric acid, or by precipitating the solution of the sulphide or chloride with nitrate 
of sodium. It orystaUlses in regular octahedrons and combinations of that form with, 
others of the regular system, especially the cube. The erystala are permanent in 
the air, white, transparent, or translucent, have a specific gravity of 3T848 (Karate n), 
and a sharp, sahne, bitter taste ; decrepitate when heated, and melt at a comparatively 
low temperature. At a red boat the salt decomposes, pvmg off oxygen, nitrogen, and 
nitric peroxide, and leaving a residue of pure baryta It detonates slightly with com- 
bustible bodies, and decomposes with a yellowish light when thrown on glowing coals 
It dissolves in water with slight depression of temperature 1 pt. of the salt dissolves 
in 20 ptsi water at 0° ; in 12 6 pta. at 15° j in 6'9 pts. at 46° ; in 3 4 pts. at 86° ; 
and in 2'8 pts at 106° (Gay-Lussac). According to Karsten, it dissolves in 11 66 
pts. water at 20°, forming a solnticm of specific gravity 1 0678. In water containing 
nitrio acid it is much less soluble, so that a neutral solution from which nothing wiU 
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crystalliso yields an additional crop of crystals on addition of nitric acid hence also 
tho necessity of using dilute nitric acid in preparing tho salt fcora the carbonate, &c. 
In strong nitric acid it is quite insoluble ; ^so in alcohol. 

' From a solution cooled to hetween 12° and 0°, Hirzol (Zeitschr. f. Pharm. 1851, 
p. 49) once obtained a hydrated salt containing Ba'N’O" 2B.^O 

An areto-nitraU of banwm, Ba"(N0»)(C'HW) 4H'’0, is obtained by dissolving 
acetate of barium in excess of the nitrate, and crystaUises from the motber-hquor after 
the excess of nitrate has separated, m large, right, rhombic prisma (Lucius, Ann. 
Ch. Pharm. ciii. 113 ) 

NirsATBs OP Bismuth. The«or-»ial salt, Bi"'N»0',6H“0 orBPO».3N“OM6H“0, 
is obtained by dissolving the pnlvensed metnlorthe oxide or carbonate in moderately 
strong nitric acid. The concentrated solution, which corrodes paper, and must there- 
fore he filtered through asbestos or pounded glass, deposits the salt on evaporation in 
large crystals, whieh are very deliquescent, extremely caustic, and melt in their water 
of orystaJhaation when gently heated. 

Basic salts.— K bismuth-nitrate having the composition 2Bi'"110‘.H“0 =• ^0^2 1 O' 
or Bi'O' N^O'.H'O, is obtaiiied by heating the normal salt to 78° (Graham, Ann. Oh. 
Pharm. xxix. IS), to 160° Gladstone (Chem. Soo. Mem. iii. 480). Aocording to 
Buge (Jahresb, 1862, p 163), tho normal salt heated for a certain time to 78° leaves 
th6hasi0BaltBl'"NO'HNO'-(^Q®|o' or Bi'0'.2N*0» H*0 ; but if it be kept at 
that temperature till it no longer loses weight, the residue consists of 2Bi"'B0'.H“0. 

The acid solution of the normal salt is decomposed by water, with precipitation 
of a white basic salt formerly called magistery of bismuth. The composition of this 
precipitate is variously stated by different chemists, and appears to vary according to 
tho quantity of water added, and the length of time for which the washing is oon- 
tmued. Aocording to Euge (ico. mt) it consists mainly of the salt BfriO^.H^O 
or Bi'0*.N'0'.2H'0, mixed with variable quantities of BG0".2BiN0''.H*0 or 
2Bi“0' N'O'.H'O, the proportion of the latter increasing with the quantity of wash- 
water used, (See also Handw. d. Chem. vii. 176.) 

Nitbate OP CnssiuM, CsNO*. See Osshjum (i. 1116) 

Niteate op OABMinu. 0d''0.N*0'.4H’0 or Cd"ir’0“ 4H®0. — Tufts of needles 
and prisms which, aocording to Meissner, deliquesce in the air, dissolve in alcohol, but 
without colouring the flame. According to Otdway (Sill. Am, J. [2] xmvu. 14), the 
salt melts at 69 6“, boils at about 132°, and remains clear and mobile on prolonged 
boiling till fths of the water has gone oflf. 

Nitbate op Oapoium. Ca"N®0'4H'0. — This salt occurs on many parts 
of the earth's surface where the condiUons are favourable to the formation of 
nitric acid, and calcium-salts (especially the carbonate) are likewise present. In 
many limestone caverns, thoseof Kentucky for example, it takes the form of silky efflores- 
cences of a white or grey colour. It also occurs on the floors and walls of stables and 
other badly-drained buildings in which urine, blood, and other animal matters are left 
to putre^. From the soil it often passes mto wsll-water. When it forms on walls it 
causes rapid disintegration of the mortar, because, hemg very soluble and deliquescent, 
it is rapidly carried away by rain-water and atmospheric moisture ; hence it is called 
the saltpetre-rot In Franco, Prussia, and other countries of Europe it is formed 
artificially in saltpetre-plantations, consisting of heaps of decomposing vegetable 
and nipmal matter mixed with cinders, chalk, marl, &e., which are frequently moistened 
with urine, dunghdl-water, waste soap-suds, &c After qxposuro to the am for two or 
three years, the mass is hxiviated, and the crude liquor, which is chiefly a solution of 
nitrate of calcium, mixed however with the nitrates and chlorides of potassium, sodium 
and magnesium, is treated with carbonate, sulphate or chloride of potassium, in order 
to convert the nitrate of calcium into nitrate of potassium (soe Riohardson and Watts’s 
Chemical Techndlogi/, vol. i. pt. 4, pp 281 — 289). 

Pure nitrate of calcium is best prepared by neutralising nitric acid with kme or 
carbonate of calcium. The solution, when evaporated to dryness, leaves the anhydrous 
' salt, which has a specific gravily of 2-472 (Kremers), a warm bitter taste, dissolves 
easily m water and m alcohol, and may he heated to incipient fusion without decom- 
position. The p,iitially decomposed salt is phosphorescent {Baldvm’s phosphorus) 
At a higher temperature it is decomposed, givmg off oxygen and nitric peroxide. It 
detonates slightly with combustible b^es. 

A very strong aqueous solution of the silt crystallises witli difficulty in deliquescent 
six-sidcd prisms terminated by aente pyramids — monocliiuc combintitions, according 
to Marignac— containing Ca"N’0‘.4H’O ; according to Mitschorhoh, the same hydrate 



NITEATES. 


91 


is pieeipitated as a crystallino powder from the aqueous solution on addition of uitac 
acid. According to Ordway {loo. oii.) the hydrated salt melts at 44°, hut if heated 
somenhat above its melting point, remains liquid tiE it has cooled down to the ordinary 
temperature, and if then touched with a crystal of the same salt, solidifies quichly, 
witli consiilerahle rise ot temperature and contraction. Its specific gravity at 16‘6° is 
1 90 in the solid, and 1 70 in the hquid state The fused salt begins to boil at 132°,and 
remains clear during boding down, till about one-third of the water has gone off, and 
then deposits tho anhydrous salt, without loss of acid. The anhydrous salt evolves 
great heat on oombiuiiig with water. 

Nitraths on Gebium,— a. Ceroasmirate,Ce"O.J<r‘0‘AmOoT Ce'WOUB^O, 
IS obtained by dissolving eeroso-ceric oxide in nitric acid in presence of alcohol or somo 
other reducing substance, fi'lia filtrate evaporated to a sjrmp yields the salt on cool- 
ing, ns a faint rose coloured crystalline mass, which gives off half its water at 160° 
and decomposes at 200°. (L. J. Lange, J pr Cbem. Ixxiii. 129 ) 

Ammotno-oerous mtrate, (NH^)NO’.Co"ir=0“ 8H 0, obtained by evaporating a mix- 
ture ot equal paita of the moderately coneontrated solutions of tho component salts, 
and crystallising over lime and chloride of aalcnim, is colourless, very soluble m water 
and alcohol, and deliquesces lu moist air (Holzmann, J pr Cham Ixxxiv. 76.) 

A mixture of oerous nitrate and mtrate of potassium concentiated to a syrup 
and then left over oil of vitriol, yields smaU crystals of poiassio-cerain nitrate, which 
gave in one analysis results agreeing with the formula 4KN0’.3Ce"lT'‘0“.4H‘'0, 
but were not found to be of constanf composition fLango) — •Magnesm-eenytis nitrate, 
Mg'N^O®. Ce''N“0“.8H’0, is obtained on adding alcohol to the mixed solutions of its 
component salts, m faint rose-coloured crystals, soluble in water and in alcohol, they 
give off 3 at water at 110°, and tho rest at 200°, melting at tho same time (Lange). 
According tp Holzmann, this salt is colourless and contains only 6 at. water Tho 
double saEs of cerous nitrate with the nitrates of manganese, cobalt, moM, and nine, 
are similar in composition (with 8 at. water) to the magnesium salt, and crystallise 
very easily from solutions mads as neorly neutral as possible, in regular six-sided 
tables , they sometimes, however, exhibit hemihedral forms, and frequentljy have three 
alternate sides lo^er than the intermediate ones. The manganese salt gives off 4 at. 
water at 160°. (^Lango) 

Cerio oande dissolves slowly in nitric acid, forming a reddish-yellow Equid, which 
leaves on evaporation a reddish-yellow viscous mass, exhibiting distinct indications of 
crystalbsatiou, It absorbs water from the air, and leaves when ignited a oeroao-ceria 
oxide winch, according to Marignae, has nearly the composition 3Ce"0 2(Ge'‘)’‘0‘. 

An ammonio-aeroso-eet to nit) ate, ^■*^/P^|N“0'‘.(Ce’)’'N*O*“.3H*O, is obtained by 
mixing the solutions of nitrate of ammonium and ceroso-cenc mtrate and evaporating 
over ume and chloride of calcium, it forms nodular groups of very deliquescent, 
orange-red crystals, consisting of microscopic six-sided piisms (Holzmann, loc. cit,) 

Nitbates OS' Cheomium. Normal ohromic nitrate, Ci'i'O’.SN’OMSH^O or 
(Gr“)’‘K"O’M8H“0, IS obtained by dissolving chromic hydrate in nitricacid The solu- 
tion, which IS blue by reflected, red by transmitted light, dries up when evaporated to a 
gummy fissured mass, which is dark green both by transmitted and by reflected light, 
and after being heated over the water-bath for several hours, dissolves only partially m 
wiitoT, forming a brown solution (Hayes). According to Ordway (Sill Am. J. [2] 
IX 30, xxvu. 14) the normal 'salt crystallises, though with difficulty, from warm 
water, in purple obbque rhombic prisms oontamiug 9 at. water, which melt at 37“ to a 
green liquid boiling at 126'6“, and form with cold water a purple solution which turns 
green when heated 

Basic Salts , — ^Normal chromic nitrate dissolves cliromio hydrate, the solution re- 
m,unmg clear till it contains 8Cr'-0’ or 3ir'‘0‘, by careful addition of alkali, two- 
thirds of the acid may be withdrawn without producing permanent turbidity Tho 
crystallised normal salt, heated over the water-hath till the loss of weight amounts to 
39 per cent , leaves a dark green viscid residua, very soluble in water, and consisting 
of UrUOn 2N'0'’ 12H'-0 ; on continuing tho heat, more acid and water escape, and the 
spongy residue which then remains dissolves quickly in water, forming a dark brown 
solution containing chromate and nitrate of cliromium (Ordway, Sill. Am J [2] 
XXVI. 197). According to Siewart(Ann. Oh. Pharm. cxxvi. 86), the saturated so- 
lution of chromic oxide in cold nitric acid contains the salt Cr'0’.2N-0‘, and the hot 
Fatiirated solution contains the salt 2Cr'‘0“ 3N“0“. Prom the latter, ether-alcohol 
precipitates ohromic hydrate, while blue normal chromic nitrate remains in solution 

Niteatb of Cobalt, Co"O.N»0'> BH'^O or Co"H=0» 6H=0 (or hH-O according to 
M illon) forms red prismatic crystals of spedfle gravity 1'83, according to Bojioker, 
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■which melt below 100°, and give off water at higher temperatures, the colour of the 
liquid changing from -yiolet-red to green, and finally swell up, give off red nitrous 
vapours, and leave black cohaltoao-cohaltio oxide. The aqueous solution has a crimson 
co'our, and may he used as a sympathetie ink. It is also much used as a reagent in 
hlow-pipe experiments (i 213). 

A iasic salt, 6CoO.N’0'.6H“0 or Co»Il‘0".3CoH'i02.2H'0, is formed as a blue 
precipitate, when a de-nerated solution of the normal salt is treated with excess of am- 
monia out of contact of air. After -washing and drying, it forms a green powder, 
probably containing cobaltoso-cobaltic hydrate. (Winkelblech ) 

The niti'atea of the cob(dt-am,mofmims have been already described (i. 1052-1066). 

Nitbates OS' OortHB. Normal empne nitrate, Ca"0 or Ou''N“0®, is obtained 
by dissolving metallic copper, cupric oxide, or cupric carbonate in dilute nitric acid. 
The BoUition is green at first (perhaps from admixture of cupric nitrate, and becomes 
blue only after standing for some time. From the blue solution at temperatures not 
below 20° (28° according to Ordway), the salt is deposited in dark blue prismatic 
crystals, oontiiming t!u"lT“0“,3H*0, according to Graham, Gladstone, and Ordway; 
4:H®0, according to Gerhardt. This hydrate melts at 114:-5°, and boils at 170°, gmng 
off nitric acid, and leaving a green basic salt (Ordway). At lower temperatures, pale 
blue prisma are deposited containing 6 at. water • they effloresce in vacuo over oil of 
■vitriol, mving off half their water, melt at 18“ (at 26-4“ according to Ordway), and 
aro resolved into a hqnid and crystals of the tri-hydrated salt. The latter decomposes 
at 66“ into &ee acid and a basic salt (Graham) 

3(CuN*0".8H''0) = Cu«N“0“ + + 7ffO. 


A hasio oaprio nitrate, 3Cu"0.N°0‘.H’0 => OuWO®.H.*0 (Graham), 4Cu"0. 

8H®0 = Cu"0.Cu*N®0*.3H’0 (Gerhardt), is formed by gently heating 
the normal salt (to 66“ — 300“), or by boiling its solution 'with copper or oupne 
hydrate, or mixing it with a small quantity of alkali , also hy treating cupric oxide with 
strong nitric acid, even in excess. It is a green powder, insoluble m water, soluble in 
acids , It hears the temperature of molting load almost without decomposition, but la 
decomposed at a rod heat, leaving cupric oxide; it also yields cupric oxide when boiled 
with potash (Proust). According to Yogel and Eeiaohauer (.Tahresh. 1869, 
p. 216), the salt 40u"0.N’0*.3H’O is obtained in light, iridescent, greenish-blue larointe, 
by hoihug the mixed solutions of normal cupno nitrate and nitrite of potassium, or the 
green liquid obtained by passing nitrons aoid gas into water in which cupric hydrate 
IS suspended. 

Di-ammonui-eupno nitrate, crystallises very easily from aqueous 

solution, and explodes violently when the solution is evaporated by heat beyond a certain 
degree of conoentration. , 

Nitrate of Ammo-enprammontwn, 0u"N’O'’,4MH», has been already partially do- 
Bcribod ( 11 . 81). According to Marignao (Oompt. rend. slv. 660), it forms rhombic 
cr^stols With the predominating faces ooP, ooPoo , P« , and angles osP ; »P = 122° 
fara’ principal axis = 116“ 10', twins often occur with composition 

Niteatb op Didtmi-um, Pi''lf»0‘.— Easily soluble in water: the solution is 
rose-rod when dilute, -with a -violet tinge when concentrated: a syrupy solution 
solidifies on cooling to o dehqueseent mass of the hydrated salt, whioh melts and 
gives off Its water when heated above 300°. The anhydrous salt dissolves easily in 
alcohol rf 96 per cent , and a mixture of alcohol and ether, but is insoluble in pure 
ether, men strongly heated it gives off niteous vapours, and ultimatelv leaves a 
residue of brown peroxide of didymium. If the decomposition he stopped at a certain 
point, and the residue treated -with water, there remains a white mass) apparently oou- 
Bieting of a basic salt lfi»N«0«.Dl''HW.4ffO. (Marignac, Ann. Ch. Phys. (31 
xxxviii. 148, see also Hermann, Eep. Chim, pure, 1861, p. 63.) ^ ^ 

Sr^iTBATB OP Ebbium:. Permanent m the air; mostly cole 
slightly reddish ; forms a oolonrloss solution. 

NirnATB OP Giticihum, Gl"O.NW.8ffO or Gl"N=0».SHS0.-0htained by de- 
composing the sulphate with mtrato of hanum, as a difficultly crystalbsahle very 

boils at 140-5° lemaiuing^lear wLn boiS 

do^ till the thermometer rises to 160“, and flrad tall cooled to 16° , the fused mass 

ft for twenty hours in 

a steam-bath, It left a thick tensparent residue, amounting to 60 per cent, of its weight 

porfeetlyeolubl6inwater,andconBistingofGrN=0-.GrH»0^2H"d. This basic salt lo 


; mostly colourless, sometimes 
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remains dissolved -when the aqueotia solution of the normal salt is treated in the cold 
with excess of carbonate of glucinum, whereas, on boiling, the whole of the glueina is 
precipitated in the form of a more highly basic salt. By the action of hydrate of 
glucinum, the normal nitrate may be converted into the tribaeio nitrate, 
(Ordway, SiU. Am, J. [2] zxvi. 197; xxvii. 14.) 

Nitbate os Gold? Fine gold-leaf, and gold recently precipitated by ferrous 
sulphate, dissolves m fuming nitric acid, but the solution is very unstable, being de- 
composed even by agitation with water, with precipitation of auric oxide, or if nitrous 
acid is present, of metallio gold. Auric oxide and hydrate bkewiso dissolve in faming 
nitric acid, forming a similar solution. 

Nitbatbs op IninAMMONiniis (see Xhidium-bases, Amioniacai,, iii. 824). 

Nitbates op Ibon. a. Fernc Nitrates. — ^The jjormol edit, FeW 3N“0M8E®0 
or (Fo’)’'‘(N0‘')®.18H“O, is prepared by dissolving metallio iron in nitrie acid of specific 
gravity 1 29, till the liquid has taken up about 10 per cent, of the metal, and then adding 
an equal volume of nitric acid of specific gravity 1 43. The solution, on cooling, de- 
posits the salt m oblique rhombic prisms of specific gravity 1 6836 at 20°, colourless 
or witli a faint lavender-blue tint, slightly deliquescent, very soluble, with a yellow- 
brown colour, in water, very slightly soluble in cold nitric acid. At 47 2° they melt 
to a deep red liquid, which remains liquid till cooled to 20°, and has then a speoifio 
gravity of 1 6712 ; part of the acid goes off at 100°, the liquid boils at 126°, and 
complete decomposition takes place at a red heat (Ordway, toe. eit.). Hansmann 
(Ann. Oh. Fbarm.' Ixxxix. 109), by evaporating the red-brown solution of iron in 
nitric acid to a syrup, at a gentle heat, then adding half the volume of nitric acid, and 
leaving the solution to crystallise, obtained pnematic crystals containing (F6»)'‘N“0". 
12H'0, and melting at 36°. B. 'Wildenstein (J. pr. Chem. Ixxiiv 243) obtained 
the same hydrate in l.mpid onbio crystals, from a large quantity of iron mordant con- 
taining a very snitill quantity of free acid (prepared by saturating slightly diluted 
nitrio acid with iron, and evaporating to 48° or 60° Baum4). 

Hasio Salts. — Ordway has obtained basic ferric nitrates containing from 2, 3, 6, 
8, 12 to 21 moleoulos of ferric oxide to 3 at. nitric anhydride, namely by mixing the 
solution of the normal salt with recently precipitated fernc %drate in various pro- 
portions ; they are all soluble in water, and the solutions when evaporated yield red 
mostly dehquescont powders. The solutions have a deep red colour, are not de- 
composed by boiling or dilution, but when saturated with ferric oxide, they yield a 
prooipitata of that oxide on addition of chloride of sodium, sulphato of potassium, 
chloride of ammonium, sulphate of sodium, cupnc sulphate, &c., but are not precipi- 
tated by neutral acetate of lead, cupnc acetate, or alcohol. Scheurer-Kestner 

& t. rend, xlvii, 927) has obtained the two salts 2Fe*0“.N*0*.H0 and Fa°0’ N’O’. 

as well as the normal salt, are decomposed by water, the normal salt yielding 
2F6=0M1’0’ 8H’0, the first of the two basic salts just mentioned yielding 3Fe=0’ N-’0‘. 
2H'0, and, the second 4Fe''0*.N''0*.8H*0 Hansmann, by evaporating the solution 
of iron in nitrio acid to a syrup, adding half the volume of strong nitno acid, 
and leaving the solution to crystalbse, obtained colourless prisms containing Fe^O*. 
SN®0*.12H''0. By mixing a very concentrated solution of this salt witli water till 
the colour became reddish-yellow, then boiling, and adding nitric acid after cooling, 
an ochre-coloured precipitate was formed, containing 8Fo°0’.2hr°0* 3H-0 By 
adding a very large quantity of water to a highly concentrated and slightly acid 
solution of the nitrate, an ocMe-coloured precipitate was sometimes formed, containing 
36F6*0^1if^0‘.4811‘0. By treating iron in excess with nitrio acid, a preeipiute was 
obtained having the composition 8Fe°0“.N-0* 12H°0. 

S fi'e) rie Aceto-nifrates (Scheiirer-Kestner,Ann.Oh.Phys [3] Ixiii 422; 
E4p. Ohim. pure, iv 95) — These, and similar salts containing chlorine and other 
monatomic radicles are obtained — 1. By leaving mixtures of feme hydrate and 
monatomic acids (nitric, hydrochloric, acetic, &e.) to act upon one another for several 
days at 40°.,- 2. By mixing a monatomic acid with a very concentrated solution of a 
ferrous salt, oc with the dry salt, and oxidising the mixture with nitric acid. —3. By 
the mutual action of the component salts, Sy. of ferric acetate and ferric nitrate. — 
4. By the action of an acid on a ferric salt containing another acid. 

Ferrio Fiaoetomitrate, (Fe’)’‘(C^H’0*)\NO’)^ 6H'0, crystallises in slender blood-rod 
needles or right rhombic prisms of considerable size,— /erne aoelo-dinUrate, 
(Fe’)''(0*H“0*)“(N0“)'‘.8H’0, in right rhombic prisms, — ferric ietraceto-mtrate, 
• ‘ F ’PO, in hard, shining, red-brown right rhombic ppiems ; — 

. . , / ,G*H»Oy(N0°)(nO/2H’O, in oblique rhombic prisms, 

resembling ferricyanide of potassium. 



;« of hanum. (For full ’details 
Stored 9 Dictionary of Solubiht 

lead is decomposed at an inmpient rod heat, yielding a miit 
c peroxide (p. 76), and lea-ving the yellow protoxide of lead 
■ts.— The di^mthio salt, 2Pb"0 N*0“ = Pb''0 Pb"N-0“ 

H-0 = Pb"HNO’ (Pelouze), la produced by boibng the 
and water (Pelouze), orl pt. of the normal salt with 1 
/bevreul), or by treating the solution of the normal salt w 
a not sufflcient to tlirow down all the lead as oxide It cryj 
ous solution in white grains or nacreous lamina and neci 
;ent taste. It is hut slightly soluble in cold, more soluble 
Fob I, 1 pt. of It dissolves in 6-16 pts. water at 19 2° 

I mirate, 3Pb"0.N20» or tfb»N=0», is precipitated ivith 
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(^]?b*N®0*.3H®0), on treating the solution of the normal salt with a shght e-jeosb of 
ammonia, os a white powdei , slightly soluble m pure water and precipitated by addition 
of many salts whicli do not decompose it. The same salt is precipitated according to 
A. Vogel, jun., with twice the preceding quantity of water (PbWO" SII'O), ois 
adding nitrate of potassium or sodium to a solution of basic acetate of lead It is 
sparingly soluble in boiling water, crystallises on coohng in nodules of needle-shaped 
crystals, and gives off its water of orystaUisation in vacuo at 206°. 

HerpUmhio mtrate, OPb'ON^O’ffO = P'li«N»0«.3Pb"0.H»0, is obtained by 
precipitating the normal salt with excess of ammonia, and digesting the washed 
precipitate with a mm onia. It is a white powder, nearly insoluble in water. 

I^'b’) 

Formo-nitrate of Lead,TS0'\0*W0, obtained by dissolving formate of lead 

(CHO)»J 

in a hot nearly saturated solution of the nitrate, crystallises by slow coohng m large 
rhombic plates, permanent in the air, and sparingly soluble in water. 


Fhospho-nitraUofLoad.mnO'S.'-Q or Pb"N’0«.:^'b”P=0».2H’‘0, is ob- 

(Poy"J 

tained by adding a soluble phosphate to excess of nitrate of lead, as a crystalline pre- 
cipitate, insoluble in water, soluble in nitric acid, and crystallises in six-sided plates 
derived from an oblique rhombic prism. It is decomposed by boihng water into 
nitrato and orthophosphate of lead, and when heated to redness leaves a residue of basic 


phosphate, Pb"0 i^b®P*0®. (Gerhardt, Ann. Ch. Pharm liviii. 286) 

Niibatb OS' Lithium, LiITO*. — ^The anhydrous salt crystallises at 16° in 
rhombic prisms, hke nitrate of potassium, of meoiflc gravity 2'334, according to 
Kremers (Pogg. Ann. xcii 620), according to Troost (Ann Ch. Phys [3] li. 134), 
in rhombohedral crystals, E . oE, having the angle of the terminal edges — 106° 40'; 
specific gravity 2'442 Below 10° the hydrate, 2LiNO" 6H^O, crystallises in thm 
deliquescent prisms (Troost), The salt "dissolves easily m water and in alcohol, 
the solutions taste like saltpetre, but very pungent Tho apecific gravities of solutions 
containing various proportions of the anhydrous salt, according to tho determinations 
of Krem era (Pogg. Ann. oxiv 41), are exhibited in the following table , — 

LIN 03 Speoiflc gravity | LINO’ Speclllc gravity 

In 100 pti. at ID'S” in 100 pU. at 19 6". ' 

14 2 1 0789 67-5 1 2660 

26-7 1T346 77 4 1-3164 

40 6 1-1930 I 


Nitrate of lithium easily forms supersaturated solutions, which solidify at 1 °, often 
in masses of slender needles, the temperature of the solution rising to 27°, (Kremers.) 

Nithatb of Maonbsium, Mg"O.N*0‘ 6H''OorMg"N*0“.6H’0 — ^This salt occurs 
in the mother-liquor of the saltpetre-plantations, and was detoeted by Berzelius" m the 
well-waters of Stockholm. It is prepared by dissolving Magnesia alia in nitric acid, 
and crystallises from the concentrated solution in deliquescent rhombic prisms and 
needles (monoelinio according to Maxignac), soluble in pt. cold water and in 9 pta 
alcohol of epeciflo gravity 0 840, less soluble m absolute alcohol. When dried over 
oil of ntiiol, they give on 4 at water. They melt when heated, and at the tempei-atnre 
of melting lead give ofil according to Graham and Chodnew, 6 at. water, leaving 
the monohydrated salt, Mg''N-0*.H^O, which, at a still higher temperature, gives off 
tlio lest of the water and part of the nitric acid, leaving the tnniagnam salt, 
hig’N^O® Embrodt, on the other hand, doubts the existence of tho mono- 
h^dmted salt, inasmuch as he finds that the hex-hydrated salt begins to give off 
nitric acid before it has parted with the fttth molecule of water. 

Nitrate of magnesium forms an alcoholate, Mg"N®0“.6C-II“0 (see i. 80). 

Nithatb of Mahqanesb, Mn"0 N®0“.6H®0 or Mn"NW6H®0.— White longi- 
tudmally-striuted needles, deliquescent, and soluble in alcohol. 

Nitratbs of Meecubv — a Mercuric nitrates — ^When mercuric oxide is 
dissolved in excess of nitiic acid, and the solution is evaporated at a gentle heat, the 
normal salt, Hg"0 N''0®.211“0 or Kg'N’O" 2H*0, is left m the form of a syrupy liquid, 
which retaina its constitution unaltered for several months. By farther evaporation 
o\or oil of vitriol, it yields bulky dehquescent crystals, consisting of the hydrate, 
2Hg"N’0" II®0, which easily give up a portion of thoir acid (Handw d Ghem vii 
166). Accuidmg to G. G Mitseherlich {Gmelm's Handbook, vi. 74), the crystals 
obtained by evaporating the acid solution of the normal salt consist of tlie basic 
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salt Hg"0.Hg''N“0“.2H*O. A concentrated solution made as neutral as poasiMe 
yields, ■when cooled to 16°, large colourless rhombic plates with angles of about 
67°, melting at 6‘6°, and haring the composition Hg"N“0“.8H‘'0. (Ditten, Jahresb. 
.1861, p. 388.) 

Scmo salU. — ^The clear liquid obtained by fusing the crystals of the ootohydrate 
just mentioned deposits the salt Hg"0 Hg"N*0“ 3H’0, in short colourless needles, 
which become opaque when exposed to the air and white by contact with water Both 
this salt and the normal salt are decomposed by water, the tnmerciino salt, 
3Hg''O.N’0“.H^O or H^N*0“H=0, being first separated as a white pulverulent mass, 
and afterwards gradually converted into red mercmie oxide The trimeromuo salt with 
1 at. water is likewise produced by heating either of the preceding salte till it is con- 
verted into a pulverulent mass, then pulverising it, and tieatingit seven or eight tunes 
■with cold water. It begins to give off water at about 120° G,, and nitrous lumes at 
260°. A hcxmerourio ntirate, 6Hg"0.ir*0‘ or 3Hg''0,Hg’N’0®, is obtained, according 
to Kano, as a brick-red powder by boiling the tnmerouric salt with water. 

Normal mercuric nitrate treated with ammonia yields a number of nitrates of mer- 
curammoniuraa, already described (iii. 917, 920). 

Double Salts of Meroiirio Nitrate, a. With Mercurio Cyanide ~ 
Hg"(NO^)0y.H'''O. — ^Produced, according to Desfoase, when a solution of meroimc 
nitrate is mixed with cyanide of potassium, and crystallises m white micaceous scales. 

fi. With Merouruj Iodide. Hg"N20* HgP (Louisvill e, Ei gel) , 2Hg"N'“0“.I[g''P 
(Prouss).— Obtained by dissolving the iodide in a boiling solution of the nitrate , or 
by tieating merourous or mereurie iodide with nitric amd. White nacreous scales 
which are decomposed by water and by alcohol. 

Another iodomtrato, Hg"N*0' 2Hg"I'‘, is obtained, according to Liebig, in small 
red crystals on mixing a boiling solution of mercuric nitrate with half as much iodide 
of potas,siani as is leqiiired for the complete separation of morcmic iodide The solu- 
tion filtered from these crystals, mixed with a little nitric acid, and saturated while 
warm with mercuric iodide, yields after some days, whito silky needles of the comnound 
2Hg"N'0'.8Hg"P ^ 

All these mercuric iodonitrates are decomposed by water, the iodide separating and 
the nitrate dissolving. When heated, they melt, give off nitrous acid and a sublimate 
of mercurio iodide, and leave merounc oxide. 

7. With Iodide n/' Sdrar, 2Hg"N*0".4AgI.H''‘0. Separates from a solution of silver- 
iodide in hot aqueous mercurio nitrate, in slender needles which are decomposed by 

5. With Mercuno Phosphate. Tliis double salt is formed by mixing a solution of 
sodmm-phosphato with excess of mercuric nitrate. 


e, With Uerotme PhosphUs, 3(Hg"N*0*Hg"0).Hg’P’. Produced by passing 
phosphoretted hydrogen gas through a dilute acid solution of merounc nitrate After 
washing with water, it forms a yellow powder, which must be dried in a vacuum. It 
detonates with great violence when heated, less strongly by percussion, also in chlorine 
gas, probably in consequence of heat developed by tlie ehemical action which ensues. 

C With J&roMrio Nid^/iide, Hg"N-0*.2Hg"S. Sulphydrio acid gas passed through 
a solution of mercuric nitrate in quantity not sufiicient for complete decomposition pro- 
duces a white precipitate which must he washed with water, and then dried; if the 
washing is continued beyond a certain time, the compound begins to decompose and 
turn yellowish. An excess of aulphydrie acid converts it wholly into black mercurio 
sulphide It is likewise decomposed and bUckoned by aqueous carbonate of potassium 
or sodium. Hot nitric acid decomposes it -with formation of sulphuric acid. 
(H.Eoso.) ^ 


is formed by pro- 


Ueroufous Nitrates. The normal salt, (IIg*)"(N0“)^2H'0, is formec 
longed digestion of metallic mercury in excess with cold moderately strong nitric acid, 
and separates in colourless, somewhat efSorescont, monoclinio crystals. According to 
Gerhardt and Marignac (Jahresb. 1849, p 286), the same salt is formed when the 
liquid IS moderately warmed, it is best however to decant the solution as soon as the 
first violent oction has somewhat subsided, and leave the still liquid acid to Crystallise 
by cooling. It sometimes, according to Gerhardt, deposits prismatic crystals of a basic 
silt, but these if left in the liquid, are gradually converted into the normal salt. The 
latter is soluble without decomposition in a small quantity of water, but a larger 
quantity converts it into a basic salt When heated with water it is resolved into 
nitrie peroxide end mercuric oxide, Hg’IPO* =. 2HgO + 2NO’. 

Artflo salts.— nhove-mentioned prismatic crystals which sometimes separate, 
according to Gerhardt from the solution of excess of morcurj in ^varm dilute nitric 
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acid, aiB most readily obtained, according to Morignac, when the crystals of tlie normal 
salt are -warmed in their mother-liquor, in contact with excess of mercury, and the 
solution IS then left to crystalhse by cooling (Thefollo-wingbasio salt is often formed 
at the same time.) The oiystals ore colourless, shining, non-effloresceut pnanih, 
belonging to the trimetrie system. Gerhardt and Marignao obtained the same results 
by the analysis of these crystals, nevertheless they are regarded hy Gerhardt as 
Eg’O 2Hg=(,N0“)=.ff 0, and hy Marignac as Hg“0 SHg'CNO’)-" H‘0 

Another basic meronrous nitrate, Hg*0 Hg2(N0“)'’.H-'0 (Gerhardt), SHg^'O 
3lIg“(S'0“)“.2lI^0 (Marignao), is obtained when the salt produced by the action of 
nitric pel oxide viiponr on mercury is triturated with a small quantity of water, and the 
mixture then heated to boiling, also when normal mercurous nitrate is suspended in 
water and the water heated to boiling , also, according to Marignac, when the solution 
or mother-liquor of either of the preceding salts is boiled tor several hours with excess 
of mercury, the water being replaced as it evaporates , or when the crystals of eitlier of 
the preoecling salts are left to stand for several hours in contact with their mother- 
liquor and excess of mercury. The crystals are triclime, permanent in the air, colonr- 
lobs, hard and shining. (Gerhardt, Marignac, loo. oit.) 

Lefort, hy prolonged digestion of mercury in excess with dilute nitric acid at 40° 
— 60°, or by evaporating the product ol the action of strong nitric acid on excess of 
mercury to dryness, and treating the residue with boiling -b ater, obtained a salt which 
formed large prismatic oiystals, perhaps identical with those obtained as above by 
Gerhardt and Mangnao Lefort, however, regards them as Hg’O.Hg’(NO“)“ 0. 

By the action of cold water on the preceding salts, Gerhardt and Marignac obtained 
a light yellow powder consisting of Hg-‘O.Hg-’(NO*)-' H'O, as previously ostablished by 
Kane Gerhardt regards it as the aboi o-moiitioned triclinio salt in the amorphous slate. 

Mitsoherlioh has described another salt, Hg’0.2IIg''(N0”l’, which is perhaps 
identical with the salt Hg-0.2Hg-(NO')’'.H^O, obtained by Gerhardt (vid. sup) 
Mitsoherlich obtained it by leamng cold dilute nitric acid iii contact with excess of 
mercury, till the crystals of the normal salt which form at first, dissolve and are 
replaced by others Crystals of different form, but of the same composition (there- 
fore dimorphous), are formed, according to Mitschcrlich, when the normal mercurous 
salt IS warmed with morourons oxide and water containing a little nitric acid. In this 
way, large limpid crystals are obtained which dissolve in a small quantity of water, 
but are decomposed by a largo quantity, either cold or hot 

The solution of mercurous nitrate is precipitated by ammonia, yielding a block pre- 
cipitate of verjf variable composition, constituting the so-called Mcrcunus solubiks 
Eahnemanm (in. 920) 

Moicnious nitrate forms double salts with the nitrates of baruun, strontium and lead. 
TheZemf-seJi, 2I’EWO».[Hg»0,Hg*(NO»)’]or|^’|(^^“)’, is obtained, according to 
Stadeler, on mixing a moderately concentrated solution of mercurous nitrate -with 
mtiuto of load, as a white heavy precipitate conaiating of mioroscopio octahedrons -with 
cubic modiflontion ; dilute solutions yield it in larger crystals having an adamantine 
lustre. It dissolves witliout altofation in boiling mtnc acid, but is decomposed by pure 
water. The barium- and atronhum-salts are similar in form and composition. 


Mercuroso-Tnercurw miraU, Hg'0.2Hg"0,N'0* 

gradual oxidation of mercurous nitrate ; also when 1 pt. of mercury is boiled -with 
■” “t. niti-ic acid of specific gravity 1 2 till completely dissolved CWittatook) Ac- 




pt. n 
cording 


hotter parts of the sides of the vessel ir 

of this merouroso-mercune salt, the same chemist obtained it, -with evolution of ni 
oxide, by fusing normal mercurous nitrate. 

Nitkatbs of Moltbubnum — Molybdw mtrate is obtained in solution by satu- 
rating nitric acid -with molybdic hydrate, or by digesting metallic molybdenum in 
dilute nitric acid It cannot be obtained in the solid stite, ns the solution when con- 
centrated beyond a certain point, gives off nitric oxide and leaves molybdic acid. 

Molybdous mfririe IS obtained by dissol-nng molybdons hydrate in di' ' 
if the hydrate is in excess, a basic salt is formed. The solutions ai 
and quickly decompose, depositing molybdic acid (Berzelius.) 

Permolybdic mtrate or nitrate of molyidie acid is obtained by dissolving molybdic 
anhydride in nitric acid (ill. 1037) 

Nite ATE OF Niokei,. Ni" 0.N’0‘.6H=0 oTKi"II»0* —Emerald-green eight- 
sided prisms, — monodimc, according to Marignac, — which effloresce in dry and de- 

VoL IV. H 


re very unstable 
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IrqnoscQ in moist air, dissolring in 2 pts. of cold water, also in alechol, and when 
heated leave a yellowish-green pulverulent hasie salt, then peroxide, and finally 
protoxide of mclcel. 

' An ammomaeal nitrate of nichd, (or 2H''0 according to 


Laurent) = H’* is deposited m octahedral crystals, from a warm con- 

(N07)^ 

contrated solution of nickel nitrate in ammonia. The crystals when eiqiosed to the 
air, give off ammonia and crumble to a bluish-white powder (Erdman, Gmolin's 
Hoiidbooh, V. 384).— This salt unites with chloride of nickel-ammonium, formiag 
rather largo azure-bluo octahedrons of the double salt, B(Ni''N“0'’ 4NH“.H’0) + 
BNH’ NiCl“ (E. Schwarz, J. pr. Ohem li 319; Jahresb. 1850, p. 831). 

Nit HATH of Osmium. Os''N'0“. — Osmious hydrate dissolves with green colour 
in cold nitric acid, and the saturated solution dries up on evaporation to a green 
transparent varnish. (Berzelius.) 

Nitbate of Palladium. Pd"N'0“.— Cold nitric acid slowly dissolves palla- 
dium, without evolution of nitric oxide, the liquid becoming charged with nitrous acid ; 
if the liquid is warmed, solution takes place more quickly, with evolution of lutrie 
oxide. The brown eolution evaporated to a syrup, and then left over oil of vitriol, 
deposits long narrow rhombic prisms, of brown-yellow colour, and very deliquescent 
Prom a dilute solution, the whole of the palladium is gradually deposited in the form 
of a basic salt. By evaporation between 100° and 120° also, the normal salt is 
almost wholly converted into a basic salt If the solution is evaporated at a low tem- 
peratuie, and the residmd salt treated with water, a turbid solution is obtained, and a 
basic salt remains behind, which according to Piioher, is completely converted into 
oxide by heating to 120° — 180°. Por the basic salt precipitated from the solution of 
the normal salt by water or by a small quantity of potash, Kane gives the formula 
4Pd"O.N'0‘ 4ffO. 

The nitrates of the palladammoniums wiE be deaoribed under PAiiAumt-BASEs, 
Ammoniaoal. 


Nitsates of PiATiNUM. PlatiTiic Nitrate, PtO“.2N“0’ or Pt‘’(NO’)', is 
obtumod by dissolving platinio hydrate in nitric acid, or bettor by decomposing the 
sulpliato with nitrate of banum, or by mixing the chloride with nitrate of potassium 
as long as a precipitate is thereby produced, a third of the platinum present being 
thereby cunverted into platinic nitrate. The decanted dark brown liquid yields by 
evaporation, a mass of the thickness of honey, which, after evaporation to dryness, 
dis.solves only partially in water, leaving a basic salt. 

Por the nitrates of the platmammoniums, see PnATiNtTM-BAsns, Ammoniadab 
Potassio-phttmc nitrate . — When caustic potash is added to a solution of platinic 
nitrate, only half the base separates as hydrate, the rest as a basic double salt of much 
lighter colour than the hydrate Sodio-platimc nitrate is known only in solution. It 
IS formed by decomposing sodio-plntinie chloride with hydrate of sodium, at a heat 
below redness, washing out the resulting chloride of sodium with water, and dissolving 
tlio residual sodio-platinic oxide in nitrie noid The dark yellow solution yields, with 
nitrate of silver, ayeUow preeipitiite soluble in nitric acid. (Ddbereiner.) 


Platinous niti ate . — Platinous hydrate dissolves in dilute colomiess nitric noid, 


■md the giaen-lirown solution dries np to a viscid, gi'eeni.sh, dark brown mass, in which 
platinic oxide is gr.idually formed at the expense of the nitric acid, and more abun- 
dantly as the acid is m greater excess. (Berzelius.) 


Nitrate of PoTASSiuiq KNO’. Saltpetre, Nitre, Pnsmatic Saltpetre, Potash- 
nitre, Hitrum, fmm . — ^Tbis salt is very widely dvfihsed as a natural product, occurring 
constantly, though in small proportion only, as a constituent of vegetable soil, and 
according to Boussinganlt (Compt. rend, xbv 108-119) of spring and river water. 
It is, never found in large beds like nitrate of sodium ; but veins of it occur in the 
sandstone of Bradford County. Peirasylvamn (Ellet, Edinb. Phil J. Ivii. 367). The 
chalk and pther recent calcareous formations are particularly rich m saltpetre. On 
the hanks of the Seme, near Eoche-Ghiyon and Mousseau, there are several caves 
which are used as stables . m the flont ;^aru of these caves, looking towards the south, 
the saltpetre accumulates, especially during the summer season, and in such, quantity 
that it 18 collected several times m a year, and continually reproduced Lavoisiei found 
in the earth taken from the cave of Fouquihrea, 31 per cent , and in that of Moussean, 6 J 
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WellegoJo, aro the resort of large ftooks of hats, whose excrement collects in them in 
others, as in that of Memoora, there are none of these ammals. Davy found, in a 
specimen of rock from this cave, 2 4 per cent nitrate of potassium, 0'7 nitrate of mag- 
nesium, 0 2 sulphate of magnesium, 26'5 carbonate of calcium, 0 4 water, and 60-8 of 
residue msoluhle in dilute nitric acid, and consisting of quartz, mica and tale. Similar 
caves are found to eiast on the coast of the Adriatic, in Italy (Palo di Mofetta), 
in Tennessee, Kentucky, ou the Missouri and Crooked Eivers in North America, in 
Africa, and in Teneriffe. 

In South America, and in some districts of India, Arabia, Persia, Spam, and Hun- 
gary, the mode of occurrence of saltpetre is somewhat different. In these districts, 
nitrates are found widely disseminated through the soil, but never extending to any 
great depth below the surface, not lower, indeed, than the air can easily penetrate. 
The infiltration of rain and dew dissolves these salts, and the solution rismg to the 
surface hy capillary action, is evaporated by the action of tbe snn and nn^ and forms 
an efflorescence on the suiface. In Bengalese saltpetre earth, ftom the district of 
Tirhfit, Davy found 8‘3 per cent mtrato of potassium, 3'7 mtrate of caleram, 0 8 sul- 
phate of calcium, 0'2 chloride of sodium, 36‘0 carbonate of calcium with traces of 
magnesium, 12 0 water with a little organic matter, and 40-0 matter insoluble in 
nitric acid. The soil in some parts of Spain is also impregnated with saltpetre, as in 
New Castile, Arragon, Catalonia, La Mancha, Granada, &c. 

The formation of nitric acid in these several localities is in all probability due to 
the omdation of ammonia (p. 83) ; for the production of saltpetre is always found to 
take place most abundantly where there is a large quantity of vegetable or animal 
matter in a state of putrefaction, or where the air contains a considerable quantify of 
ammonia resulting from such decomposition. Hence it is that the (piantity of salt- 
petre naturally produced in tropical ehmates very far exceeds that which is formed m 
Europe, the luxuriant vegetation of the tropics supplying a never-failing source of am- 
monia, while the high temperature and the moistuio of the air facilitata its oxidation. 
An indispensable condition, however, for the formation of nitrates in large quantity, is 
the presence of allraline or earthy bases to fix the nitric acid as soon as it is formed • 
in the absence of such bases indeed, and under the reducing influence of organic matter, 
iiitoio acid already formed may ho reconverted into ammonia hence the non-pro- 
duction of nitrates in dung-heaps, where earthy matters are not present. 

This thooiy is quite in accordance witli the conditions which are found essential to 
the artificial production of saltpetre m temperate ehmates, as in the saltpetre plantations 
already described (p. 83), these conditions being an abundant supply of ammonia, the 
presence of earthy and alkaline bases, fi'se access of air, and a mean temperature not 
tower than 15° — 20°. 

The solution obtained by lixiviating the aaltpotre-earih thus formed consists, as 
already observed, chiefly of the nitrates of calcium and magnesium, with smaller 
quantities of the nitrates of potsssiiim and sodium, besides alkahno chlorides. It is 
treated with carbonate of potassium (potashes) to convert the earthy lutratea into 
nitrate of potassium, which is deposited in an impure state from the filtered eolation 
by crystallisation 

Natoal saltpstre-earth is treated in a similar manner with wood-ashes, when the 
earthy nitrates predominate in it, that of Bengal however, which is rich in nitrate of 
potassium, does not requu’e this treatment, the saltpetre heuig extracted from it merely 
by hxiviation, boiling and crystallisation. 

The crude saltpetre thus obtamed is contaminated with the chlorides of potassium 
and sodium (sometimes to the amoimt of 2fi per cent.) besides organic (so-eallod 
extractive) matter. To remove these impurities, which are exceedingly objectionable 
in all the applications of saltpetre, whether for the preparation of nitric acid or the 
manufacture of gunpowder, the crude saltpetre is subjected to a refining process. 

The greater part of the chloride of sodium, which always constitutes the greater 
part of the impurities present, and is much less soluble in boiling water than nitrate 
of potassium, is separated bv treating the crude saltpetre with a quantity of boiling 
water sufficient to dissolve the whole of the nitrate of potassium, but not the whole 
of the chloride of sodium. Thus, suppose fe,000 lbs of the crude salt containing 
6 per cent, chloride of calcium and 14 per cent, chloride of sodium to he treated with 
12,000 lbs. of boding water, the solution wdl then take place in the foUowiiig manner: 

The 12,000 lbs. of iraler are 
capoblo of dissolving 
at 100". 

lha. lbs. 

380 . . 684 

840 . . 324 

4800 . . 48o0 

6000 


Chloride of potassium 
ClJoride of sodium . 
Nitrate of potassium 



100 
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There will then remain, when the Water has censed to act, S40 - 324 = 516 lha. 
of chlonda of sodium undissolved. This residual salt is scooped out of the pan, and 
the solution, after being diluted to a ecrtiiin extent, is boiled with glue, to coagulate 
the extractive miittere and cause them to nse as a scum to the surface Tins having 
been removed, the concentrated solution is tniiisferred to the ciystallismg pan, in 
winch It IS left to cool, and as soon as crystallisation begins, the liquid is constantly 
stirred, so as to prevent the formation oi large crystals (which would inclose consi- 
derable quantities of mothor-hquor in tbeir cavities) aud cause the nitrate of potassium 
to separate out m the form of a ciystallino powder called saltjicti e-fiour. By this 
means, a mass of mmute crystals of nitrate of potassium is obtamed, merely contami- 
nated with adhering mother-liquor, which is easily removed, partly by dramiug, and 
finally by washing with a saturated solution of pure nitrate of potassium, which, though 
unable to take up any more of that salt, is still capable of dissolving the alkaline 
ehlorides contained in the adhering mother-liqnor It then only remains to dry the 
purified saltpetre by beat. 

Producivyii of Nitrate of Potaedum fiom Chile Saltpetre, — Ifitrate of sodium is 
easily converted into nitrate of potassium by adding it to a hot coiicentraled solution 
of carbonate of potaasinm Ae immediate precipit.ition of carbonate of sodium takes 
place, and if this be removed ns long as it continues to separate on farther evaporation, 
and the reimuning solution left to cool in the erystallising pans, saltpeti c-fiour is 
obtained, which merely requires washing and drying as aboie described to render it 
pure 100 lbs of nitrate of sodium requme, accorduig to the purity of the salt, from 
BO to 100 lha. of carbonate of potassium. 

tAs made of preparation is much easier than those already described, and in 
localities where potash is not too expensive, is now extensively adopted, The chief 
difficulty expeiienced in carrying it out arises from the presence of common salt m 
Olule saltpetre for if more potash be added than is roqumed to decomposs the 
nitrate of sodium, the excess decomposes chloride of sodium to no purpose , and in the 
oontriiry case, the product is likely to bo contaminated with undecomposed nitrate of 
sodium The beet way of averting this inconvenience is to purify the nitrate of sodium 
by previous crystallisation. 

Some manufaetmers render the potash caustic by means of lime before mixing it 
with the nitrate of sodium, and after keeping the mixed solution in a state of ebullition 
for some time, leave it to cool slowly in a closed i easel. Nitrate of potassium then crys- 
tallises out, aud caustic soda remains in solution. 

In Belgium, large quantities of saltpetre are obtained by decomposing nitrate of 
sodium with potash obtamed from the ashes of the beet-root sugar manufacture The 
nitrate of potassium from this sowee is very pure, and is produced at a very low price 

Nitrate of sodium may also he converted into nitrate of potassium by double decom- 
position with chloride of potassium in equivalent proportions (74 7 pts KCl to 86 pts. 
of NaNO’). On evaporating the mixed solution, chloride of sodium separates out first, 
while nitrate of polassium remains in the mother-liquor, and crystallises on cooling 

Properties — ^Nitrate of potassium is dimorphous It usually crystallises from con- 
centrated aqueous solution in long srx-sided prisms belonging to the trimetrie system, and 
frequently exhibiting the combination ooP . eof to 2fot) P« P (fig. 268, CevstAllo- 
GEAPBT, n. 147), or the same without ?to , also without P. The combinations P . 2i‘oD . 
coP . cDpco, and P . 2l’oo likewise occur Eatio of axes a i . o 0 689 : 1 : 
0 701. P ' P in the brachydiagopal principal section =. 131° 27'; (roacr.) = 91° 29' ; 
(basal) = 108° 12' , ooP osP = 61° 0' . f a . ?«. (basal) = 70° 4' ; 2#® • 2P«) 
(basal) = 109. Clearago imperfect parallel to ooP ; somewhat easier parallel to fco 
Specific gravity, = 211 (Kopp) , 21006 (Karsten) , 2T00 (Schiff), 2 086 
(Schroder) The crystals aie anhydrous, but often contain mother-liquor inclosed 
in their cavities. Nitrate of potassium also crystallises in rhnmbohedral forma resem- 
bling ordinary calcspar Ppnk8nheini(Pogg.Ann.xcii. 364) observed that when a 
drop of saltpetre solution is left to evaporate under the mioroscope, rhombohedral 
crystals make their appearance, together with the ordinary prismatic crystals , if the 
eiaporation takes place very slowly, the crystals are almost wholly rhombohedral, and 
these if touched with a prismatic ciystal, immediately become turbid and are converted 
into a mass of prismatic crystals On the other bund a prismatic crystal of saltpetre 
may be converted into a mass of rhombohedral crystals by heating it nearly to its 
melting point All these phenomena may he very distinctly observed by means of 
the polarising microscope. 

Nitrate of potassium is white, inodorous, and has a cooling hittpr taste. When 
perfectly pure it dissolves, according to Gay-Lussac, in 7i pts water at 0°, m nearly 
3^ pts at 18°, in Ij- pfc. at 46°, m less tiaii j pt at 90°, and in 04 pt at 100° 
According to H. Schiff (Ann Ch Pharm evii, 293) the specific gravities of aqueous 
solutions of nitrate of potassium of various strengths are as follows . 
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Weight of JCNO» SpeoWc gravity Weight of KSO^ Specinc gra^ty 

24 93"' . . 1 1683 "‘’ssT . . . /osio 

16 62 . . 1 1073 6 64 . . 1-0337 

'11 08 . . 1-0696 277 . . 1-0170 

According to Kramers (.Tahi-esb 1861, p. 61), the specific gravity at 19 6° of solution 
of siiltpetre containing 12-7 per cent of saltpetre," is 10635, of a 23 7 per cent, 
solution, 1-1276 It IS sparingly soluble in aqueous alcobol, quite insoluble m absolute 
alcohol — Schiff (ibid p 87) has made the following determinations of the solnbihty 
of nitrate of potassium in spirits of wine of various strengths . 

Weight of anhydroUB ^ Weight of ItNCJs Woiglit of amijdrnus WetglU of^KNO» In 
ofaphit. ^ ^ sumratedntm of^plrlt ^ ^ adturaMnllt, 

10 ... 13 2 80 ... 2-8 

20 . . . 8-0 60 ... 1 7 

30 . . . 6 6 80 ... 04 

(See fiu'ther, Storer's hvitionary of Solubilities, p 389.) 

Nitrate of potassium malts below a red heat -mthoiit loss to a colourless hquid. which 
solidifies on cooling to a white opaque fibrous mass called in commerce Mineral 
crystal, Niirum tabulaiim, Salpnmellcs , the commercial product often however contains 
nitrite of potassium, in consequence of too much heat having been employed in the 
fusion At a red heat, saltpetre gives off oxygen gas, at first tolerably pure, but after- 
wards contaminated with a contmually increusmg quantity of nitrogen, and is thereby 
oonveited first into nitrite, then into a mixture of protoxide and peroxnle of potassium. 
Saltpetre deflagrates in the fire with ohai-eo.il and other combustible bodies , as 
sulphur, phosphorus, ii-on, zinc, &e. , and even oxidises gold, silver, and platinum 
By Ignition in contact with copper foil, it is converted into nearly pure protoxide of 
potassium, which when dissolved m water, yields cuiistie potash. Iron, at a red heat, 
dcoomposes the saltpetre quite as easily as copper, hut the product is contiimmatcd 
■with the foreign substances present in the iron (Wohler, Ann. Oh. Phaa-m. Ixxxvii. 

373 ) . 

On the oxidising power of saltpetre at a red heat depends its use in themanufactuio 
of gunpowder (u. 968), and other explosive mixtures. It is frequently also employed 
iu the pi-cperatiou of luci/er matohes instead of chlorate of potassium, and has the ad- 
vantage of produeing a composition which ignites by friction without the inconvenient 
and dangerous projection of burning particles, which often takes jjlace on the ignition 
of ordinary matches made with the chlorate 

Valuation of Saltpetre, — For the various applications of saltpetre, and especially for 
the manufacture of gunpowder, it is important to possess a ready method of ascertaining 
Its relative purity. One of the oldest methods is that of Schwarz, adopted in Sweden, 
whioh is baaed upon the appearance of the fi-actured surface of the melted salt, that of 
pme nitrate of potassium being coarsely radiate, whereas when chloride of sodium is 
present, this structiu-e becomes less distinct, and with 3J per cent, of that salt, is visible 
at tho edges only, the interior of the mass being amor^ons. This crude method is 
oidled the rift action of saltpetre, a teim which has been somewhat strangely extended 
to other methods of valuation. In Brance Eiffault’s method is sometimes used, 
which consists in washing a weighed quantity of tho saltpetre with a saturated solution 
of pure nitrate of pota-ssium at 18°, this solution extracts tho chlorides, leavmg tho pure 
nitrate, which is drained from mother-liquor on slabs of gypsum, then dried and 
weighed. This metliod, like the preceding, can give only rough approximations 
A more exact method is that of &ay-Lussao, which consists in igniting 1 pt. of 
the saltpetre with J pt charcoal and 4 pts common salt to moderate the action. The 
nitrate is thereby converted into carbonate, the amount of which can be estimated by 
titration uitli stundai-d sulphmie acid Errors may however arise m this process, partly 
from a portion of the nitrate remaining nndecomposed, p<vrtlyfrorafoimation of cyanide 
of potassium, hut according to Abel and Bloxam (Chem. Soc Qu. J. ix 97). ex- 
uct results may he obtained by the use of very finely dii ided caibon, namely B ro d i e ' s 
prepared graphite (1. 768), the proportions being 20 pts saltpetre, 6 graphite, and 80 
chloride of sodium. If the saltpetre contains sulphates, which will he reduced to sul- 
phides by Ignition with carbon, a small quantity of chlorate of potassium must be 
sprinkled on the siu-face of the mass immediately after removal from the fire , the sul- 
phides wdl he thereby completely reconverted into sulphates. 

The quantity of nitrate of potassium lu a sample of commercial saltpetre may also 
he estimated by Pelouze’ s method, depending on the oxidation of fen-oiis cliloride by 
nitric acid (p. 87), or by igniting the saltpetre with silica or anhydrous borax (p. 86). 
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In Austria, saltpetro is assayed by the method of Hnsz, founded on the varyi^ so- 
lubility of nitrate of potassium in water at different temperatures. 5 oz of the saltpetre 
to be tested are dissolved in 12 oz. of water at 60° G., and the temperature is observed 
at which the liquid just begins to deposit crystiJs The percentage of nitivite of potaa- 
Slum is then deternimed by the following table, the results not being affected by the 


M degrcM of 



which evaporates while tlie salt is dissolving being replaced The solution is filtered 
to remove any solid particles su,spended in it, which might cause the crystulhsation to 
take place too soon, and the first half which runs ttoough is used for observing the 
temperature at which crystallisation begins. “With 10 drachms of saltpetre and 26 
drachms of water, the quantity of wateir which evaporates during the opeiation gene- 
rally amounts to 8 or 10 grains, and that which is lost during the cooling and stirring 
to 4 or 8 grains. 

By this method, Tool and Hoyermann also determine the amount of nitrate of sodium 
in nitrate of potassium, an impurity which generally exists in the salt prepared from 
Ohile saltpetre, in consequence of imperfect decomposition. The amount of nitrate of 
potassium is first determined in the given sample, exactly in the manner jnst described; 
then about 7^ drachms toe dissolved in 26 drachnis of water, a drachm of carbonate of 
potassium is added, the erystalhsing point is observed, and the solution is boiled 
for an hour to convert the nitrate of sodium completely into mtrato of potassium. The 
solution is now left to cool to 60° R , the water being replaced as it evaporates, then 
filtered, and the eiystalhsing point again observed. If the sample contained nitrate of 
sodium, the crystallising temperature will now be found higher than before, viz. 0 16° 
E. for 1 per cent of mtrato of sodium, 0-36° E for 2 per cent., 0-8° E. for 3 per cent, 
and 1'66° E. for i per cent. 
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The amount of niti’ato of Bocbum m saltpetre may also he approximately determined 
by ascertaining the quantity of water whim it absorbs when exposed to an atmosphere 
saturated wuth moisture According to the obseri ationa made by the Prussian othcers 
of artillery, it appears that pure nitrate of potassium exposed OTor the surface of water 
for fourteen days, remains eomparatirely di'y, whilst nitrate of sodipm placed under the 
same eu'oumstanees, iihsorhs 26 per cent, of water. When artificial mixtures of the 
two salts m a pure state, are subjected to the eame treatment, the quantities of water 
absorbed are as follows . 


Mixture with percentage) 
of nitrate of sodium J 

05 


3 

6 

10 


Absorbed m 14 days 

25 


10 

12 

19 

Water, par cent, j 


AU gunpowder containing this Taricty of ealtpetro would, of course, hocomo moist 
in the same proportions, and would thus be rendered useless 
A third method of determination ia based upon the alteration which an admixture 
of nitrate of sodium produces in the solidifying point of saltpetre heated above its 
melting point. Nitrate of potAssuim melts at 368“ C {67't‘‘l;° P' ), and nitrate of 
sodium at '813“ C. (696 4° F ). For mixtures of 100 pts. nitrate of potassium mth 
diflferent proportions of nitrate of sodium, the following melting points have been 
observed. 


10 pts. 
20 „ 
SO „ 
40 „ 
-IS?,, 


. 311“ 0 = 591 8“F 


QaiatitlM of 
NaN05 added 

“knJs.*' 

60 pts. , 


70 „ 
80 „ 
90 „ 


Meltmi 


. 220 “ 0 . 
. 244 
. 262 
. 281 
. 298 


444-2° F 
471'2 
603 6 
637-8 
868 4. 


The lowest melting-point is exhibited by a mixture of the two salts in equivalent 
proportions (46 7 per cent of nitrate of sodium), which, according to Sohaffgotsch, melts 
at 226° 0., and according to Person at 219 8°. 

Small quantities of nitrate of sodium mixed with nitrate of potasBinm may bo de- 
tected by the yellow colour which sodium-compounds impart to the bloivpipe flame, or 
still better by spectral analysis (ui. 622) 

Small quantities of chlorides sometimes present in refined saltpetre are easily de- 
tected by nitrate of silver and estimated by means of a standard solution of that salt. 

Peraox'a method for the complete analpau of Saltpetre (E6p Chim app. 1861, pp. 
253, 366). — The quantity of water is first determnied by heating 60 grms. of the salt- 
petre in a platinum crucible, and weighing it after cooling, care beuig taken that the 
heat does not rise much above the melting point. If the saltpetre contains nitrate of 
calcium or magnesium, 1 grm. of dry olmomate of potassium ipust be added, to prevent 
the decomposition of these salts 

To determine the insoluble matters, the fused mass is treated with water, the liquid 
Cltored, and the uudissolved matter washed, dried and weighed. The liquid is then 
concentrated to a determinate volume, N. The chlaridea are estimated in this solution 
by means of two standard silver solutions, one containing 27 grms., the other 2 7 grms. 
of silver m a litre. A cubic centimetre of the former corresponds to 0 01466 grm. of 
chloride of sodium, or to 0 01864 gi'm of chlonde of potassium. 

The aidphaUa are likewise estimated volumetmeaUy by means of o standai-d 
solution of chloride of biu-ium, containing 269 8 grammes of this salt in a litre, and 
therefore corresponding to 0 179 gramme of sulphate of sodium or 0-208 gramme of 
sulphate of potassium To make the detemuiiation, 200 cubic ceutunotres of the solution 
N, are mixed with a few drops of acid in a platinum dish, then heated to boiling, and 
tho standard solution is cautiously added in slight excess. Tue saltpetre solution N is 
then gradually added from a burette to the liquid contained in tho dish, till tho excess 
of the baryta-solution is decomposed and the whole of the baryta precipitated. _ This 
hast operation is rather tedious, because the liquid does not easily clarify, and it is jae- 
cessoiy to filter a sample from timetotime From theproportion between the total volume 
of the liquid N used in the oxpeninent, and the volume of baryta-solution present, the 
amount of sulphate lu the saltpetre may be calculated. The mine aod is estimiited 
by Igniting the fused saltpetre with acidchromato of potassium, the loss of weight giving 
the quantity of nitric anhydride ; or tho estimation may he made by any of the methods 
already given for the analysis of nitrates (pp 85-80) 
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HiTEATB OP Ehodium. Sesquioxidp of rhodinm, or the corresponding hydrate, 
forms with nitnc acid a dark red aolntion which yields a deliquescent salt of the same 
colour. Sodw-rhodio mtrate, NnEh"'N*0'“ forms dark red crystals, easily soluble in 
water, insoluble in alcohol. (Berzelius) 

Nit BATE OP Eduidiijm:, EbNO’, crystallises in hexagonal combinations, P . ooE . 
P2 . c»P2. in which the length of the principal axis is 0 7079, and the angle P ; P, in 
the terminal edges => 143° O', in the lateral edges = 78° 40'. It dissolves in 6 pts. 
water at 0°, and in 2-3 pts. at 10° Behaves Idee saltpetre when heated. (Kirchoff 
and B unsen, Phil. Mag [4] xxii Sfi.) 

Nitbate orSiLVim A^EO*. jAtnar caustic. Lapis tnfernalis EbUenstdn. 
— ^'^''hen a piece of pore silver is suspended in nitric acid, it dissolves for a time with- 
out effervescence at a low temperature, nitrous acid being produced, which colours the 
bqiud blue , but if heat be applied or the temperature allowed to rise, the metal 
dissolves with violent effervescence, from the escape of nitrio oxide. The nitrate of 
silver crystallises on cooling in eolonrless anhydrous crystals belonging to the trimetrie 
system. Eatio of axes, a h-c== 09433 .1 1-370 P . P (brachyd ) =. 104° 18', 
(macr.) « 98° 51', (basal) = 126° 48', ooP2 • ooP2 (basal) =. 60° 30'. Ordinary 
combination P oP . ooj 2 , often with four P-faces lying in the same zone, so much ' 
developed that with the two hasal faces oP, they give the crystal the aspect of a six- 
sided prism Nitrate of silver is soluble m 1 part of eold, m ^ part of hot water, and 
in 4 parts of boding alcohol. The solution does not redden litmus paper like most 
metallio salts, but is exactly neutral Nitrate of silver melts at 210°, and 'forms a 
crystalline mass on cooling , it in cast into small cylinders for the use of surgeons In 
this state it is sometimes adulterated with nitrate of potassium, which may be detected 
by the alkaline residue which the salt then leaves when heated before the blow-pipe — 
or with nitrate of lead, in which case the solution of the salt is precipitated by iodide 
of potassium, of a full yellow colour. When applied to the flesh of animals, it 
instantly destroya the orgamsation and vitality of tlie part It forms insoluble oom- 
ppunds with many kinds of animal matter, and is employed to remove it from solution, 
v^en organic substances, to which a solution of nitrate of silver has been applied, are 
exposed to light, they become black from the reduction of the sdvsr to the metallic 
state. A solution of nitrate of silver in ether is emplojied to dye the hair black One 
part of nitrate of silver and 4 part4 of gum arable dissolved in 4 parts of water and 
blackened with a smaE quantity of Indian ink, form the indehble marking ink used 
for -writing on linen (hi. 272). 

Ammonio-mti ates of Silver. — A strong solution of silver-nitrate snpersatni'ated with 
ammonia yields the compound AgNO*.2NH* = NO*|q in shming rhombic crystals, 

exhibiting the combination »P . o5$ oo too It is very soluble in water, permanent 
at 100°, but decomposes at a higher temperature, giving off nitrogen and qmmonia. 
Dry nitrate of silver absorbs ammonia-gas in sach proportion as to form the corn- 


giving off its ammonia when heated. 


Double Salts of Silver-mtrate a 'With Cupno C.i/amde. — Formed, ac- 
cording to Berzelius, when a solution of silver-nitrate is poured upon cupric cyanide 
recently precipitated from the nitrate. It is black, insoluble in Water, and deflagrates 
with a green light 

8 "With Mercuno Cyanide. 2AgN0'.Hg|'0y''.4H*0, — Ci-ystallises from a warm 
mixed solution of the two salts, in large, limpid, nacreous piisms resembling saltpetre, 
sparingly soluble in cold, easily soluble in warm water and alcohoL (W ohl er ) 
y. mth Mereuno Nitrate. Hg"N^O".2AgNO*. Prisms soluble in water without 
decomposition. (W o hler ) 

8 With Dromide of Silver. AgNO’.AgBr. — Formed by melting the component salts 
together in atomic proportion. Sohdifles into a crystalline mass at 182° (Sebiianss. 
Kremera, Jahresb. 1865, p. 419). According to Eiche (ibid. 1868, p, 207) andEisse 
(ibid 1869, p 229), it separates in silky needles from a solution of bromide of silver 
hi a hot concentrated solution of the nitrate. 


e. "With Chloride of Silver Separates in slender prismatic needles from a solution 
of the chloride in a hot saturated solution of the nitrate. (E is s e ) 

f. "With Cyanide of Silver. AgNO* AgCy. — When recently precipitated cyanide of 
sdver is dissolved m a hoiling concentrated solution of the nitrate, this double salt is 
deposited on slow cooling in slender needles having a strong lustre. It is decomposed 
bji water, melts when heated, and then detonates with great force, Ifeaving silver con- 
tainmg cyanogen. 
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1). Witli lodtde of Stiver . — The compound 2AgN0’.AgI separates in nacreous 
needle-shaped crystals from a solution of iodide of silver in a Whng concentrated 
boliitionof fhenitrateCWeltzien, Ann. Oh Pharm xov 127) According to H. Eis a e 
(Jahresb. 1860, p. 228), it is best prepared by melting the component salts together m 
tlie required proportions, treating the resulting mass with a httle boiling ivator, and 
leaving the oily body which settles to the bottom to crystallise on coolmg. It blackens 
on exposure to hght, melts at 105°, solidifl.es again at 98°, dissolves in a small quantity 
of water, but is decomposed by a larger quantity and by alcohol 
Another lodomtratc, AgNO’.AgI, is obtained by heatmg a moderately strong acid 
solution of the nitrate with iodide of silver, and boiling the resulting mass for a long 
time with nitrate of silver and nitno acid. It then separates in needles which melt at 
94° (Sehnaiiss, Kremers, Jahresb. 1865, p. 429) According to Eiche {ihd. 1868, 
p. 207), the product thus obtained is very unstable ; and according to Eisse {loo. oit ) 
it IS merely a mixture of the preceding salt with iodide of sdver. 

fl. With 'Nitrate of Sodium — A solution of nitrate of sodium mixed with excess of 
niti'ate of silver deposits, first tabular crystals of silver-nitrate, and afterwards rhorabo- 
hedral crystals, havmg the form of sodium-nitrate but containing the two salts in various 
proportions, from 2 to 4 at. NalfO" to 1 at. AgN0“. (H. Eose, Pogg. Ann. cii 436.) 

Nitbatb OS' Sodium. UaEO’. Ovhio Saltpetie. dale Saltpitre Nitre — 
This salt occurs abundantly in South America as a natural mineral. In the district of 
Tarapaca, Northern Peru, the di^ pampa for 40 leagues at a height of 3,300 feet above 
the sea, is covered with beds of it several feet thick, associated with gypsum, common 
salt, sulphate of sodium, and remains of ancient shdls, indicating the former presence 
of tile sea. The following are analyses of the crude nitre or Caliche. 

Nitrate of sodium . . . 64 98' 43 14 ^'37 27 88 692 

Sulphate of sodium . . . 8'00 26 30 11 67 43'20 0 68 

Sulphate of calcium 1‘36 1 36 0 68 

Sulphate of magnesium . ... trace trace 4 20 

Chloride of sodium . . . 28-69 1140 44-80 18 30 88-70 

Iodide of sodium . . . 0-63 

Insoluble matter . . . 2-70 10 30 3-80 0-32 0-03 

Moisture .... ^ 7-60 2-60 6 00 3 60 

100 00 100 00 100-00 10065 99-83 

,A sample from Peru, analysed by Hoohstettcr, was found to contain 94 3 per cent, of 
nitrate of sodium, the remainder being composed of 2-0 chloride of sodium, 0 2 sulphate 
of potassium, 0 4 mtiate of potassium, 0-9 nitrate of magnesium, 2 0 water, and 0 2 in- , 
soluble matter. 

The crude nitrate is refined by solution and crystallisation. The best refined nitre 
of commerce has been found to contain 97 70 por cent, nitrate of sodium, 1 84 chloride 
of sodium, 0 35 sulphate of sodium, and 0-11 water The commercial salt frequently 
however contains not more than 90 to 92 per cent nitrate of sodium ; small juantities 
of iodide and iodate of sodium are of frequent occurrence in it, in addition to the 
foreign salts above mentioned The great solubihty of nitrate of sodium renders it 
difficult to punfy from common salt; accordingly the commercial nitrate almost always 
contains about 2 per cent of that impurity. The best mode of purifying it, on the 
small scale, is to heat the pulverised salt with nitric amd , the chlorides ore thereby 
destroyed, and by solution and reci-ystnllis.ition the nitrate is obtained iperfectly pure. 

Nitrate of sodium crystallises in obtuse rhombohedrons, which on cursory inspection, 
have very much the aspect of cubes - hence the name miMo saltpetre The length of 
the principid axis is 0-8276. Angle E E in the terromal edges =106° 33'. Cleavage 
very imperfect parallel to E Specific gravity = 2 24 (Kopp), 2 2266 (Kareten), 
2-256 (Schroder) It absorbs water from moist am, and dissolves easily in w.i.ter, 
producing, considerable fall of temperature 1 pt of the salt dissolves in 1 26 pt Water 
at0° (Marx), in 1-136 pt at 18-76° (Karsten), in 1-14 pt. at 1 86° (Kopp). The 
saturated solntion hods at 122° (Kremers) The specific gravities of solutions of 
nitrate of sodium of various strengths are, according to Schiff (Jahresb. 1868, p. 38), 
as follows : 

WelahtofNaNOS Specific gra^tj of | Specl^fic grovlt^of 

46-48'^°°"'. .““"ilsoa ' 16 60 ’. . I'lo'je 

30 99 . . 1-2326 10-33 . . 10698 

20 66 , . 1-1478 I 6-16 . , 1-0342 

According to Kremers (tiid. 1861, p 61), the specific gravity at 19 6° of a solution 
containing 17-7 per cent, nitrate of sodium is 1 1062 , for 34 0 per cent., 1-1930 , for 
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61'9 per cent,, 1‘26‘tO ; for 71 7 per cent., I‘33fi4. Schiff {ibid. 1861, p. 87) has also 
determined the solubility of nimite of sodium m spirit of wine, of various strengths ; 
the results mo as follows- 

WelBlUof«nhydrOH» Weight of NaNO» Weight of anhydrous Weight of N.iNO’ 

akohol in 100 lilt. In 100 pta. of solution alcohol in 100 pis. in 100 pts of solution 

of spirit saturated at 16<> of spirit. saturated at 16“ 

0 ... 46 9 40 ... 20 6 

10 ... 396 60 ... 10 2 

20 ... 37 8 80 . . . 2-7 

SO ... 26 2 

100 pts. woodrspmt containing 40 per cent, methylic alcohol dissolve 24-4 pts. nitrate 
of sodium (Schiff.) 

[Eespectiiig the soliihihty of nitrate of sodium in various liquids, see further Storei^a 
Zkotiomr^ of Solubilities, p 394.] 

Nitrate of sodium tnelto at a moderate heat (310° according to Person), and solidifies 
to a white mass on cooling (at 313° according to Schiiffgotsoh) ; at a red heat it is 
decomposed in the same manner as nitrate of potassium, hut more easily. It de- 
flagrates with charcoal and other combustible bodies, hut not so quickly ns nitrate of 
potassium. On this account, as well ns from its hygroscopio character, it cannot ho used 
instead of nitrate of potassium for the manufacture of gunpowder. According to some 
authorities, however, pure nitrate of sodium is not at all hygroscopic , and indeed, 
it is sometimes used, after very careful purification, for the preparation of blasting 
powder, which is not required to hum so quickly as sporting or war powder. It has 
also been proposed to add anhydrous sulphate of sodium or magnesium to gunpowder 
prepared with nitrate of sodium, to counteract the hygroscopic tendency (See 
Stchardson and Watts's Chemeal Tcolmology, vol i. pt. 4, p 436 'j 
Nitrate of sodium is eitensirely used for the preparation of nitrio acid, and for con- 
version into nitrate of potassium (p. 100). The crude salt forms an exoellont manui'e 
for grass land. 

NiTEiTB OF Stkohtium. SrO.N^O* or Sr"N’0“.— Prepared like nitrate of 
barium Separates from a hot concentrated solution in anhydrous, from a cold and 
more dilute solution in hydrated crystals The anhudrous salt oryatallisos ui octahedrons 
uud oubo-octahedrons of sp gr 2 306(Buignot), having neooling pungent taste, soluble 
in 6 pts. cold, and I pt. boiling water; it decrepitates when heated, and melts when rod- 
hot, decomposing at the same time, and leaving a residue of strontia. When thrown on 
glowing coals it detonates slightly, with a red fl.ime The hydrated salt, Sr''N“0“ 6H*0 
(Laurenth with 4H*0 (Souohay and Lenssan, Ann Oh, Hiarm xcix. 46), also 
Ordway (Jahresh. 1869, p. 116), forms efflorescent crystals belonging to themonoolinio 
system. Eatio of axes a\h\c = 0-6898 - 1 - 0 808. luolination of i to o = 64° 25'; 
osP - ooP in the orthodiagonal principal section = 113° iO' ; + P» principal avis 
— 67° 22', oP eoP =. 76° 20'. Ordinary combination, ooP . oP . + Peo (liko flg. 
320, OHTSTAiit,OGEAFHT, 11 166), Or ooP . ooPS . oP . + Peo Nitrate of strontium is 
used for the preparation of red fire, for which purpose the dried salt is mixed with 
flowers of sulphur, chlorate of potassium, sulphide of antimony, and charcoal. 


■ Aeetonitrate of Sr- .SH-O, crystallises by spontaneous evapora- 

tion from a mixed solution of the component salts containing a slight excess of acetic acid 
m large limpid permanent tabular crystals (v. Hauer,!, pr. Chom. Ixxiv. 432), belong- 
ing to the tricUnio system, and exhibiting the combination oP . copoo . osPoj oo 'P 
'P . P'oo . i'P. Baho of axes, a:b c =. 0-6200 . 1 -. 1-1697 In the left upper octant 
the angle n a = 77°43' , 6 o = 83° 21'; a 5 - 88° 1 9' The crystals cleave perfectly paraUel 
to oP ; less easily parallel to oopco (Zeph aro vioh, Wien. Akad. Ber. xli 617.) 

Niteatb of Tbkbium. Badio-crystallme mass, permanent in the air and dis- 
solving with pale red colour in water. ’ 


NtTBATB OF THAuniujir, TINO”, cryatnlliaes from a solution of thaUium in nitrio 
acid in dull white needles, which melt at 206°, with separation of a small quantity of 
bla^ peroxide The aqueous solution of the suit thus purified gives no precipitate 
with ammonia, whereas from the ernde solution of thiiUium in nitric acid ammonia 
throws down a small quantity of hydrated peroxide of thallium Nitrate of thallium 
has a speeiflo gravity of 6-8, is insoluble in alcohol, but soluble in water, the saturated 
solution containing 9-75 per cent, salt at 18°, 43-7 per cent, at 68°, and 66-0 per cent 
at 100°. (Orookas, Chem. See. J xvii. 141.) ^ 

Nituats of Thobinum. Th"N^O«. -Easily soluble in water and in alcohoL 
Ihe aqueous solution dries up over oil of vitriol to a erystallme mass , when left to 
evaporatem the air, it yields a thick syrup (Berzelius), according to Ghvdeniiis 
' f ciisily. Nitrate of ihonnum and potassium, 
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NituatbsoitTin. Stanuio hydrate prepared from the chloride dissolves freely in 
nitric acid, and if very concentrated acid has been used, the solution deposits stanma 
mtiata in silky scales. If the solution contains nitrate of ammonium, it does not de- 
compose at ordinaiy temperatm'es , hut in the eontraiy case, especially if diluted, it . 
deposits stanuio hydrate, which redissolves on addition of nitrate of ammonium Ma- 
tiistannio hydrate (produced by the action of mtnc acid on tm) does not dissolve in 
nitric acid. 

Stannous nitrate is produced b^ dissolving stannous oxide, or hydrate, or metal- 
lio tm, in cold very dilute mtrio acid ; the solution is easily decomposed by heat, with 
separation of stannic hydrate 

Niteath oir Ubanium:. U'’0''.N*0“.6H’‘0 or Nitrate of TJranyl (trO)'NO“. 
SH-0. — Produced by treating uranium or either of its omdea' with nitric acid. 
Crystallises in lemon-yellow fluorescent trimotrio prisms, in which a ; J ■ e =. 0-874 : 

1 0 8203. Angle P • P (braoh.) = 126° 64' . (macr.) = 118° 30' • (basal) = 84° 28' : 
fen -Poo (basal) =■ 62° 40'. Ordinary combination P. foo . ooPoo . ojPoo . The crystals 
effloresce slightly in dry air, and further in a vacuum, giving off half their water They 
dissolve in half their weight of water, also in alcohol and ether. The aqueous sol- 
ution IS decomposed at a moderate heat, depositing a lemon-yellow pulverulent sub- 
stance not yet examined. The crystals melt in then- water of crystallisation, then 
give off water and acid, turn reddish-yeUow, and leave pure uranic, or at higher 
temperatures, uranoso-urauie oxide (Piligot) According to Ordway (Jahresb. 
1859, p. 114), the crystallised salt melts at 69-6°, and begins to boil at 118°, the 
liquid remaining clear tiU about two-thu-ds of the water is drawn off, together with a 
little aoid ; the residue then becomes somewhat heated in contact with water, and forms 
a turbid solution which afterwards becomes dear. 

HiTBATP Of Vanahiuh - 0. Vanailo nitrate. — Vanadium, vanadious, and vana- 
dio oxide dissolve in nitric add, fonding a blue solution which may be boiled without 
alteration, but decomposes at a certain degree of concenti-ation, the residue left on 
evaporatmg to dryness oonsistmg of vanadic anhydride containing a little nitric acid. — 
iS Nitrovanadio aeai. Dilute nitric acid dissolves vanadic amd (or anhydride) wulh 
yellowish colour, and on evaporating the solution at ordinary temperatures, a reddish 
mass is loft, from which water extracts a small quantity of mtro-vimadio acid 

IfiTEATB OP Ytteium. Large colourlcss crjstiils (Borz ell us) The solution 
ev.iporated at 60° and then qmokly cooled, yields colourless laminaj (Berlin). The salt 
IS deliquescent. 

NiTiiATES OP ZiNO. Thenormal saZf,Zn'’0.N’0‘ 6H'0 orZn"N’‘0'’.OH-0 (cr 9H=0 
according to Schindler), separates from lughly concentrated solutions in limpid, 
flattened, striated, four-sided prisms, terminated by four-sided pyramids They have a 
sharp taste, deliquesce in the air, dissolve readily in water and in alcohol ; melt in their 
water of crystallisation at 60°, and give off the whole of it in a stream of dry air at 
106° (Pierre). According to Graham, half the water goes off at 100°, the remainder 
only when the salt begins also to part with its acid. According to Ordway, the 
crystals melt at 86 4° ; the liquid bolls at 131°, remaining clear during the boding till 
it has lost 42 per cent, of its weight , the residue solidifles on cooling to a vitieons 
mass having nearly the composition Zn"0 SZn’'N®0“.3H*0 This tetrasmeio salt 
was likewise obtained m prismatic needles by Gerhardt (Jahresb. 1847-8, p. 4361. 
Schindler obtained the same salt with only 1 at. water by digesting the octozmcic salt 
with the noi-raal salt The oetozindc salt, 7ZD"0.Zn"M'“0“, is obtained with 2 at water 
by heating the normal salt till the fused mass becomes nearly Bohd (Grenville), 
or with 4 at water by precipitating the solution of the normal salt with a quantity of 
ammonia not sufficient to take up all the nitrie aoid. (Schindler and Grenville ) 

UlTEATB OP ZiBOONiUM. The Solution of zircouie hydrate in nitric acid yields 
by evaporation a yellow gummy mass, which has a sour astnngent taste, and gives off 
acid when heated If it has not been heated above 100°, it redissolves completely 
in water The solution is capable of taking up a considerable quantity of mrconio 
hydrate, forming a soluble baeio salt. If the solution thus formed be dduted and 
heated to boding, it deposits a still more basic salt in the form of a gelatinous pre- 
cipitate. A basic Salt soluble in water and in alcohol, is likewise obtained by heating 
the normal salt above 100°. 


Alooholie Nitrates. Nitric ethers. 

When nitric aeid is heated with an alcohol, part of the alcohol is oxidised, and the 
nitric aoid is reduced to nitrous acid, which, with the remainder of the alcohol, forms 
a niti’ous ether together with other products (p. 76) , hut by addition of urea or other 
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amide, -wliieh decomposes the nitrous acid as f.ist as it is formed, this action may be 
prevented and the alcohol and nitric acid will then form a nitric ether. 

Nitkate op Amtt. Amyl-mtuc ether, C“H"NO'’. — Prepared by agitating 10 grins. 
' of iiiti'.itB of area with 30 grms of strong nitric acid in a retort for ten niiinitea, then 
adding 40 grms of amylie alcohol, and gradually healing the mi'cturc, a cooled receiver 
being adapted to the retort The distillate, which sepaiates into two layers, is shaken 
up with water , the lower Liycr is rectified, the portion winch distils from 148° npwaids 
being collected apart , and this portion is rectified twice mors, the liquid ivhich goes over 
at 148° being each time collected apart (AV, Hofmann, Ann Ch Phys [3] xxiii 374). 
It IS also produced by the decomposition of dmitrjlide of amylcue (Gutli rie, i 209 ) 

Nitrate of amyl IS a colourless oil of specidc gravity 0 994 at 10°, boils at 148° 
(AV Hofmann); according to Eieekhei (Jahrb, pr. Pharm, xiv 1), it has a spe- 
cilic gravity of 0 902 and boils at 137°. It has an odour of bugs and' a siveet burning 
taste, with very unpleasant aftertaste. It dissolves in ether and alcohol, and is pre- 
cipitated from tile latter by water. Burns with a green-edged flame , is decomposed by 
oico hollo potash. 

Nithatb OP Ethvi.. Nitno ether. Ethyl-nitric ether, JPreparatwn, 

— 1 Between 70 and 76 grms. of alcohol of 36° Bin is distilled with an equal weight 
of nitric acid of specific gravity 1-40 (or 2 vol alcohol to 1 vol nitric aoul), and about 
2 grams, of nitrate of urea, the receiver being changed as soon as the alcohol which 
first comes over is replaced by nitric ether, and the distillation stopped as soon ns the 
residue is reduced to one-thim of the original mixture. The nitric ether thus obtained 
IS washed with aqueous potash, and afterwards with water, then left for two days m 
contact with lumps of chloride of calcium, and finally decanted cud rectified (Mill on, 
Ann Ch Phys [3] viii 239). According to Carey Lea (Sill Am, J. [2] xxxu. 
178), it is bettor to use a huger proportion of nitrate of urea, namely 8 or 10 grms to 
the above quantity of hqmd, with these proportions larger quantities of liquid may be 
oper.ited upon at once (see also Heintz, Jahresb. 1863, p. 482) — 2 Aoeordiug to 
J Persoz (E4p Ohim pure, v 30), nitrate of ethyl is easily obtained, without the 
use of urea, by dropping absoluto alcohol (10 grms ) from a very fine pipette into 
highly concentrated colourless nitric acid (about 20 grms.) contained in a platinum 
dish, "wall cooled with a mixture of ice and salt. The formation of the ether takes 
place us the liquids mix. A lump of ice is then to he throivn into the mixtiu’s, where- 
by the acid is diluted without rise of temperatiu'e If any oxidation of the alcohol 
takes place from dropping it in too quickly — which may bo known by the emission 
of red fumes— a piece of ice must be immediately dropped in to save the otiior already 
formed, and the operation repeated 

Piopej'tifs.— Nitnc ether is a liquid of spceiflc gravity 1’112 at 17°, boiling at 86° 
or 86°. Ite vapour-density at 86 5° = 3T12 , at 90° = 3 094 ; at 70'3° = 3 066 ; 
at 64-9° = 3 079 (Playfair and AVenklyu) It has an odour different from that of 
nitrous ether, and a very sweet taste, with bitterish aiterfaste. It is insoluble in water, 
but mixes in all propoitions with alcohol and ether. It bm'us with a wliito flame ; its 
vapour, if heated above the boihng.point, explodes violently when set on fire. 

Heated to 100° with alcoholic ammonia, it yields nitrate of ethyhunme (lunoa- 
della, Oompt rend, xlviii. 342). 

C»H‘NO« + Nff = C»H'1THN0». 

AVhen a mixture of equal volumes of nitric ether, alcohol and strong aqueous ammonia 
is heated to 100“ m a sealed tube only two-thirds fUlsd with it, tho ether disappears 
completely, and the resulting solution cont.mis di- and tn-ethylamine together with 
ethyiamine and ammonia. With a considerable excess of ammonia, tho nitric etlier 
may be decomposed even without alcohol (Carey Loa, Siil, Am ,T [2] xxxii. 26 ) 

Nitric ether is easily reduced by sulphide of amnioniumm alcoholic solution, yielding 
mercaptan, according to the equation, 

C^ffNO* s- 5ffS ~ C=H*S -1- NH“ + 3H»0 + S‘. 

(E. Kopp,J. Pharm. [3] xi. 321). Heated with /errows acetate it is gradually re- 
solved into nitrogen gas, a small quantity of nitrous ether and ammonia. (CareyLea.) 

MercurethyUo Nitrate, C'rfj^‘N’0” or G'B'g'N^O” Hg''N’‘0« Ethylo-mer- 
oano nitrate. Salpetersaures Aethyl-Queo,isilberoa:i/<1. Nitrate d’Uhyle et dc mcroure. 
— Tills compound, discovered by Sobrero and Sclini (Oompt rend xxxiii 67), and 
further examined by Gorhardt (Ohem, Soc. Qu J v 88), is obtained by mixing 
alcohol with excess of a very strong aolntion of trimerouwc nitrate No precipitate is 
formed m the cold, hut on heating the liquid, a white crystalline compound separates 
even bef ire the boiling point la attained, and its formation continues witliuut further 
application of heat The reaction is as follows 

Hg«N“0“ -1- « 0=Hg'N'‘C« 4- 3H’0. 
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The alcoholic raother-liquor contains a large quantity of ihercurous nitrate. A mer- 
curous salt, probably formed by secondary actions, frequently also separates in small 
needles after the msrenrethyhc nitrate has been removod by decantation. 

Mercuretbj he nitrate is a white crystalline salt which, when examined by tlie micro- . 
scope, exhibits a highly oharactoristic form, consisting of six-pointed stars or hexagonal 
tables, shaded on the edges in such a manner that similar stars appear within them, 
with their vertices projecting into the angles of the tables. The crystals gave by ana- 
lysis 2'9 per cent carbon, 3 hydrogen, 78 4 mercniy,and 3 6 nitrogen (Glarliardt), 
agreeing with the formula G'Hg^N-'O" H-'O, which requires 3 1 carbon, O’S hydrogen, 
78 3 meroury, 3 3 nitrogen and 16 0 oxygen. 

Merourethylio nitrate is insolnble both in imter and in cdoohol. Heated in a small 
tube it decomposes suddenly and explosively, but without detonation . — Bydrochlorio 
acid dissolves it completely, without leaving a trace of calomel , henee it is a mereunc 
and not a mercurous salt The hydrochloric acid solution gives a yellow precipitate 
with potash — Sulphi/d> to acid decomposes the salt, forming sulphide of mercury and a 
substance having the odoiu- of meroaptan. A strong aqueous solution of potash turns 
the salt grey , when boiled with the same solution, it turns black, but is not completely 
decomposed, the black substance is always mixed with crystals, however long the 
boiling may be continued. Hydrochloric acid does not dissolve tide black substance, 
though it forms but a small quantity of calomel. It appears therefore that the salt 
13 essentially altered by the action of the potash — Ammoma acts upon it in a similar 

Niteatbop Methyl. Meihyl-mtrio ether CB'N O’ — This ether is easily ob- 
tained by dissolving 40 grms. of nitrate of urea in 200 cub. cent, of pure methylie 
alcohol, adding ISO cub cent of pure nitric acid of speeide OTavity 1'31 (free from 
nitrous acid so that it gives ho colouring with ferrous sulphate), and distilling to one- 
third. This process is to he twice repeated, the residue being mixed m the first in- 
stance with 170 0. c. methylie alcohol and 130 o o nitric acid, and in the second with 
160 0 0 methyl-alcohol, 110 e.o nitric acid, and 10 grms nitrate of urea. The distillate 
is washed, first with solution of common salt, then with ddute carbonate of sodium. 
By this process 420 grms. methylie alcohol yield 300 grras. ci'ude nitrate of methyl. 
(Carey Lea, Sill. Am I [2] xxxui 227). Dumas andI’Aligot(Anu. Oh. Phys [2] 
Iviu 37), by distilling wood-spirit with saltpetre and oil of vitriol, obtained a liquid 
boiling at 66°, wlnoli appears to have been a mixture of nitrate and nitrite of methyl, 
as its analysis gave about 8 per cent too mneh carbon for the formula of the nitrate. 
The vapour exploded with great violence when heated to about 160°. The proper- 
ties of the pure nitrate of methyl obtained by Lea have not been described. 

Nithatb of Oottl C®H”N0’ Nitrate of Capryl, — ^Produced by decompos- 
ing iodide of octyl dissolved in alcohol with nitrate of silver. _ Oily liquid whioli has a 
fruity odour, floats on water, is msoluhle in alcohol, boils with decomposition, bums 
with a bright flame, and is decomposed by alcoholic potash, yielding octylio alcohol 
and nitrate of potassium (Bonis, Ann. Cb. Phys [3] xlix, 136 ) 

HITROOEN, PHOSPHIDES OP. UP"'. See PHOSPHOROSAMIBBa. 

NITROGEN, SREPBIDE OP. NS. (Pordos and Gills, Ann Ch. Phys 
[3] xxxii, 389.) — This compound, the analogue of nitnc oxide, 1$ obtained by passing 
ammoniucal gas through a solution of protosulphide of chlorine in disulphide of carbon. 
Sal-ammoniac is first precipitated, and then a dark brown flaky substance, which is 
decomposed by the fimtlier action of the ammonia. The passage of the gas must be 
continued till the brown flakes have almost disappeared, and an orange-yellow liquid 
is formed, which may be sop.irated from the chloride of ammomum by filtration and 
obtained quite clear. The filtote, when left to evaporate, first deposits sulphur and 
afterwards crystals of sulphide of nitrogen The reaction is very compbeated, but 
the final result may be represented by the equation ; 

3CPS + 8NH» « 2NS + S + 6NffCl. 

Sulphide of nitrogen crystallises in transparent golden-yellow rhombic prisms with 
dihedral summits. It has a faint odour, adheres strongly to paper if rubbed upon it, 
and produces painful irritation of the mucous membrane of the nose and eyes It 
explodes by percussion or when heated to 160° — 160°. It dissolves veiy sparingly in 
alcohol, ether, and sulphide of carbon • water does not dissolve, hut slowly decomposes 
it Its solution in sulphide of carbon also undergoes slow decomposition. It unites 
in several proportions with the sulphides of chlorme. 

NITROGENIITM. Syn with Nitroqbn 

NITROCBNTIANIC ACID. See Gentiahic Acid (ii. 830), 

NITROCXTCERIN. See Qlyobkin (li. 860) 
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NlTROMETHIDES. 


HIXROBAIUMA.lilWB. San HAHMiLiNB (iii. 9). 

KriTBOBABKIN'E: or KIXROHARnSIDIlirS. See BjLEMnm (iii. 11). 
WlXBO-HAiiaATIC ACID. Syn. -witli PioitAino Aon). 
lariTKOBBDBITIN. See BjBLBimr (iii 138). 

WITBOHIPPTTRIC ACID. See Htppnnio Acid (iii. 161). 
wiTROBinaxo ACID. Soo Uuno Acm. 

WITB0BYDBRII.10 ACID. Sea HTDiiEn.ia Acm (ui. 221, footnote). 
MTITRO-IWOSITB. See IsosiTB (jil 276) 

BITBO-XODIC ACID or ARHYDBIDB. See loDio Acm (iii. 299). 
iriTBOD ACTIN'. See MrtK-SuOAB (m. 1024). 

NXTBODSUCIC ACID. Syn. with Nitbatb of Lddoine. (See Ledcdiu 
hi 582 ) 

NITBOMCANNITB. See Maunith (hi. 826) 

KTITBOnlBCOn'lNr. See Mecohot (iii. 863). 

WlTBOBIBIiANlDlNB. See MolAhilinb under PHEim-AMlOTS 
nitboikesidinb. See MESiTytiura (m. 930). 

NlXBOMESIT'V'DBirES. See Mbsityxbnb (iii. 980). 
witboiAETACEXONIC acid. Syn. with Nstbo-Pbofioitio Acid. (Sen 
PnopioNio Aoid ) 

NIXBOMEXHIDBS. This name maybe applied to certain compounds derivable 
from marsh-gas (hydric metlude) by the substitution of one or more molecules of 
nitryl for an equivalent quantity of hydrogen. Tlicir names and formulm are given in 
the following table, in which nitryl (NO*) is denoted by X. 


Ttpb, C H H H H. I 

1. Tribromonitromethide, Nitro-bromoform or Bromopicrin . 0 X Br Br Br 

2 TnoUoromtromethido, Nitrochloroform or Ohloropiorm . C X Cl 01 01 

8. Trinitromethide or Nitroform 0 X X X H 

4. Bromotruiitrometbide or Bromonitroform . . . 0 X X X Br 

6. Tetramtromethide . OXXXX 

6. Oyanonitromethide, Nitracetonitrilc or Fuhninio aoid . 0 X H II Oy 

7. Oyauodinitrometliide or Dimtracetonitrile . . . 0 X X H Oy 

8. Oyanotrinitrometbide or Tnnitraeetonitrile . . . 0 X X X Oy 

9. Oyano-dibromo-mtrometlnde or Dibromo-nitraoetonitrile . 0 X Br Br Oy 

The first and second of these compounds have been already described as Bromo- 

pierin and Chloropicrin (i. 923) 

3 Nitroform. C(NO’)’H — ^This compound discovered by Sohisobkoff (Ann 
Oh Phiirm. chi. 864) exhibits the relations of an acid. Its ammonium-salt, 
C(N0^)‘NH*, is obtained as a yellow crystalhsablo substance, soluble in water and in 
alcohol, by the action of water or alcohol on oyanotrinitromcthide (p. Ill) , and 
on agitafmg this salt with strong sulphuric acid, tho mtroform is separate 
floats on the surface of the hquid, in the form of an oil which may he removed. 

Nitroform, at tompovatures above 16°, is a colonrloss od . below that tempt 
it solidifies in colourless cubic crystals It is moderately soluble in water, fc 
a dark yellow solution. It oannot be distilled, ns it explodes witli violenee when 1 
The atom of hydrogen in nitroform may he replaced either by metals or by cl 
radicles, namely bromine and nitryl. The metallic derivatives or salts ofnitn 
are for tho most yeEow and ciystallisnhle they explode when heated. 

4. Bromonitroform. 0(N0’‘)”Br. — Produced by exposing mtroform to the 
action of bromine for some days under the influence of direct sunshine, or more easily 
by treating an aqueous solution of mercuno nitroform, C’^(XO'‘)“Hg", with bromioo. 
It is colourless, liquid above + 12°, but solidifies below that temperature to a white 
crystallipe mass. It is somewhat soluble in water, and may be distilled with aqueous 
vapour, or in a current of air. It decomposes at 140°. (Schisohkoff, Ann. Ch. 
Pharm cxix 247.) 

6. Xetranttromethlde. Tdrawtrijlids of Oarhon. Hitro-koUsnstof. C(IIO^)h 
— Produced by treating nitroform with foming nitric and sulpbuno aoidsj beating the 
liquid to 100° and passing air throngh it A liquid then distils over, from which 
water throws down tetranitromethide as a heavy oik 

Tetramtromethide is liquid at ordinary temperatures, but Solidifies at + 13° to a 
white orystalhne mass It is insoluble in water, hut soluble in alcohol and ether It 
boils at 126°, and uiiKke nitroform, may be distilled without decomposition. Wheu 
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NITEOMETHYLIC ACID (DI-). 

rapidly heated, it docoraposea with evolution of nitrous vapours ; but even then it does 
not explode. It does not take fire by contact with flame ; but a glowing coal on which 
It IS poured burns with a bright light. (Sehishkoff.) 

a Cyanonftrometlilde or nritracetottitrlle does not exist in the free state, hot 
its salts, the FuLimriTES, already described (ii. 730), give rise by their decomposition 
to the three following compounds, cyano-dibromo-nitromethide being produced by the 
action of hromme on fulminate of mercury, while eyanodimtromethide and oyanotrim- 
tromethide are obtained from fulmimiric acid (ii. 739) which is itself a product of the 
decomposition of fuhumato of silver. 

7 CyanodlultrometMao orDlnltraoetonltrlle. C»HN“0* = OCNO^HOy = 
0*(N0“)’HN. (Schisehkoff and Hosing, Ann. Oh Pharm. civ. 249; Schisch- 
koff, imd. cxix 249.)— This compound is an acid, tho ammOninm-salt of which 
(originally called dinitrammonyl) is obtained by the action of sniphydrio acid on 
oyanotrimfcromethido ; 

C(hrO“)»Oy + 4H“S = a(hrO7(irH0Cy + S* + 2H’‘0. 

On mixing the aqueous solution of this ammonium-salt vnth au equivalent quantity of 
sulphuric aoid, agitating with ether, and evaporating the ethereal solution, a s^p is 
which gradually yields large crystals of cynnodimtromethide, apparently containing 
water of ciystaUisation 

Cyanodiintromethide treated with ammonia reproduces the original ammoninm-sal^ 
which erystalhses in colourless needles, easily soluble in water, sparingly ui alcohol, 
insoluhlo in ether. When boiled with oxide of silver, it forms a solution which on 
cooling deposits crystals of the argentammonmm-salt of oyonodimtromothide, 
C(NO^)\NffAg)Oy. 

Cyauodiuitromethide also forms crystalline salts with potassium and with silver. 
The silver-salt, 0(N0*)®AgCy, detonates hko fulminate of silver, and is decomposed by 
bromine, yielding an oily body, probably oyanohomodinitromethde, ^(NO’y'BrCy 

8 Cyano-trlnltromothtde or Trlultracetonltrlle. OWO® = C(NO’)*Py = 
C“(NO'“)'N. (Schisehkoff, Ann. Oh Pharm. ci. 213). — ^When asaltof ftilininuric acid 
13 added by small portions to a cooled mixture of highly ooncoutnited nitno and siil- 
phurie acids, carbomo anhydride is evolved, and trinitraoetonitrile separates as an oil 
which crystallises on cooling ; 

C>(N0«)H»N=0 + 2NO»H = CO» + ffO + NH» + C*(1T0*)”N. 

Fulmlnuno acid Trinitracetonltrlle 

Oyanotrmitromethide is a white crystalline camphor-like substance, melting at 4 1 5°, 
and decomposing with explosion at 220'^. It may he distilled m a current of air at 
60°. It dissolves without alteration in ether, hut is decomposed by luater and aleotwl 
even lu the cold, and more quiekly when heated, into carbonic anhydride and tho am- 
monium-salt of nitroform; 

0\N0"-)'1T + 2H“0 = 00= 4- 0(N0=)‘(NH=). 

BiUphydria add converts it into the ammonium-salt of eyanodimtromethide (p 110). 

9 cyano-aibromonltrometliide or Sibromonltraoetonltrlle. C*Bt=N=0= — 
C(NO“)I!r=Cy = C=(NO=)Br=N (Kekuld, Ann. Oh Phnrm cv. 281) — ^This compound, 
which differs from mercuric fulminate, 0=Hh^"N=0=, only by containiug 2 at. bromino 
in place of 1 at. mereuiy, is prepared by pouring hromme on mereiiric fulminate under 
water till the colour of the bromine is no longer destroyed. On subsequently distilling 
the hquid, cyanodibroraoiufromethide passes over with the aqueous vapoiw, m tho form 
of au oil which partly solidifies in the crystalline form. 

Cyano-dibroinonitromethide forms largo well-defined crystale, insoluble in water, 
soluble m alcohol and in ether, and smelling like chloropicnn. It melts at 60°, and 
begins to boil, with decomposition, between 130° and 136° With vapour of water 
it may he distilled without dcoomposition (Keknld) When gently heated with iron- 
filings and noetic acid, it is strongly attacked, giving off hydrocyame acid, hydrohromie 
acid, ammonia, and probably also carbomo anhydride. (Stahlschmidt, Jahi'esb. 
1860, p. 241.) 

N'XTHOIHETRVI.IC AOIB (HI-). or C=HWO*. (Prankland, 

Phil Trans 1867, p. 69; Chem Soc. Qu. 1. xi. 88 )— This acid, homologous with di- 
mtro-ethyhe acid (p 61) is obtained, similarly to the latter, by the action of nitric 
oxide on aino-methyJ, 4 at of the former uniting with 2 at of the latter to form the 
salt, C=H“Zn"N'‘0*'C=H"Zu". This salt is decomposed by water, yielding marsh-gas 
and bade dmitromethylate or oxy-dinitromethylate of mne, C=H®Zn''K‘0‘ Zn''0 , 
which, when decomposed by carbonic add, yields the normal xino-salt, 
C=H“Zn"hr^OhH=0. — The sodxxim-saU, CH“NaN=0=H'0, is obtained hy treating a 
solution of the normal zinc salt with carbonate of sodinin, evaporating to dryness, and 
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exhausting the residue with strong aleohoL It is very soluble ui water and in alcohol, 
and burns intensely when heated 

NZTKO-KinKIiLTXC ACID. Jgua regia. Konigsmctsser —A yellow fuming 
Hmud produced hy mixing strong nitric and hydroclilono acids. The mixture is at fcst 
colourless ; but after a short time, or quickly if heated, it assumes a deep orange-yellow 
colour, and breaks up into water, enlorme and the chlorides of nitrosyl, chiefly the 
di chloride. The ddnte acids may remain mixed for a long time without decomposing 
each other, unless heat is applied. Nitro-muriatic and dissolves gold and platinum, 
an action which seems to depend entirety on the presence of the chlorine liberated by 
the mutual action of the original acids. The same reaction lenders nitromnriatic acidvery 
useful in destroying organic matter, in toxicological investigations for example (see 
Ausknio, i, 366). An impure nitromnriatic acid is prepared by dissolving nitrate of 
sodium in hydrochloric acid, or chloride of sodium in nitric acid 
WITBOTrAPHTHAiBWES. See Waphthaubni: (p. 11). 
XfiTRONfAPHTHTiiAlUCllirE. See NAmmiYUAMnn! (p. 21). 
N'lTRO-OXYBSIM'ZOIC ACID. See OxYBENZOIO Acm. 
KITBOPAPAVERIKrB. See 'PAPAVEKiirE. 

larXTBOPETTCEDAKIIDB and SriTROPEVCBDAN'XN', See Peucbdandi. » 
UZIROPBXROB-DIAltXIH’B. See Pbtboi,. 

WITROPHEWAMIO ACID. Dmtti o-iiphenarmo acid, 

(N0’)=NW (Laurent and Gerhardt, Oompt Chim 1819, p. 168.)— An acid pio- 
duoed by the action of snlphydrate of ammonium ou dmitrophemo acid ■ 

2G*H<(1T0’)50 + 3(NH'')'‘S> - C'”H''=(N0*)*N’=0’ -t 4H=0 -t- S». 

It forma browoi hexagonal needles, with four angles of 131° 30' and two of 97°, contain- 
ing 2 at. water, which they give off between 100° and 110°, the nnhydroiis acid doeom- 
positig at a higher temperature ; they yield a yellow powder Tho acid is sparingly 
soluble m cold water, moderately soluble m alcohol and ether It dissolves in am- 
monia, forming a deep red solution which is decomposed by concentration, witli 
evolution of ammonia. With aqueous potash, it yields the salt 0*“H'‘K(N0*)WP, 
which crystallises in dark red nodules, very soluhle in water and in alcohol. Thu 
Jeriam-saW forms sparingly soluble brown-red needles obt'"' ' ' 

of banurn with an ammomaeal solution of the acid. The 

cipitatad in like manner in small needles Tho coppcr-salt is a yellowish-green, tho 
lead-salt m orange-brown precipitate Tho C‘’H"Ag(NO’)WO’, is a dark 

hrowii-yellow precipitate which crysUUises m scales from hot solutions. 

XJITROPSEITAiaYXlDIIl'E ov Amyl-nitro-phmtdine — A base formed hy the 
action of alcoholic snlphydrate of ammonium on the heavy oil obtained hy treating phenate 
of amyl ( j ti.) with fuming nitric acid. It is crystellisable and forms erystallisable 
salts (Cahours, Compt. lend xxxn 61) 

Il'IXROPHEN'BSIC ACID. Syn. with DiNiTKOPHnNio Aoro. (See Phenol ) 
mXROPKEN'ETOX, Syn. With Nitbophenate OP Ethyl, (SeepHENiaEiHEES, 
under Phenol.) 

liriXROPKENlC ACIDS. See Phenol, Debivatives op. 

IsriXRORKEE'ISIc ACID. Syn. with Tbi-niteophenio Aoid. (See Phenol.) 
TTIXROPKEHOIC ACID. See Phenoio Aom. 

KTITROPHEItrox. See Phenol. 

KITROPHBKnrXABIIWB. See Phhnylamine. 
KriXROPKEirYX-CARBAniiDEB. See Oabhajudbs (i. 766). 
BrxXROPKEirYXEZffE-DIAIlIZKrB. See PHENYLENE-niAiuirais. 
SriXBOPHEXrTX-PlIOSPHORIC ACID. See Phosphoeio Ethees. 
ITIXROPHEE'YX-PYROXARXRAiaiC ACID. See PYEOTAETEAMia 
Etkees. 

Il'IXBOPREIfYX.SVXPHVRXO and SVBPHVROUS ACIDS. See SoL- 
piiuiuo and Sulphubous Ethbbs 
liTlXROPaxoRBTrN'. See Fblobetin. 

NIXROPHXOROCXUCni'. See Phloeoolhoin. 

WIXROPHTHAXEBrE. a»H'(NO-). (Dnsart, Ann. Oh Phys. [3] xHv, 332.) 
— A compound, isomeric with nitro-cinnamene, formed by tlie action of potash on nitro- 
naphthalene To prepare it, 2 pts of caustic potash ^ssolved in as little water os 
possible are mixed with 1 pt. of fresh slaked lime, to which nitronaphthaleue is gra- 
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dually added. The action begins almost immediately, the mixture becoming reddish. 
The mass is kept foe about six hours at a temperature not exceeding 100°, and is 
stirred from time to time, the evaporated water being replaced, the whole is then 
added to a large quantity of water and allowed tO settle down ; the alkaline solution, 
coloured deep yellow by nitrophthabnic acid, is decanted off; and the deposit is washed 
with water until the latter is only shghtly colomed. The lime is removed from the 
brown residue by dilute hydrochloric acid, and the remainder thrown on a filter and 
washed with water. The nitrophthalene can only he separated from the brown mat* 
ter with which it is mixed by distilling with steam , it then passes over in ody drops 
which crystallise on cooling If distilled alone, the product is less pure. 

Nitrophthalene is of a straw-yeUow colour and crystallises on coohng from hot alco- 
hol m long needles, which are tasteless and have a faint odour It melts at 48°, 
herins to boil at 280°, and distils over in largeqnanlitiesbetween300°and 320°, leaving 
a Sight oarhoiiaeeous residue. It is not soluble in cold water, hut when distilled with 
water, impaits to it an aromatic odour and separates on cooling m needles having a 
silky lustre It is but slightly soluble fn cold alcohol, but readily in hot alcohol , ois- 
solves abundantly m and in coal-oil 

Nitrophthalene heated with a strong solution of potash, yields nitrophthalio acid ; less 
readily with hydrate of calcium or bonum When distilled with dry potash-hme, it 
evolves much ammoma, while an odorous oil distils over, and the sides of the retort 
become covered with long yeUow needles which dissolve in sulphnrie acid with a 
beautiful violet-blue colour The oil is shghtly soluble in water, and the solution gives 
with ferric s.ilts an indigo-blue precipitate Sulphide of anivumium converts mtro- 
phthalene into phthaldine, sulphur separating out 

C'H’NO* + 3ffS = C'H'N + 2ffO + S*. 

HITROPHTBAXIC ACID. See Phthamo Aom. 

KITROPHTHAXiAnilDE. See Phtuaxamidhs. 

BITROPHTHAZiIHIC ACIS. 0*H’(N0’)0'? (Dusart, loc. «<.)— This 
acid IS formed in the preparation of nitrophthalene as above 'described, and is pre- 
cipitated from its aqueous solution by hydrochloric acid, in golden fiocks, which, by 
solution in a mixture of 1 pi water and 2 pts. alcohol of 36°, may he obtained in stellate 
groups of golden -yellow needles. It is inodorous and tasteless at first, but leaves a 
pungent after-taste. When heated in a tube, it melts, gives off an odour of cyanide of 
ammonium, and loaves a large quantity of oharcoul It is sparingly soluble in water, 
more soluble in alcohol Its ammoniacal solution forms yellow precipitates with salts 
of calcium and barium ; greenish-yellow with cupno salte , red with eilver-ealie. The 
lead-salt is precipitated in orange-yellow fiocks, which when dry, explode by heat, 
or by contact with oil of vitriol. The potassium-salt forms reddish-yellow mammillated 
crystals, very soluble in water , the solution possesses great colouimg power, 

TrXTROPXAirvii. Syn with NraKosnacoioN. (See Meoohin, iii. 803.) 

HXTROPICRIC ACIB. Syu. with PiCBic or TBmiTBopaaHia Acin. 

IirXTROPXCROTOXXirH, See PlOEOTOXlKE. 

KTXTROPROPXOHXC ACXI9. See PnoHoino Aoin. 

irXTROPRTtSSXDES or NiTBOPOTSsiATBS. Syn. with Nitbofeebictakidbs. 
(See Otamdes os Ieon, li. 260.) 

HXXROP'S'RENE. SeePxEEOT. 

NXTRORACEMIC ACID. See Baceuic Acm. 

JtrXTROSACCKAROSB. — A substance formed by the action of fuming nitric 
acid (Sobrero), or of a mixture of nitric and sulphuric acids (Schonbein, 
Beinsoh) on cane-sugar. It is a white transparent resin, friable in the cold, hut at 
ordinary temperatures soft, glutinous, and ropy. It is neutral, inodorous and bitter ; 
melts at about 30° (Eeinsch). It is insoluble in cold water, but melts to an oil and 
slowly dissolves in boiling water , the solution gives the reactions of nitrites 
(Schonbein). It dissolves freely in alcohol, ether, uhSl fixed ads. Itexplodes when 
heated on platinum foil or by percussion , and deflagrates when touched with a glow- 
ing splinter (Eeiusoh). When heated with solid caustic potoA, it froths up, blackens 
and then takes fire (Schonbein) See Qmekn's Handbook, xv. 296. 

ErXTROSAI.ICYI.AniXDE. See SAXICXJ.AUDES. 

WXtrROSAI.XCVZ.XO ACID. See Samcxiio Acid. 

nrXTROSAliXOVXilDES. See SAi.iaii.ous Acid, Dbbivatiyus of. 

WXTROBO-compotnJDS. — Bodies formed by the substitution of the monato- 
mic radicle, NO, for an equivalent qiiantitv of hydrogen , thus nitrous aeid, HNO', may 

VoL. TV. ■ I 
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be regarded ns ^ 0, that is aa a molecule of water, in which half the hydrogen is 
replaced by mtrosyl; and similarly for all the nitrites. 

‘ mXROSXIXHYXiIir. C^IPWO = (Geuther andKreutzhage, 

Ann. Ch. Phnrm cxxvii. 43.) — ^This body, which has the composition of diethylamine, 
in winch 1 at. hydrogen is replaced by nitrosyl, is produced by the action 
of nitrite of potassinm on hydrochlorate of diethylamine . 

+ HhTO* C*H’»N=0 + ffO. 

The materials arc distilled together at a gentle heat ; the nitrosothyhn is freed from 
diethylamine by redistilhng the liquid after neutrahsation with sulphuric ecid , the 
sulphate of diethylamine which remains is completely conrorted into mtrosethyhn by 
repeated ti'eatment with nitrite of potassium , and the nitrosethylin, after dehydra- 
tion with chloride of calcium, is rectified in a stream of carbonic anhydride, the 
portion which distils at about 176° being collected apart 

Nitrosethyhn is un oily liquid of faint yellowish colour, peculiar aromatic odour, and 
humiBg taste. It has a specific gravity of 0 961 at 17 5°, and boils at 176 9°. 171160 
exposed to the air, it gradually turns brown It dissolves hi strong hjdroMoi icrooxd, 
forming a dark coloured hqnid, which is decomposed by beat, giving off nitric oxide 
and leaving hydrochlorate of diethylamine. The reaction is evidently theieversc of 
that by whidi nitrosethylin is formed (see the above equation), the nitrons acid first 
sot free being immediately resolved into nitrio oxide and nitric and. Hitrosethylin 
absorbs hydrooklano aoid gas, forming a tluek liquid, in which, after the excess of hydro- 
chloric acid has been removed by a stream of carbonic anhydride, crystals are formed, 
which dissolve easily in water. The action of chlorine on nitrosethylin also gives rise 
to orystalhne products 

WITROSO-MAIiOiffIC Acro. C»H»N0‘ = C'H»(N0)0*. (Baeyer, Ann, Ch. 
Pharm, oxxxi. 203.) — This acid is produced, not directly from malonio acid (ill 799), 
but by the action of potash on violuric acid, Q'H'N’O’, which is itself produced by the 
action of nitrous acid on haihiturie acid (malonyl oarhamido, 0H'(0®H®0“)"N“O), and 
has the composition of nitroso-malonyl-carbsmide, 0H(N0)(C*H*0“)"lSr“0 (sea Unio 
Aom, Deihvxtiviis op) The reaction is as follows • 

NItroso-malonjI- Carbamide Nitrom malonio 

carbamide. ^ acid 

Malonio acid is produced from haihiturie acid hi a precisely similar manner. 

To prepare the acid, violurato of potassium is warmed with potash-ley of specific 
gravity 12; the brownish hqnid is decolorised by addition of a slight excess of acetic 
acid and a few drops of alcohol, than filtered and mixed with about twice its volume 
of alcohol ; the nitroso-maJonate of potassium, which first separates in oily drops and 
then crystallises, IS converted into a silver-salt; and this last is decomposed with bydro- 
chlono acid. The solution thus ohtahied yields iiitroso-malonio acid, by evaporation 
in vacuo, in shining prismatic needles, very soluble in water, and containing water of 
oiystallisation whiA they give off over oil of vitriol. The aqueous solution begins to 
decompose when gently heated, and is completely resolved at the boiling heat into 
prussic acid, carbonic anhydride and water . 



O>H>(lI0)0‘ = CNH -1- 200*' + H^'O. 

The dry add heated on platimim-foil, first mdts, and then decomposes with a sharp 

^itroBO-mdonlc acid is dibasic, hut only neutral salts of it have been obtiined , the 
nitroBO-malonatfs of the alkali-metals dissolve readily in water, but are precipitated by 
alcohol , those of the earth-metals and heavy metals are insoluble or sparingly soluble, 
and may be obtained by precipitation. 

The potasdum-salt, C“HK“(N0)0'‘, is precipitated ftoxn its aqueous solution by 
alcohol, in oily drops which soon solidify if the alcohol he quickly added, ip larger 
laminm by slower OTecipitation. The lead-salt is a civstalline precipitate contaiiimg 
C'HPh"(N0)0»2H’0 The sihcr-salt, 0“HAg=(NO)0' H»0, is obtained as an 
amorphous precipitate' which soon heeomes erystalline It is blackened by light, 
dissolves easily in nitric acid and in ammonia, and does not part with its water of 
crystallisation at 110° 

The boluhle salts of nitroso-malomc acid give a red colouring with Jcmcchlonde, and 
a dark oKve-green precipitate with rntprus salts 
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Amidomalonlo acid, C“H'(NH-)0^. A product of the reduction of nitroso-maloaic 

acid by sodium amalgam • 

C“II\N0)0‘ + ff - CW(Nff)0‘ + H«0. 

It crystallises from aqueous eolution, by evaporation in vseuo, in rather large, ill- 
defliied. sinning prisms ; by precipitation with alcohol in needles The crystals con- 
tain water, which they gradually lose over oil of vitriol. The acid melts when heated, 
giving off carbonic anhydride, and leaving a residue of glycocine: 

G®H‘NO^ = CO* + 

The sumo decomposition tabes place on warming the aijneons solution. 

Araidomalomo acid is quicbly decomposed hy oadieing agents. When todinc is 
added to an aqueous solution of the acid eontaimng a small quantity of iodide of 
potassium, the product is mesoxaiie acid (m. 982). 

C*H“NO‘ + H*0 + I* = C»H*0» + HI + NH'I 

Amlilomalomo Moaoi[,illc 

acid. add 

The amidomalonates of the alkah-metala are easily soluble ui water and are pre- 
cipitoted in crystals hy alcohol The other amidomalonates are sparingly soluble 
crystalline preeipitates The barium- and calmmi-aalts dissolve with tolerable fecility 
in hot water, and crystalhse therefrom. The copper-soli is a white-green preoipilats 
The potassium-salt mixed with cupric acetate appears to form a blue double salt. 
The aloohoho solution of tho aoid heated with cupric salts, throws down cuprous 
oxide. The lead- and mher-salts are crystalline precipitates. The acid appeals to 
D6 monobasic, forming with neutral acetate of lead only one salt containing 
C»H“Pb"N*0» 

morHOSONAPHTBAAm. C><'H>(NO)N? Perkin and Church (Chera 
Soo Gu. J. IX. 1 ; Jahreab 1866, p. 607), by the action of nascent hydrogen on 
dmitrouaphthalene, and by ihat of nitrons acid on naphthylamme, or of nitrile of 
potassium, on hydrochlorata of napththylamine, obtained a dark coloured crystalline 
substance to which they assigned the above name and formula But frem subsequput 
researches on the action of nitrite of potassium on salts of napththylamine (Chem Soo. 
J XTi. 207), they conclude that the product formerly obtained w.is not a definite com- 
pound, but a mixture of two or moro different substances, and that when proper pre- 
cautions are taken to ensure a definite reaction, tho product consists essentially of 
azodinaphthyldiamine, C“H'*N* (p. 23), they are also of opinion that the body 
formerly described by them as nitrosonaphthahn has no existence. Considering how- 
ever that this supposed body is exactly analogous in composition and 'mode of for- 
mation to mtrosethyhn and nitrosophenylin, and that the reaction by which it was 
origmally obtained is said to have given rise to the formation of moro than one com- 
pound, Its existence cannot perhaps he regarded as completely disproved. The action 
of nascent hydrogen on dinitronaphthalene, by which mtrosonaphthalin was first ob- 
tained, does not appear to have been re-examined. 

sriTBOSOPHEH'SXZI'r. CHTN-'O = C“H*(N0)1T. Perkin and Church 
(Chem. Soc Gu J ix. 1) —This substance, winch is analogous in composition to 
nitrosethylin and mtrosouaplithahn, and may he regarded as phenylammo (C'H'N), 
111 which 1 at H IS replaced by NO, is obtained by the action of nascent hydrogen on 
'dinitrobeuzone. When a piece of pure zme is immersed m a cold saturated alcoholic 
solution of dinitrobenzene, and strong hydrochloric acid is gradually added, the evolu- 
tion of hydrogen soon ceases, and the liquid gradually aequmes a crimson colour At 
the end of tho reaction, the zme is to be taken out, the liquid completely neutralised 
with alk.ili, and the dark coloured zinc-oxide repeatedly washed with strong alcohol. 
The aloohohe solution when evaporated, leaves nitrosophenylin, which may be purified 
by washing with water, re-soluUon in alcohol, and evaporation over the water-bath. 

Nitro.5ophonyhn is a black, shimng, brittle substance, winch melts when heated, and 
then decomposes , is nearly insoluble m water, very slightly soluble in benzene, easily 
soluble m acids and in alcohol. An alcoholic solution containing only 0'2 per cent, 
nitrosophenylin appears opaque and of a shining orange-red colom’ hy reflected light 
Strong hydrochloric or sulphuric acid, dissolves nitrosophenylin with a splendid crimson 
colour, boihng mtinc acid, with yellow, fmmng sidphuno acid, with brown colour. 
Alkalis precipitate it from its acid solutions without alteration, at least if they act for a 
short time only By the prolonged action of nascent hydrogen, nitrosophanylin is con- 
verted into a colourless substance not containing oxygen. When heatedwithaoe^iz-fewe 
it gives off all its nitrogen as ammonia and aniline. 

BXTBOSO-PZPBBrOZSTB. See PiPEuinwn. 
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XTlTROSO-Stri^PKATES) eomtnonly culled NitrosuJphatea. These salts, pro- 
duced by the bioiultaneous action of nitric onde and sulphurous anhydride on lilkiilino 
liq^uids, are usually regarded as sulphates in which one atom of oxygen is displaced by 
^ atoms of nitrosy], eff K-SO’(lfOl“ A dry mixture of 3 rol. sulphurous anliydride 
and 4 vol nitric oxide, though of itself permanent, is gradually absorbed by a strong 
solution of caustic potash or so^ with formation of a nitrososulphats of alkaU-metal 
JjUtrososvlfliate of ammonium is prepared by passing a current of nitric oxide gas for 
some honrs through a cooled mixture of one measure of concentrated solution of sul- 
phite of ammonium with five or six measures of aqueous ammonia Beautiful white 
crystals gradually form, which are to be washed witti an ice-cold solution of ammonia, 
dried in vacuo, and preserved in a weU-dosedbottle. ’She potassium- and sodium- salts 
may be prepared in a similar manner. They are rather more stable than the ammo- 
nium-salts 

Nitrososulphats solutions have a sharp hitter taste ; they are neutral to test-paper 
and do not give any precipitate with chlonde of barium. They are permanent only at 
the freezing point or in presence of an excess of caustic alkali. Their spontaneous de- 
composition mto nitrons oxide and a sulphate varies in its rapidity according to the 
temperature I?ree acids and most metallic salts transform the nitroso-snlphates im- 
mediately into sulphuric acid and mtrons oxide gas. A similar decomposition of the 
sells is pfffeeted by contact with spongy platinum, charcoal, oxide of silver, peroxide of 
manganese, &o. : — 

MO’CNO)’ = K'SO* + N’O. 

Dry nitrososulphate of ammonium is decomposed with olmost explosive violence when 
heated to a temperature a little above that of boihng water. ( Odhncfs Manual of 
Chemistry, p. 272.) 

I7ITROSTII.BXO ACID. C”H'’(N0*)0‘ ?— An acid formed, together with 
several other products, by the action of boiling nitric acid on stilboue {q u.). It is a 
yellowish powder, nearly insoluble in water, but soluble in alcohol, and stall more so 
in ether. (Laurent, Eev. Scient xvi. 373.) 

viTROSTTBOXi. Syn. with Nithooiumamenb. (See CuraaMBira, i. 983 ) 

nzTBOSri.PBAI<IC ACID. Laurent’s name for thecompoiind S0’(N0’)H, 
which he supposed to constitute the crystals of the aulphuiic acid cliambers, 

NITBOSUDPBATES. Syn. with NiTEOso-suLTHiras 

1TITBOSVX.PHIDBS OR IBOIT. See InOH (ui. 391). 

HiTJlOSVZ.PHOBBia’ZIDE. See SmuraoBSEziiii!. 

jfZTKOSiTl.PHOBEigrzzDIC ACID. Syn with NrcROPHi!itYi,-suijPHmtona 
Aom. (See Sm-rHunous Ethbes.) 

NrrROSVDPHOCVi«ox.zc ACID. See SnupHocnMOuc Aom. 

XrXTBOSXJlPBOSrAPHTBADXC ACID. See SunpEONAPHTHAIJO Acno. 

NiTBOS'OXPHOToiiXriri.io acid. See Snx.PHOTOLTm.io Aged. 

JtriTBOSUIiFBOXYIiOBXO ACID. See Sulphoxylolio Aom. 

NXTBOSYXi or AZOTirXi. The name of nitric oxide in combination. 


combination of clilormo and nitric oxide gases, 1 vol. Cl and 2 vol NO uniting to 
form 2 vol, chloride of nitrosyl , it also constitutes the prmcipal product of the latter 
of the decomposition of nitromuriatic acid (p. 112). 

Protochloride of nitrosyl is a deep orange-coloured gas. It is condensed by a freezing 
mixture of lee and salt, into a red fuming liquid, possessing the peculiar smell of nitro- 
miu'iatio acid. It is decomposed by water into tydrochlorio and nitrous acids, and 
acts in a similar manner on alkaline hydrates, forming a chloride and a nitrite of the 
alkali-metal: 

NOOl -4 2KH0 = KCI -4 K(N0)0 -4 H=0. 

It is decomposed by mereuiy, with formation of calomel and liberation of nitric oxide : 

2N0C1 -4 Hg% = Bg’GB + N*0». 

It does not act on gold or platinum. 

Dicklortde of Mitrosyl, NOCl®, called by Gay-Lussac, who .discovered it, 
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Chloro-nitric gas, is obtained by distilling, at a gentle beat in a water-batU, a mixture 
of 1 pt. of strong nitric acid -witii about 3 pts. of bydroohlorio acid. The products 
should be passed first through a yessel surrounded with ice, and then through a XT-tub« 
immersed in a mixture of ice and salt. In this tube the compound condenses, while 
free chlorine escapes us gas 

HKO” + 3HC1 = NOCl* + 2H^O + CL 
Bichloride of nitrosvl is a transparent, red, fuming liquid, which may be dried over 
chloiide of calcium. It boils at —7°, being converted into a deep lemon-yellow gas or 
vapour, smeUing strongly of nitromuriatie acid. When decomposed by dlTcaline liy- 
d.1 aid, it forms a nitrate as well as a nitrite and chloride of the alkoh-metaL thus . 

2N0GP + fiKHO = 4KC1 -t K1T0“ + KNO* + 3H«0 
It reacts in a similar manner with water, produeing nittous, nitric and hydroehlomo 
acids. With excess of marowry it forms calomel and nitne oxide. It does not act on 
gold or platinum 

iriXROTAItTARtC ACID. See Tabtaeio Acm. 

NIXACTHEXirB. Syn. with OHonnsTEOPHAira (i. 926). 

I«rXTltOTOl.TTlDIxrD. Syn. withRiTBOBBiizTLAMmB (SeeBBNZTi,AMnns, 1,670.) 
WITROTOIiTrBWB or H'lTROTOZ.VOI.. Syn, with HTDOniB OP Nitbo- 
BENZTL (See Bekzti, Htdbidh op, i. 674 ) 

WITROTOXiVYBAKIDE. See ToLUTLiMiDB. 
sriTROTOBtrYDIC ACID. See XoBUTUo Acid. 
mxROTVROSm'B. See Tybosihe. 


B'XXROVAI.BBIAN'IC ACID. See Yxlebunio AciD. 
IfXTROVBBATRIC ACID. See VEEiTRlO Aoro. 


KTIXROVEBAXROD. See Vbrateol. 


WIXROXAlH'jri.BNB. See Amteenb (i. 208 ). 

WITROXAlW-sriiBlIE, KTITROXTSVIiDHIDE OP. The name given hy 
Guthrie to the compound C'“II‘“S(NO'-)*, produced hy heating disulphochloride of 
amylene (i. 209) witli strong nitric acid. A violent action then takes place, the disul- 
phoehloride being partly converted into sulphuric, hydrochloric, and oxalic acid, together 
with a conjugated sulphuric acid, not yet exammed, partly into the compound 
C'‘’E'“S(NO')L which distils over as a heavy green liquid, insoluble in water, and may 
be obtained pure by washing and drying It is soluble in alcohol and ether, and 
appears to be very easdy decomposed by sulphide of ammonium. (Guthrie, Ohem. 
Soo Qu J. XIV, 138.) 

KTITROXIH or ifiXROXVi.. Syn. with Nitevi. 

HITROXVBEXiTZOlC ACID. See OxTBENZOlC Aoin. 

JIIXBOXYI.BWB or K'lXROX'S’I.OX.. See Xtujnb. 


B'lTROXYB-FIFERIDIN'B. The name given by Wertheim to the compound, 
C‘Ii'“(NO)N, more properly called Nitroao-jnpcridim (See Pipeeidinb ) 

IiriTROXVWAPKXHAl.Ic ACID. O’WNO* = 0'»H"(N0')0 ? (Dnsart, 
Compt. rend. lii. 1183 ; KiSp Chim pure, 1861, p 316, Jahresb. 1861, p. 644.) — An 
aeid produced by the oxidation of nitronaphtbalene When a mixture of 1 pt. nitro- 
naphtlialene, 1 pt, caustie potash, and 2 pts. slaked lime is heated to 140° in a 
tubulated retort, thi’ough winch a current of air or oxygen is slowly passed, the gas 
is absorbed, the mixture turns yellow, and the oxidation la nearly completed in ten 
or twelve hours. Water extracts from the product a reddish-yellow potassmm-salt 
possessing great colouring power, and acids added to the solution throw dawn a thick 
yellow magma of nitroxynaphthahc acid, which maybe purified by washing with water. 

Nitroxynaphthalic acid dissolves easily in water, ahohol, wood-spirit, and aeetio acid, 
and crystaUises from the latter on cooling in needle shaped crystals of a fine golden 
yellow colour It baa a cooling taste with bitter after- ta-ste. It melts at about 100°, 
and 13 not volatile. It is a weak acid, forming with the alkalw, strongly coloured, 
very soluble, crystallisable salts, the solutions of which form colound precipitates 
with metallic salts. It unites with acid aulphaie of potassium, forming a colourless 


gait. 

Busart assigns to nitroxynaphthalic acid 


the formula HO, and to its 
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salts tlie fomula C^RHlilO*)OJiIO, that is to say he regards the acid as differing ftom 
nitronaphthalene hy the addition of 1 at. water iJSO'), and 1 at, 0, or hy 1 at H0‘, As 
such a constitution IS eontraiy to all analogy, wnrtz (E4p. Chun pure, 1861, p 316) 
siiggesta that the acid may he formed from nitronaphthalene, either by addition of 2 at. 
EO; malang the formula CPS‘{NO')0‘ or C‘»H”(NO0O, or else by addition of 2 at. 
Ii0‘ or HO to 2 at. nitronaphthalene, which wonld give the formula = 

C=“n'“(H0^)=0^ 

Nitroxynaphthohc acid becomes hented in contact with sidphunc acid, and eliminates 
sulphurous anhydiude It is strongly attacked by mtric acid, yielding oxalic acid and 
a resin which hv prolonged action is converted mto phthalic acid By reducing agents 
It IS converted into oxynaphthylamine, a weak base to which Dnsart assigns the 
formula CmmCP. It is more probably either C'»H‘'NO^ or 

IfflTRUIK. This name is or has been apphed to several salts of nitric acid and 
products derived from them, e g.. Nitnm antimmdatim. an obsolete pharmaceutical 
preparation consisting chiefly of nitrite of potassium mixed with nitrate and sulphate 
of potassium, obtained as a byo-produet m the preparation of washed oxide of antimony 
(antmmmm diaphorciicum ablutuw), hy igniting sulphide of antimony with saltpetre 
and washing the product with water . — Ritrum aubicmn : nitrate of sodium . — Nitrum 
fuum. nitrate of potassium; also carbonate of potassium obtained hy deflagrating salt- 
petre with charcoal — Ritrwm fiammans nitrate of ammonium , — NUrutn tabulatum 
or fused saltpetre (p. 101). 

MrXTRYIi. Nitric peroxide in oomhmation (see page I'l) 


ironiEli'CIiAXimxi. Chemical nomenolatiiie is the spoken langua^ of 
chemistry, as the Sjnihoho Notation is the written language of the science. Being 
thus at once the product and the instrument of thought upon ehemioiil subjects, it has 
necessarily, at every period in the history of the science, reflected the general intellec- 
tui character of the time, as well as the stage of development which chemistry had 
reached. Thus the early and deeply rooted belief that the heavenly bodies exercised a 
du’ect influence on all terrestrial affairs, gave nse, among the early cultivators of 
physical science, to the idea that they severally determined the chaiucters and properties 
of the different metals , and this idea recorded itsoU in the language of chemistry hy 
such names as Sol for gold, Zuna or Ihana for .silver, Mercury for qniekMlver, Juyitcr 
for till, Mara for iron, Venus for copper, and Saturn for lead. Traces of tins nomen- 
clature still remain in expressions not yet gone quite out of use ; as Lunar caustic, arbor 


itupossihle to say upon what principles it was founded — if, indeed, it was based upon 
any general principles at all — or what ideas it was meant to convey In the language 
of Lavoisier, speaking of the alchemists — “ II leui aurait difficile de transmettre L 
leurs leeteurs ce qn’ils n’avaient p.is eux-m&mes, des id4os justes et vraies. Do plus 
leuv objet n’Atait pas toujoiirs de se fame entendre. Ds so servaient d’un langage baig- 
inatique qui leur itait particulier, qui, lo plus souvent, prisentait iin sens pour les 
adeptes, un autre sens pourle vulgaire, ct qui n'avalt nen d’exact et de clair m pour 
los iins, ni pour les autres, C’est ainsi que I’huile, le meroure, I’eau eUe-mtoe des phi- 
losophes n'k.iient m I’huile, m le meroure, ni I'eau dane le sens que nous y attaohons. 
Vhomo galcatus, Thomme armi, d&ign.iit une oucurbite garmo de eon chnpiteau , la tfite 
do mort, nn ehapiteau d’alemhic , le pelican eiprimait uu vaisseau distiUatoire , le caput 
mortuum, la teiro dainn^e, signiflait le risidu d'une distillation ” At a later period, ideas 
of a more material order inspired the language of our aeienoe, and slight resemblances 
in some external character between certain chemical products and common articles of 
household hfo, gave rise to such namea as <nl of vitriol, oil of tartar hy dehqueseence, 
cream of tartar, mil, of hme, butter of antimony, sugar of lead, liver of sulphur ; — 
names which surely justified Dumas in saying “Les chimistos semblaient avoir empruntd , 
le langage des cmsmiSres.’’ But the uiappropnate character of the names of indi- 
vidual aibstances was not the only defect of diemieal nomeiichiture m early times • 
another great fault was the multipUcity of names borne by a single substance. Thus, 
for example, the body now known as sulphate of potassium was called vitriol of potash, 
vitnolued tartar, vitrioUsed raiie, sal de duobus, arcanum duplicatum, sal diiplinatum, 
panacea dupheata, sal polyehrestum Glaubeii; and carbonate of potassium was 
fired salt of tartar, fixed vegetable alJeaZ, aerated fixed vegetable alkali, chalky tartar 
(tartro crayenx), mephtic tartar, mtrum fixum per se, Mkahest of Vanhelmont, dealt 

According to Lavoisier, the merit of having made the first attempt towards the 
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introduction of a nomenclature based upon truly eheimcal principles, is cWefly due to 
Macquer and Baum 4 “C'esta eurc qu’on doit principalement d’aTOir design^ les 
selb m4talliques par le nom. de I’acide etdu iu6tal qui entrant dans Iciir composition , 
d’ avoir clafcs4 sous le nom de mtnoh tons les sels resultants de la dissolution d’une snti- 
st.inco initalliquo flans I’acide vitriolique ; sous le nom de mires tons les sels dans 
Icsqufils entrn I’acide nitreux ” [nitric acid] A further adyunce towards a systematic 
nomenclatuie was made by Bergman m his SeiagrapMa rrgni minerahs, first puh- 
lislied in the Upsal Transactions, and issued separately ui 1782 (the edition that has 
been consulted is dated London, 1783), and in his Themghts on aNatural System, of Fossils 
published at about the aanie time. This work has been consulted in “Essays Physical 
and Chemical, by Sir Torbern Bergm<ui,” Edinb. 1791 In the former work, names 
made up of a noun-substoiitive to indicate the base, and an iicl]eetive denoting the acid, 
are given to the salts of the alkalis, earths, and metals. The following is a specimen 
of this nomenclature . — • 


Sulphate of Potassium 
Nitrate „ 

Chloride „ 

Carbonate „ 

Sulphate of Sodium 
Nitrate „ 

Chloride „ 

Carbonate „ 


Mkah wgetahle vdriolatum. 
Alkali vegetdbile nitratum. 
Alkali mgetahile sahtum. 
Alkali vcgetalnlo aetaium. 
Alkali minerals vitnolatum. 
Alkali minerals mlraitm. 
Alkali mincrak sahtum. 
Alkali sianorals asratum. 


The earths being distinguished as ferra jionderosa, cola:, magnesia, argUla, and terra 
ilicca, the names of them salts were formed in the same way as those of the salts of 
the alkabs , as, terra ponderosa viii-iolata, calxfluorata, magnesia (uiata. The metal- 
lic salts also were named in the same manner, eg.ferrum mtriolatum, fei rum a4i atam, 
fern urn mtratim, femm sahtum, sincum •aitnolatum, &c. In the second of the works 
mentioned above, the latter part of which specially treats “Of giving Names to Fossils," 
Bergman suggested a still more systematic nomenclatuie In the first place, ho pro- 
posed to designate aU metals by names ending in -urn, and accordingly replaced the 
flatina of the Spaniards hj platinum. The acids he denoted by adjectival substantives, 
as follows — vitnohoum (sulphimc), sulphureum (sulphurous), mirosum (nitric), ni- 
treum (nitrous), muriutioum, regahnum,jluoratum, arsentoale, boracinum, sacchannum, 
oaahnum, tartarum, pliosplioreum, formicale, aereum,&ic — amdifm being in each ease 
understood By adding to the names of the acids ai^ectives formed from those of the 
Bever.il bases, he obtained names for tho neutral salts ; us, for example, mtnoheum 
potassmatum, vitriolioum' natratum, muriaticum ammoniacum, mtrosuni barytatum, 
munatiovm barytatum, mtrosum argentatum, arsenieale cohaltatum He even went so 
far as to point out how salts formed by the combination of the sailie acid and bimc in 
venous proportions might be distinguished: thus — “Tartar, with an excess of acid, 
can be (defined by a combination of its generic name with the genitive of its base, as 
turiarsum potassim , but, when perfectly saturated, may be called tartareum po- 
iasstnatum In like manner we shall have oxalinum potassim, but, when exactly 
saturated, it win be oaahnum potassmatum, ritnoliemn natn, and mtnoheum naira- 
tum; natrum boraoini [boraeimm natn<'}, oxA boraoimm natratum, and so on of 
others.” "Wo have in tins passage probably the first instance of the systematic employ- 
ment of the method which has been used to so great an extent, and with so much 
advantage in modern chemical nomenclature — ^thnt, ilamely, of employing definite 
inflections or changes of termination to express definite differences of composition 
About the same ^tiino that these reforms were proposed by Bergman, a similar 
attempt was made ui France by Q-nyton de Moivean The suggestions of the 
French chemist wore first published in the Journal de PAysipaeforMay, 1782, and were 
known to B orgman when he published his later system; for he expressly states that 
ho adopts the terms barites in place of terra ponderosa from de Morvean, hut he at the 
same time asserts, by implication, the independent character of his own nomenclature, 
by expressing his satisfaction at tho agreement he finds between many of de Morveau’s 
proposed reforms and bis own TheiespectM terms in which each author speaks of 
the other, forbid ns to think that either was in any dcgiee chargeable with plagiarism , 
but tbs following specimen of de Morvean’ s nomenclature (quoted by Diinlas m 
his Lemons de Philosophe Ohimigue, p 228), will show that it (iosely resembled Berg- 
man’s, not only in the principles of its formation and its range of application, hut also in 
severiil of the individual names adopted. 
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B^ecimen of Guyton ds Morveau'a system of Chemical Nomendalurt. 


Vitriolique 
Nitrpux . 
Ai'sfeieal . 
Boraein . 
Huoriquo 

Oxahqua . 
S4bac4 . 


Vjtriola 

Nitres 

Arsiniates 

Citrates 

Oiultes 

Sebates 


Phlogistiqua 

Calce 

Baryte 

Or 

Argent 

Pktme 

Mercnre 

Esprit de vin. 


Although de HorTeaii’ssiiggestioiis do not appear to hare produced any immediate 
effect of importance, the attentaon which he succeeded in ealluig to the subject resulted 
soon afterwards in the publication of a much more complete and more successful plan 
of reform This system of nomenclature — the joint production of Lavoisier, de 
Morveau, Berthollet, andEonreroy — was published in 1787, under the title " Mkhode 
de Nommolaiui e O/amigve, proposes par MM. de Morveau, Lavoisier, Beriholct, et de 
Fouroroy,” (Paris, 1787, 8to ), and still continues the foundation of the lan- 
guage which, with many tariations in minor points, is employed by all chemists at 
the present day. It was based upon the fundamental propositions that all substances 
which cannot be decomposed must be regarded, provisionall;^ at least, p simple ; and 
that the names of compound bodies ought to indicate the simple bodies which they 
contam, and also, as far as possible, their relative proportions. Thus the compounds 
of oangsne were subdivided into oxides and actdes, and these latter were again dis- 
tinguished by specific names ending in -eux or -iqus respectively, according as they 
contained less or more oxygen : for example, oxide S arsenic, acide arsinigue, oxide 
nitreux, acide niireux, aciao nitrigue; acide sulfineux, acide sulfunguc "When, 
however, several compounds of the same elements in diflferent proportions were known, 
it was found impracticable to carry out the second fundamental rule to its ftU extent, 
and in such cases, as for instance in the case of the organic acids, aibitrnry names weie 
adopted, which recalled the derivation of the substances to which they were applied, 
and were similai in form to the names formed more strictly according to rule. Tims, 
for example, came such names as acide succinique, aoide malique, acide iartareux, die 
The very important rule according to which the names of metallic and other salts are 
formed from the names of the corresponding acids — the former being made, to end in 
•ite or -ate respectively when the latter ended in -stu; or -igue — was also now intro- 
duced for the first time. The nomenclature of this class of bodies thus became very 
nearly what it Is at present, as will appear from a few examples — sudfate d’alumine, 
ex sulfate alummeux, ratntedarim,imiagut,atntinteammanxacal, nitrate d’ amnianiaqpe 
or nitrate ammontaoal; carbonate barytique, or carbonate de baryte, phosphate de 
souie, &e dec. 

Ths mineral acids, oxides, and neutral s.alts being almost the only chemical sub- 
stances which had been much studied at the time of which we are speaking, it is no 
reproach to the nomenclature of Lavoisier and de Morveau to say that in its original 
form it was not applicable to many compound bodies besides these ; hut the fact that 
so much of their system is still retained, and that our present nomenclature has 
resulted from it by a process of development, rather than of organic change, is a 
striking proof how well they succeeded in their professed object of doviaing “ une 
mdthode rle nommer, plutot qu’une nomenclature.” 

It IS obvious from what has been said that Lavoisier’s nomenclature was an em- 
bodiment of the antiphlogistic doerrines in chemistry, and accordingly we find that the 
history of its spread and adoption is, in the main, the history of the advance of these 
doctrines. It naturally came into general use earlier m Eranee than elsewhere, but 
sccoi-ding to 'S.opp (Gcschchte, ii. 418), it was adopted by Black and ottier leading 
English chemists almost from the first * The Systime da Nomenclature was translated 
into English by Pearson, the translation reaching a second edition in 1799 In 
1802 Chanevix published a work, ably advocating its adoption, and one of the 
earliestimportantimprovements which it received was due to Dr. Thomas Thomson, 
who in 1804 introduced the temoB protoxide, deutoxide, peroxide, &e., to distinguish the 
different degrees of oxidation of the same metal. Ths new nomenclature was translated 
into German by Girrtanuer,in 1791, under the idd&Nme ohemische Nommclatur ffer 
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tho compounds of cMorine wth hydrogen, potassium and silver, respectively, are 
called hydriQ chloride or chloride of hydrogen, potassic chloride or 
chloride of potassium, and argentic chloride or chloride of silver. When 
the relative electro-chemical characters of the constituents of a hinary-compound are 
■nell marked, the most eleetro-neptiva of the two is always taken as the one which 
shall supply the generic name, while the speeiflc designation is derived from the more 
electro-positive constituent, as in the foregoing examples When there is no very dis- 
tinct difference m the positions of the two constituents in the electro-chemical series, 
the generic or specific name may ho formed from either of them indifferently , thus, we 
may say either carbide of hydrogen or hydride of carbon. 

If the same two elements combine m more than one proportion, the compound into 
•which they enter in the ratio directly indicated by their respective combining eapacities 
(Cx-issirioATiow, 1 1011) is generalljr named in accordance with the above rules , the 
modes of distinguishing oompoimds in other proportions will he seen by the following 
examples ' — 

ffO ■= hydrio oxide, or oxide of hydrogen, 

HW = hydrio dioxide, or dioxide of hydrogen; 

CuCl* = ouprio chloride, or chloride of copper, 

Cu'Ol’ = cuprous chloride, or dicuprie chloride, or (if regarded as 
CuOl ^ I otiprio hemiohloride, or homiohloride 

of copper, or suhchloride of copper; 

CuO = cupric oxide, or oxide of copper, 

Ou-0 ,= cuprous oxide, ordiouprie oxide, &o. ; 

FeO =■ ferrous oxide, or protoxide of iron, 

Fe’O’ =■ ferric oxide, or se'sguioiide of iron; 

HnO >= manganous oxide, or protoxide of ufanganeso, 

MnW = manganic oxide, or sesquioxide of manganese, 

Mn''0* t= manganoBO-manganio oxide, 

MnO® = manganic dioxide, or dioxide of manganese, or manganic 
peroxide, or peroxide of manganese 
It -will he seen that in the ease of iron and manganese, the simple names ferno oxide 
and manqamo oxide are not given to compounds whoso composition bears the most 
du’ect relation to the atomicity of these metals, and many other instimcoa of the same 
kind might ho adduced The reason of this is that the nomenclature of these com- 
pounds was fixed long before the rules of atomicity had been discovered ; the term^ 
ferrous and feme, manganous and manganic, and the like, h.iving been employed at 
first merely to denote two distinct senes of compounds formed by the same elements in 
different proportion s, hut without any reference to the absolute propoi lion of the elements 
in the oumpouuds of either senes. 

The nomenclature of chemistry still hears traces of the time ■when tho combinations 
of oxygen were considered as altogether transcending in importance those of any other 
element. Accordingly the terms protoxide and seaqxaoxide hamiig been introduced to 
denote oxides ■whose atomic composition was expressed by the ratios 1 1 and 2 . 3 

respectively, the analogous tems protoolilonde and aesgmchlonde are .ipplied to the 
oorreepuiiding chlonne- compounds, although m their case the* above ratios become 1 2 
and 2 • 6, f g, FeCF = protochloride of iron, Fe’Gl" = sesquiehlorido of 
iron Sometimes, however, the term protoxide is used to denote the hist, or lowest, 
oxide of a metfil ■whatever its atomic composition may he ; thus, tor instance, cuprous 
oxide, Cu“0, is sometimes called protoxide of copper, especially m the writings of 
French chemists, and tho other compounds of the metal receive correspondmg names , 
e g cupric oxide, CuO, becomes deutoxide of copper. Such names as these are not 
however to he recommended, since the discoveiy of a new oxide of any metal might at 
anytime throw tho nomenclature of its compounds into confusion 
Formerly a distinction ■was made, at least by some chemists, between the Creek and 
Latin numerals when used as prefixes, the former being employed to denote sub-mul- 
tiples and the latter multiples of the quantity of the electronegative element contained 
in the compound whose atomic ratio was 1 ; 1 Thus, cuprous oxide, Otf 0, was called 
dioxide of copper, and manganic peroxide, MnO^ was called Mnoxide of manganese 
Such prefixes, whether derived from the Greek or Latin, are employed in this work 
only in the sense of multiples of those constituents to -whose names they are attached, 
thus, hydne dioxide, is an oxide conlainhig twice as much oxygen as hydiie 
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oxide, ffO ; bvLt'diimpvic oxide, Gu*0,ib rb oxide containing twice ns much copper ns 
cupno oxide, CuO. Terms derived from eitlier language may sometimes be used indis- 
criminately, but in general the preference is given to the Greek prefixes di-, tn-, tetr-, &c. 

The restriction of the terms tubomde and perounde to oxides whoso composition 
did not coiTespond to that of a series of salts has now become nearly obsolete 

Those oxides, which by reacting with the basylous oxides are capabla of producing 
salts, are commonly called anhydrides {quasi anhydrous acids).— for instance, SO' 
= svdphmous anhydi ide, SO’ = sulphuric anhydride, Cl'O = hypochloi ous anhydnde, 
Cl'O’ ■= chlorous anhydride, Ol’O" = chloric anhydride, Cl'O' = perchloric anhydnde, 
&c., and Gerhardt proposed to extend the same principle of nomenclature ' to the 
corresponding compoiinda of other elements • thns he called P'0* phosphoric anhydride, 
and P'S* and PCI* phosphoric sidphanhydnde and phosphono cUoranhydnds respec- 
tively. Such names as these last have not bean extensively adopted, and it would 
probably be a greater advantage to get rid of the term anhydride altogeOier than to 
generalise its use in this way The longest series of oxides may he easily named in the 
manner indicated above (p. 123) without employing the word anhydride at all . iis Gl'O, 
chloric oxide , Ol’O', chloric dioxide ; Cl'O", chloric tnoxide , Cl'O*, cUorio tetroxide , 
Cl'O*, chloric pentoxide, fine. Names like perchloric oxide for Cl'O* and permtrk oxide 
for N'O* are improper , if the prefix per- is preferred to the more definite numerionl pre- 
fix tetr-, the oorapouilds should be called chloric peroxide and nitric peroxide respec- 
tively ; and so for other similar bodies. 

As well as the strictly systematic names which we have hitherto been discussing, 
many binary compounds possess other names which must be regarded as, to some ex- 
tent, exceptions to the general rules of nomenclature. This is the case particularly 
with the compounds of hydrogen : thus hydrlo fluoride, chloride, bromide, iodide, and 
sulphide are also called hydrofluoric acid, hydrochloric acid, hydrohromio acid, 
liydriodio acid, and aulphydno acid respectively. Names such as water and ammonia, 
which have no reference to chemical composition, wo have not now to consider 

As has been pointed out in previous articles (OtAssiPiOATioN, i 1016 | EaurvALENTS, 
11 . 492 , EonMDijE, n. 696), the simplest compounds arc those in which the oombiiiiiig 
capacities of the elements are generally most distinctly inanifosted, nnd consequently 
such eompounda serve as standards of comparison or types for others of much more 
complex composition. Tn a rational nomenclature, therefore, the name of eiioli com- 
pound would, like Its rational formula, express the relation m which it stands to some 
particnlar standard ortypical compound Accordingly, when the uomenolaf nro of the pri- 
mary types chloride, oxide, nitride, &c.,i3 given, the nomenclature of all their iminediuto 
derivatives is easily obtained The examples already given will suffice to illustrate 
this in the simplest esses ; the polyatomic elements however frequently form ofimpouiids 
referable to mulliple or mixed types, the nomenclature of which requires a litl lo further 
explanation. It will be sufficient however to give the names of the most important 
multiple and mixed types, with a few examples of the nomenclature of individunl 
compounds 

The names of the multiple types are formed from those of the simple types by pre- 
fixing the syllables di-, in-, tetr-, &c. . thus, the simple types chloride HOI, oxide 
E'O, and nitride (or amide) H*N, give the multiple types^^dicliloride H*C1“, tri- 
olilorida H’C1“ &e., dioxide n'O*, tnoxide H’O’ &e., dinitrido (or diamide) 
H*N*, trim t ride (or trimnide) H"N”, &c. No very fixed system lias yet been adopted 
ior the nomenolutnro of the mixed types, but they may be very simply named and 
with scarcely any departure from eatahlished usage, as follows: = chi or o- 

bromide, = dichloro-bromide, - chloro-dibromide, dec. ; 

H'O I ~ oxi-diohloride, =. dioxi-ehlorido, 

HW I = trio^-iictloride, &c,; = ehloro-nitride, 2=^1 "" diol'loro- 

niiride, = ehloro-dinitride, &c.; | = oxi-nitride, = dioxi- 

nitride, = oii-dinitride, &e.; ^ !i--.oxi.chloro-nitride,&o. Tbe 

iwm^hydoramideoxhydoTamineh.Bsh6e-a. suggested by KefcuU for the mixed type 
jjsjf f ’ has been employed in several places in this work. 

&om the names of types, the names of particnlar compounds are obtained bv 
prefixing to them adjectives which express the nature of the element by which 
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the Iiydrogen of the type is replaced and the number of atoms of it contained 
in one molecule of the compound. Examples PtCP i=> platinic dichlo- 
ride, Pb'O® = diplumbio trioxide, PbW = triplumbic tetroxide, 
diplumbo-dihydrie trioxide, ^ = triplumbo-dihydrio 

tetroxide, E i|q^ = biamuthic oxi- chloride, Pb’J® = diplumbicoxi-di- 
chloride, PvIq^* = triplumbic dioxi-dichloride, Hg’ «= trimercuric 
dioxi-dichlonde, => mercuro(or hydargyro-) dihydric chloro-ni- 

tride, = tetramereuro-totrahydrio trioxi-dinitride, |o“ 

•= tetramercuro-tetrahydrio dioxi -dichloro-dinitride. 


When we are able to assume that the combining capacity of an clement is 
known, there is no need to express this in the names of its compounds, and in that 
case names foiraed as above often admit of considerable simplification. Thus it is 
sufficient to call BaCl® barytio chlonde, instead of barytic dichloride , BaH’O’ baryto- 
hydno oxtde, in,s>tead of baryto-dihydrio dioxide ; BiCF bismuihio chlonde, matesd of 
bismuthio trichloride, &c. A forliier simplification of many of the above names is 
effected by using the term hydrate for derivatives of the type H'O and its multi- 
ples m which the hydrogen is only ^tially replaced by other elements, and the term 
amine or amide for compounds derived 1^ similar partial replacement from the 
type ffN and its multiples. Por instance EHO may be called poiaesto hydrate in- 
stead of potassio-hydrio oxide ; BaH^O'* may be called ban/iic hydrate ioateai of baryte- 
hydric oxide or baryto-dihydrio dioxide BiH’O’ may be called bismvthic hydrate 
instead of bisniutho-trihydrie trioxide ; Po’'H“0“ m^ be called ferrio hydrate instead 
of difemco-hexhydrio hexoxide, &o. Similarly, KH=N may be called potasaamine, 
instead of potassio-dihydrio nitride ; E-IIN may be called dipotassamme, instead of 
dipotassio-hydrio nitride, &o The use of the terms phosphamine, arsenamine and 
stibamine for the respective compounds H’P,H’A3, and fl’Sb is improper, inasmuch 
as the termination -amine (derived from ammonia) ought to be reserved for the oora- 
pounds of nitrogen, the characteristic element of ammonia ; they moreover completely 
violate the analogy of such names as those last spoken of, for if potassamine and 
merouranune arc compounds derived from ammonia by the substitution of potassium 
and mercury for hydrogen, phosphamine, arsenamine and stihamiiie ought to be bodies 
similarly derived by the substitution of phosphorus, arsenic and antimony for 
hydrogen. H*P, H^As, and H’Sb ought to he called either hydno phosphide, hydric 
arsenide, and hydno siibide, or phosphine, arsine, and stibine. 

The rules followed for the nomenclature of the oxygen-salts are essentially the 
same as for the compounds we have been hitherto considering, except that instead of 
the termination -ids we have the tonmnationB -ate and -ite. When an element forms 
only one class of salts, the name of the class is formed from that of the element itself 
by means of the termination -ate. When an element forms two classes of salts the 
generic name of those which contain most oxygen is usually formed in the manner 
just described, and the generic name of those containing less oxygon is similar but 
ends m -lie instead of m -ate If the same element forms wore than two classess of 
salts, the prefixes hypo- and per- are employed as further means of distinction, or 
occasionally some special system of nomenclature is adopted The following examples 
will illustrate the application of these rules to particular cases ; 


KNO» 

AgNO’ 

KUO’ 

AgNO’ 

Ba(NO“)= 

KCIO 

KCIO’ 

KC10» 

KC10< 

E'SO’ 


Potassio nitrite or Nitrite of potassium. 

Argentic nitrite or Nitrite of silver. 

Potassic nitrate or Nitrate of potassium. 

Argentic nitrate or Nitrate of silver. 

Barytic nitrate or Nitrate of barium. 

Potassio hypochlorite or Hypochlorite of potassium. 
Potassio chlorite or Ohlorito of potassium. 

Potassio chlorate or Chlorate of potassium. 

Potassic perchlorate or Perchlorate of potassium. 
Potassio hyposulphite or Hyposulphite of potassium. 
Potassic sulphite or Sulphite of potassium. 
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Potaasic liypoBulphate or Hyposulphate of potasainm. 
K'SO* = Potaasic sulphate or Sulphate of potassium. 

In a few oases, names formed in the same manner as these are given to salts which 
ddfer otherwise than in the mere proportion of oxygen that they eonluin. for 
instance — 

3iH^P0= = Potaasic hypophosphite or Hypophosphito of potassium. 
K^HPO® = PotasBic phosphite or Phosphite of potassium, 

K'PO* =■ Potasaic phosphate or Phosphate of potassium 
These three classes of salts differ, as will ho observed, m respect to the quantity of 
hydrogen as well as of oxygen which they contain The explanation of the anomaly 

E resented by their nomondature is to he sought for in the history of the views that 
ave been held at various times regarding them constitution. 

The nomenclature of mixed salts, that is, of salts contaiiimg more than one metal or 
more than one radide, is a little more eomphcated than that of such as precede, but it 
wiU be easily understood &om a few examples -eg — 

EHSO* = Hydi'O-potassic sulphate orSulphatc of hydrogen and 

potassium. 

KAI(SO*)’ = Alumino-potassie sulphate, or Sul;phate of aluminium 
and potassium. (In the name of tins salt jt is not needful 
to specify tliat it contains fiwra the group SO-*, tins being already 
imphed when it is stated that each molecule contains an atom 
of potassium and an atom of aluminium, the sum of whose atomi- 
cities is /owr = twice the atomicity of the group SO^ ' A similar 
remark applies m a great many other cases ) 

A1’(S0‘)0’ = Alumiiuo sulphato-dioxide.* 

Pe’(S0')»O = Porno disulphato-oxide.» 

PbH(N0“)O = Hvdio-plnmbio nitrato-oxido,* or Plnmhio 

nydrnto-nitrate. 

BiII''(N0®)0® = Dihydro-hismuthio nitrato-dioxide.* 

Ea(0-HW)(N0*) = Barytio aoetato-nitrate or nitrato-aoetate. 
Pb(C=H'*0*)Cl = Plumbic acetato-chloride.* 

' The systematio names of the hydrogen-salts are of course similar to those of the 
corresponding salts of other metals , these names, however, are net very commonly 
used ; it is mors usual to speak of the hydrogen-salts as aoxis. Thus, for example, 
UNO® is more fiiequently called nitric acid than hydrio nitrate, H®SO® more 
frequently sulphuric acid than hydno sulphate, &o. With regard to the 
nomenclature of the aoids, the following rules are observed . if the systematic name of 
a hydrogen-salt is hydno — ate, its common name is — io aoid , and if its systematio 
name is hydno — ^te, its common name is — ous aoid examples — ' 

Sj-atPimitlc names. Common names. 

Hydno hypoehlonte. Hypoohlorous acid. 

Hydtic ohlonto Chlorous acid. 

Hydric chlorate , Chloric acid. 

Hydric perchlorate Perelilorio uoid. 


Similarly, mixed suits of hydrogen and aw ether metal are frequently called and 
saiU. e. hydro-potassic sulphate, KHSO*, is often called aoid sulphate of 
potassium, aaddihydro-potassiophoaphate, KH®PO*, is often caUeddiaoid 
phosphateof potassium. On the other hand, mixed salts formed by the union of 
the type oxide with the type of any simple salt, whether contammg hydrogen or not, 
are often called basic salts, e g,, plumbic dloxi-dinitrate, Pb”(N0®)“0% and 
plumbic hydrato-mtrate are each of them called basic nitrate of lead, in like 
manner, ferae oxi-disulphate, Pe’0(S0*)®, and ferric dioxi-a ulphate, Pe=0®(S0‘) 
are caOed basic feme sulphates, or basic sulphates of iron Such names as 
these are often oonvement when speaking of certain well-known compounds, but for 
scientiflo purposes they are better avoided 

When a metal forms two series of oxygen-salts of the same generic name, the salts 
of the two series are distinguished in the same manner as the various oxides, ohiorides, 
&c, of the motal Thus we speak of mercurous nitrate and ra ercurons sul- 
phate, mercurie nitrate and mercuric sulphate; ferrous sulphate or 


* strictly speaking, I 
dimsuip/iate, /mio o 
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protosulpliate of iron and ferric sulphate or sesquisulphato of iron, 

Osygeu-salta being in reality merely a particular class of oxides, there are of course 
corresponding olilondes, nitrides, &e., of the same radicles. The nomendatiire of those 
compounds has norer hitherto assumed a very fixed or systematic form, radicles sup- 
posed to be contained in the various classes of salts having been named, one by one, 
.according to no general system, by the investigators of the compounds of each. Tluis 
the radicle PO supposed to be contained in the phosphates is called phosphorj/l , but 
the radicles of the phosphites and hypophosphites have no recognised names , the 
radicle SO- of the sulphates is called mlphuryl , and the radicle SO of the sulphites 
is called thionyl , again, the radicle NO* ef the nitrates is called nitryl, and the radicle 
NO (monatomic) of the nitrites is called nitrosyl or aaotyl. Prom these examples it 
■wiU be seen that there is no certain rule by which the name of a class of salts being 
given, that of the radicle, supposed upon the theory of types to ho contained in them, 
can be deduced. In these circumstances we may venture to suggest the following 
rule as applicable to such eases . to form the name of the radicle of any class of salts, 
suhstiiuU tlie ternanation -ylfor the final e ra the geneno name of tlie salts tn qvtcstum. 
According to this rule we should have such names as the following : 

Names of Salts. Names of Radicles required by typical formula;. 

Phosphates. Phosphatyl. 

Phosphites. Phosnhityl. 

Sulphates. Sulphatyl. 

Sulphites. Sulphityl. 

Nitrates. Nitratyl. 

Nitrites Nitrityl. 


When the termination Ao is added to the name of a radicle in order to form the name 
of a compound oontaming it, the syUahle yl may generally he ehded : thus — 

POOP -• Phoaphatio chloride or Chloride of phosphatyl. 

SO*OP => Sulphatio chloride or Chloride of sulphatyl. 

SOCl*' = Sulphitio chloride or Chloride of sulphityl. 

Hydro-sulphatio oiiohloride or Sulphatio ohloro-hydrate 


The nomenclature of the compounds formed when oxygenated radicles replace hy- 
drogen in the type H'N or its multiples, or in the mixed type regard to 

which special rules are followed to some extent, will be foimd fully set forth in the 
articles Anno Aonis (i 166) and Auibbs (i. 169). 

Compounds containing two or more atoms of the same polyatomic radicle in one 
molecule, and resulting from the combination of two or more molecules of the simpler 
compounds of the radicles, as explained in the article Olassiiioation (i. 1020 — 1022), 
may bo distinguished by prefixing to the names of the simplest corresponding com- 
pounds the syUables ii-, tn-, &c • for example — 

K*S-'C' =. Potassio disulphate. 

K*Cr*C* = Potassic dichromate. 

Na'‘P*C’' = Tetrasodio diphosphate (Pyrophosphate of sodium). 

Na*P*0“ = Disodio diphosphate (Insoluble metaphosphate). 

Na“P“0“ = Trisodiotriphosphato (Pleitmann an d Henneherg’s metaphosphate.) 

The so-called sulphur-salts which represent oxygen-salts wherein the o.xygon is re- 
placed to a greater or less extent by sulphur, may be named in precisely the same way 
as the corresponding oxygen-salts by prefixing anlpho- to the names of the latter, and 
also, when needful, a numerical prefix to indicate the extent to which the replacement 
has proceeded. 

NoMBNonATtroE OF CiioANio Benins. 

In organic chemistry we have to do with many hundreds of substances formed of the 
same three or four elements. It would therefore ho an utterly hopeless task to try to 
flame for each substance a n.ame like those of inorganic compounds, which, if they do 
not directly express the composition of the bodies to which they are applied, have at 
least a definite relation thereto A classification of organic bodies with reference to 
their composition idone, would he far from aifordmg an adequate expression of their 
nature and mutual relations hence a systematic nomenclature for them can bo founded 
only on a classification which takes cognisance of other chiuracfrrs in addition to mere 
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leatiou must be founded, first of all, upon tie fact that 


ds, we have to classify hydrocarbons, ethers, salts, amides, alkaloids, i 
numerous other dorivatiTcs. 

Taking the alcohols as representing also the corresmnding ethers and amines i 
their other immediate deriTOtives, and the hydrogen-salts or acids to stand for all ot 
salts of the same name with their denvatiTes, the leading terms of the several gro 
belonging to each homologous senes may be arranged as in the following table , whi 
for the sake of clearness, the formulae of compounds belonging to a particular gre 
the tritylio, are given (instead of general formulae applicable to any group whatev 
but in order to fll up the scheme, such terms as are nob known in this ^'oup are 
presented hy osamples borrowed from other analogous groups * 



Ajocoiiols, 

Mon- 1 
atomic. J 

C»H'0 

Tritylio alcohol. 

Di- -1 
atomic. J 

C«HBO‘ 
Tritylio glycol 

Tri- 5 
atomic ) 

C>H»0> 

Glyccrm. 

Tetr- 1 
atomic. J 

C!»H"0< 

(C*H>»0*-ery- 

thromannite). 


C"H“0‘ G«H<0 

(C’H“0‘=gallic (a'H*0» = 
acid). tario aci 
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what group it bololigs and what is its place m that group This then is the infor- 
mation which it is required that the names of a really systematio and rational nomen- 
clature should give us, concerning the substances to which they are apphed • and it 
would seem by no means impossible to form names which should eompletely satisfy, 
these requirements, by making the root of each name denote the group, and the ter- 
minatiun or a second word denote the fnnotion. Such a nomenclature would correspond 
precisely with the typical system of rational formulse ; for, as has been shown in other 
articles (CEassir'iCi-TiON, 1 . 1022 , FoBMxnnB, li. 700), these formulse express by means of 
radicles the group or genetic lelations of the substances they represent, and by means 
of types their ohemical functions, Or, again, such a nomendatnre wonld correspond 
with the binomial nomenclature of the natural-history sciences, according to which 
each animal or plant is distinguished by means of two Latin words, one indicating its 
genus, the other its spedes An attempt at a systematie nomenelatnrs for organic 
compounds based on these pnnerales is eontained in the jiaper referred to m the last 
foot-note ; which, though not auffieiently successftil to mafio it worth while to reprodnee 
it here, we allude to, because we are convineed that it is ill this direction, if at all, 
that a rational nomenclature is to he reached 

The existing nomenclature of organic chemistiy fulfils to a considarable extent, in a 
more or less aatisfaetoi'y manner, the reqiuremeuts of a rational nomenclatnra as these 
are indicated above ; it however stiU retains a good many habits of naming, os well as 
individual names, inherited from the early days of the science, when it was impossible 
to foresee either the direotion or the extent of its subsequent development, and hence 
possesses many terms formed without much reference to anything but the fancy of in- 
dividual chemists and their taste in the choice of euphonious words. But the greatest 
defects of this nomenclature arise from the want of unanimity among chemical discoverers 
nndsystematisers as to the manner in which, the principles, recogiusod more or less 
distinctly by all, should ho carried out. And this want of unanimity, we cannot help 
thinking, is mainly due, not to the intrinsic difficulty of the subject, so much as to the 
too paitial manner m which it is generally considered — reforms being often attempted 
in particular departments, without sufficient thought being given to the effect which 
they would have if consistently extended to the nomenomtm'e of other parts of the 
science. 

In desorihingthe nomenclature of organic ohomistry, as it at present exists, we shall 
consider first the methods employed to designate the several groups, and. then the 
modes of indicating the various chemical /iiJictione 

Nomenclature of G- roups . — By reference to the example of a chemical group 
already given on page 128, it will be seen that the names of its loading terms exhibit 
very little relation to one another, we have tnfylie alcohol and tntylio glycol, 
glycerin and glyceric acid, malonie acid and tartronio acid, but all the other names 
ii^ht have been selected completely at random. And on examining the nomenclature 
ofany other group, the state of things would he found very much the same. The fact 
IS, that throughout every department of organic chemistry tlie general course of dis- 
covery has been such that substances became known and required to bo named one by 
one, long before the relations of each to the rest could be ascertained. Hence, very 
closely related substances often bear names which exhibit no trace whatever of them 
connexion ■ as alcohol, ether, and acetic acid , propionic acid, lactic acid, and glycerin ; 
Bueoinie acid, malio acid, and tartaric acid Such names as these it wonld be veiy 
difficult to get nd of, and when they are (as in these examples) convenient in them- 
selves and universally adopted, there is no reason for wishing to do so. In fact, it often 
happens that such names are practically better than those which at first sight appear 
more systematic. Bor instance, nothing could seem more natural than to call the acid 
C*H°0< resulting from tlie oxidation of glycerin, C“H“0”, glyesnc amd, a name which 
at once recalls its connexion with the substance from which it is derived But 
according to the estahhshed usage of organic chennstry, the radicle of this acid, C’S'O, 
corresponding to its typical formula 1 0“, would be called glgeeryl, a name which 
abeady belongs to C*n*, the radicle of glycerin. We might thus have the two com- 
pounds C“H‘01’ and C'H'OC? both of them denoted by the name, chloride of ‘glyceryl, 
or glyoerylic chloride, a confusion which could not have arisen had there been less 
similarity in the names of the primary compounds Indeed it is Sy no means de- 
sbable to introduce much more regularity than at present exists into the nomenclature 
of the principal members of each group, unless some effectual system of differentiating 
each member and its derivatives, eqmvalent to what was attempted in the paper abeady. 
referred to, is adopted at the same time 

Of late years methods of naming, possessing a certain degree of generality, have come 
into partial use, for some corresponding terms of different groups Thus, the monatomic 
alcohols and one or two of their most immediate derivatives, in most of the groups of 
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the first homologous series, have names whose root is formed hy a Greek numeral: 
as tritylio, tetryhc, hexylio, heptylic, &x. alcohols , tritylene, tetrylene, hexylene, 
heptylene, &e. Another expedient which has been a good deal employed to indicate 
,the existence of a genetic connexion between different bodies, hut without defining its 
^nature, consists in makmg the nemo of one body out of an anagram of that of another: 
•as meeonic and oomenic, aeonitie and itacouic, narcotme and cotamine, lep(idino) and 
pel( amine), pelarg(onic) and loparg(yhc), salyho and lasyhc, &e. 

The system so much followed in the nomenclature of other sciences, of giving names 
in honour of discoverers or other eminent men, has not been much employed m 
chemistry, and we do not think that this forms any giound for regret. Among organic 
•compounds, dunmsin is almost the only one which bears a name of this kind: maefunn, 
which has the appearance of bomg another name of the same class, is one for which no 
chemist is responsible so much as the hocaniat who called fustic Madura imaiona 
Such names again as herapaiJnie and weltziemte have generally originated, not with 
chemists, but with erystallographers, who have given them in accordance with their 
mineralogioal habitudes. 

One rule which chemists would do well to attend to in their choice of names, is to 
avoid snoh as suggest a connexion that doae_ not exist : such as metamorphuie, 
pseudomoiphine, hypogaeic acid, the lost of which (from Arachis hi/pogcea) seems to 
imply the existence of a more highly oxygenated “ gmic ’’ acid. 

ifomenelature ofFunotions — ^The chamicalfunotions of organic substances are 
generally dencfted either hy nsmg in a generalised sense the proper names of the sub- 
stances in which the several fimetions were first distinctly recognised, as me thy ho 
alcohol, butyric aldehyde, valeric acetone, amylio glycol, &o ; or by 
systematic names formed on the analogy of the nomenclature of mineral oheraistry, as 
methylie hydrate or hydrate of methyl, methylio chloride or chloride 
of methyl, methylie acetate or acetate of methyl, &o ; or lastly, hy means 
of terminations, as methol for methylie alcohol, butyral for butyric aldehyde, 
valerone for valeric acetone, oxalurethane for oxalic urethane, lactamethaue 
for lactic urethane or carbamethane, ethylene, amylene, &o. : this last method 
may for the most part be regarded as a contracted form of the first. 

W e will briefly discuss the names in actual use for compounds rsprosenting the leading 
terms of a ohsmicnl group as above defined, and for their prihoipal derivatives, endea- 
vouring to point out those which it is most advisable to employ. 

Axooaona. 1. Monatcmac . — These are either named alcohols or hydrates, with 
another word added to distinguish the group to which they belong, this word in almost 
aU cases ending in -ghc, as methyho alcohol, methylie hydi'iito, or hydrate of methyl ; 
benaylie alcohol, benzylio hydrate, or hydrate of benzyl The termination -ol, to in- 
dicate the alcoholic function, is more employed by French than by English chemists. 
The nomenolature of derivatives of the alcohols will he moat clearly and concisely 
explained by special examples, thus: 


Function. Formula. 

Alcohol . . 0*H‘0 ' 

Radicle . . (• 

Hydrocarbon . (?H* ( = 

Ether . . C*H‘"0 = 

Compound ethers C*H‘C1 = 

(FH‘(C^”0’) = 
(C’H‘)HSO^ . 


(C^‘)’S0‘ 
Alkaloids . , CC*H*)H?fr 

(CPH‘)’HN 

(CPH'W 

Metallio derivatives. (FS^ZdI 
(0»H‘)»Zn 
(0«H‘)’Hg 


HO) =. Ethyl 

alcohol — H'O) = Ethylene. 

Ethyhe ether, or ethylio oxide. 

Ethyho chloride, or chloride of ethyl 
JEthylic acetate, or acetate of ethyl. 
Hydro-ethylic sulphate, or sulphate of ethyl 
and hydrogen ; also called ethyl-snlphuno 
acid, or snlph ethyho acid 
Ethyhe sulphate, or sulphate of ethyl. 
Ethylamine, or mhydro-ethyho nitride. 
Diethylamine, or hydro-diethylic nitride. 
Triothylamine, or triethylio nitride. 
Triethylphosphine, or teiethybc phosphide, 
2ino ethylo-iodide, or ethylo-iodide of zinc. 

• Zinc ethylide, ethylide of zinc, or zinc-ethyl. 

• Mercuric ethyhde, ethyhde of mercury, or 

mercury-othyl. 


(Such names as hydrochloric ether, acetic etW, &c., are not given above, because 
though used for the ethers of this group, they have no analogues m other cases.) 

Of the v^ons names above given for single compounds, we believe that those which 
stand first in order — that is, names of the form ethyho hydrate, ethyho oxide, ethyho 
acetate, &c., m general deserve the preference. Hames formed by the generalisation of 
special names are convenient enough sometimes, hut this method of nomenclature is 
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not well adapted for application in all cases, the names which it leads to being often 
clumsy in themselves and giving rise to still dumsier derivatives and compound names. 
On the other hand, such names as hydrate of ethyl, oxtde of ethyl, cMonde of ethyl, &c., 
seem to belong too exclusively to one view of the constitution of the bodies they 
denote , whereas names such as those to which we have given the preference (ethylic 
hydrate, &c,), while quite in accordance with this view, may stiU be used inde- 
pendently of it. They would remain equally applicable and would be equally intelli- 
gible, though chemists should cease to recognise the existence of ethyl or similar 
radicles as proximate constituents of the alcohols, for they do not of necessity imply 
anything more than that the compounds C“H“0, C’H'“0, C-'H'Cl, &c., belong to the 
ethylic group, and that they bear to each other the same mutual relations fiiat the 
compounds KHO, K“0, KOI, &e,, do in the potassie group. 

In the nomenclature of the so-called acid ethers, such as (0’'H*)HS0^ &c., it would 
be well to let the name of the alcohohc eonstitiiont always precede that of the aaiid, — 
that is, to say ethyl-sulphuiic acid, ethyl-sulphate, &c., and not sulphethyhc acid, 
sulphethylate, &o. Tor not only is the saline (iaraeter of such compounds not due to 
the alcohol portion of their constituents, as seems to he implied if this is named last 
and so receives tlie saline termination, but confusion may .ictually ansa from (ha use of 
sulpho- as a prefix m this sense and also to denote replacement of oxygen hy sulphur 
(in such names as aul^hocai bonate, for instance). 

Compounds belonging to more than one alcoholic group are easily named in acoor- 
dauoe with the examples given above, by following the analogy of the nomeuclatime 
of the mixed compounds of mineral chemistry. For instance : 

»= Methyl-ethylio oxide 
= Ethyl-amylio sulphate. 

= Methyl-ethyl-amylamine. 

I Potassio-ethyhc oxide. 


(0H»)(C’H®)0 

(■C^miC'H'nSO 


But just as the name potassio-hydric oxide may he abbreviated into potassie hydrate, 
so the names of many corresponding organic compounds may be abbreviated as 
methyl-ethyUo oxide into methylio ethylate, potasbio-ethyho oxide into potassie 
ethylate, &o 


2, Diatomio alcohols — The first discovered of these compounds, O'H‘0*, was called 
" glycol," from the first syllable of glycerin and the last of alcohol, to recall the fact of 
its being chemically intermediate between these two bodies, and this name has since 
been employed as a general term for all compounds of this class. A more systematic 
name than glycol would have been ethylenic hydrate, or hydrate of ethylene, 
and names of this form are the most suitable for general application : as trityleni c 
hydrate, or hydrate of tritylene, amylenic hydrate or hydrate of 
amylene. 

Those derivatives of the diatomic alcohols which correspond to derivativca of the 
tnonatonuo alcohols, are named m the same way as the latter, the only difference being 
that the adjectival portion of the name ends m -ylenic instead of in -ylie, or when the 
adjective is replaced by a substantive preceded by of, this substantive ends in -ylens 
instead of in -yl . as 


0*H''0 = Ethylenic oxide, or oxide of ethylene 

0“H''0T = Ethylenic chloride, or chloride of ethylene. 

= Ethylenic acetate, or acetate of ethylene. 
(C^H<)H^N“ - Ethylenediamine. 

= Diethylenediamme. 


Derivatives which have no precise analogues among those of the monatomic alcohols 
are easily named upon tho analogy of corresponding mmerid compounds as — 


C=H^C1 ? 

HO \ 

(C^H^IC 

C“H<C1 1 
(0^0)0 \ 



Ethylenic hydrato-chloride (monochlorhydrm of glycol). 
Ethylenic hydrato-acetate (monacetin of glycol) 
Ethylenic acetato-ehlonde (acetoehlorhydrin of glycol). 


The names endosed in parentheses (monochlorhydrin of glycol, &c ) are borrowed 
from the nomendature of the derivatives of glycenn , this system applied to other 
diatomic alcohols, gives nse to names even more cumbrous than these as, monochlor- 
hydnn of tritylic glycol. 

3. Triaionuc alcohols . — The only triatomic alcohol known with any certainty is 
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glyceiiu, the nomenclatura of ■whose derivati-ves follows for the most part special rales. 
The compound ethers of glycenn are denoted hy names formed from those of the acids 
hy means of the termination -tit and a munericid prefix when needful • as — 

' Monostearm. Chlorhydrm. 

Distearin. Bichlorhydrm, 

Tristeann Benzochlorhydrin. 

Tribntyrin. Aeeto-dichlorhydiin. 

Glycerin yields also another set of denvatiTos, hearing the same relation to these 
normal compounds that the monobasic metaphosphates do to the oidinary phosphates 
that IS to say, each of them differs by the elements of a molecule of water fiom a normal 
glycerin-compound. The nomenclature of these is as follows — 

C'H"0« = C=H»0* - H»0 - Glycide 

C*E*001 = C'TPO'Cl — ffO •=■ Ohlorhydroglycide (epichlorhydrin). 

0’H‘(a“H“)0’‘ = G»H'(C’'H“)0” - H'O - Ethylglyoide. 

It 1(1111 he seen that the nomenclature of glycerin and its derivatives is not such as 
to admit of very ready extension to other similar compounds , names for these might, 
however, he easily formed hy following the analogy of the nomenclature for inorganic 
salts already explained. 

The derivatives of other polyatomic alcohols that have been hitherto studied, belong 
almost exclusively to the dass of compound ethers. They are named hy combining 
with the name of the 'alcohol that of the generating acid, as stearo-glucose, 
butyro-glucose, diaoeto-mannitan, tetrahuty ro-mannitan, ohlor- 
hydro-mannitan. 

Eor further illustrations of the nomenclature of the alcohols and their derivatives, see 
the articles Aiooholb (i 97) and Ethbbs (u fi08) 

Aoms. — The nomenclative of all such derivatives of the organic acids as have 
analogues among the derivatives of mineral acids, is precisely similar to the nomen- 
olature of the latter,; we may therefore consider it as having been already sufficiently 
discussed. 

It may however he pointed out that, inasmuch as the name of each class of organic 
salts is in general independent of that of every other class, the corresponding oxygen- 
ated radicles can he denoted hy shorter names than those which, as we have pointed 
out, are often necessary for the inorganic radicles. Thus to get the name of the radicle of 
an organic salt, we change the termination -ate (-tie does not occur unless quite ex- 
ceptionally, as salicylite of methyl) into instead of retaining the -at of the name of 
the salt : for instance benzoyl, instead of henzoatyl, acety 1,* instead of aoetatyl, &c. 

It IS stiU needful to say a few words upon the nomenclature of the so-called sub- 
stitution-derivatives and conjugated derivatives of the organio acids, and what is here 
said may he taken as also for Qie most part applicable to the corresponding derivatives 
of the alcohols. 

Compounds formed hy the substitution of chlorine, bromine, &o., for hydrogen are 
denoted hy prefixing cUoro-, dicUoro-, hrtmo-, dibromo-, Sea,, to the names of the 
corresponding normal compounds, and bodies in which the groups NO®, Nff, &c., 
replace hydrogen are similarly named by means of the prefixes miro-, amido-, See. . as, 
Ohloraeetic acid. Nitrohenzoio acid 

Dibromosuccinio acid. Diamidobenzoio acid. 

The prefix nay- is commonly used in a somewhat different sense, namely to express 
the addition of oxygen, not the replacement of hydrogen thereby: as 

C'H‘0* = Benzoic acid. C®H*0® = SaUoylic acid. 

C'H'O' = Oxyhenzoio acid. C’H'O® = OxysaHoyho acid 

C’H“0‘ = Dioxysahoylio acid. 

The application of this prefix may however he considered as comparable to that of 
the others above mentioned, if, "with Kolbe, we regard the addition of oxygen in these 
cases to he effected by the replacement of H by HO 

Sometimes, instead of the prefix aimdo-, the termination -anm is employed, as 
henzamio acid, instead of amidohenzoic acid , such names are, however, incorrect for 
monobasic acids such as benzoic, do not form true amic acids, and the compounds re- 
ferred to do not, even m respect to empirical composition, hear the same relation to the 

* The neme Ocrijit WM am given to the group CIWO hy Drnnns f TroKS de Chtm, ap)>l mix arts, 
yni m'-"-"— -v-—' -'-■-'-yaatjy the formula calling It “ hydrure d’ot6tylc." 

'• ■ ' • but thH name has been genarnllj^aban^ned totho terra' 
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normal compounds that oxamic add, for instance, does to oxalic add. Strictly speaking, 
the so-caUed amido- acids, or aime acids of monobasic organic acids, are most closely 
related to the oxygenated derivatives of the bodies with which they are commonly 
compared, so that the true systematic name of amidobenzoie or benzamio acid would 
be nxybcrzamic acid (see also Amic Acids, i. 167). 

The prefix aulpho- is also often applied to the names of organic acids in a manner 
which is not quite correct thus, the substance called siilphacetie acid is not, what the 
mime would best express, a body derived from acetic acid by the substitution of 
Bulplmr for oxygen, but a compound produced by the action of sulphuric anhydride on 
aeetic acid. This product would be better named acetosulpliuric acid than sulphucetio 
acid, but even that name would not be quite correct, inasmuch as the substance in 
question is primarily related to glycolhe (oxyacetic) acid and not to acetic acid. 

Several derivatives of the types bH* 1T and containing the radicles CO, 

carbonyl, and glyooUyl, have received special names in addition to their 

systematic names • for instance, earhamide, is also called Mwa, and this name 

is often apphed in a generic sause to all compoimds derived from urea by partial or 
complete replacement of its hydrogen by other radides, eth/l-ufm, 

(GWO)’H“ I “ diaoetyl-urea. Similarly, acids formed upon the type of hippurio acid, 
that is, by the replacement of hydrogen in glycoUamlo aoid (glycociue), ^ | q, are 

often denoted hy names ending in -uHa, as salioylune acid, cuminuric acid, tohiylurio 
acid Exceptional names are also used to some extent for the compound ethers cor- 
responding to amic aeida thus ethylic carbamate is also called w ethane or carba- 
methane, ethylic oxamate is also called oxamethane, ethylic lactamate is also called 
lactamttkanc, &o. 

We give below a list of other terminations to which particular significations are 
often attached, together With examples illustrating the use of each. 


-al Abbreviation of aldehyde, Ex. Butyral = butyric aldehyde; vaUrd •= val- 
eric aldehyde 

-anil (fr. anihne) Ehenyl- — ^imide. Ex. Malanil = phenyl-mahmide. 

-anihe acid. Phenyl amie acid. Ex. Suednamho acid = phenyl-succinanuo 


-anilide Phenyl amide Ex. Acetanilide = phenyl-acetamide. 

-ene. A compound containing only carbon and hydrogen. Ex. Benzene, naphthalene. 
• ide (1) A compound of two elements, two radicles, or of an element and a radicle. 
Ex Zinc-methidc, or zmo-nuthi/Ude , methi/lic ethide. (2) A termination pro- 
posed by Serhardt {Si/stime unitaire,) as a generiil mode of denoting anhy- 
drides' it IS still in partial use in this sense. Ex Glt/aolbde, laHide, mannide. 
(3) A general term for oomponhd ethers of polyatomic alcohols Ex Glyaendes, 
ylucosiaia, manniianidcs. Seldom used to denote individual subataneea 
in. (1) A neutral compound of caibon, hydrogen, and oxygen Ex. Gtvemn, 
salicin, mecomn (2) A compound ether of glycerin Ex. GJdorhgdnn, palmitm. 
i n e An alkaloid. Ex. Morphine, piinine. Also used by some writers, hut not in 
this woik, in the same sense as -ene, or as benzmefor benzene, glycerine for 
glycerin. 

it an. Employed by Berthelot to denote the first product obtained hy dehydrating a 
sugar wliose name ends in -ite. Ex. Manntian. dutcitan. 
ite. A eaccliariue compmmd contaimi^ more hydrogen than would be required to 
convert all the oxygen into water. Ex. Manmte, didcite, pimte 
ol Abbreviation of alcohol. Bis.. Phenol = pheuylio alcohol; »«en<Aoi = .menthylio 
alcohol. 

olo. Sometimes used instead of -ene, to denote hydrocarbons. Ex. Benzoleibi; ben- 
zene, toluole for toluene. Not used in this work, 
one. (1) Abbreviation of acetone or ketone. Ex Valerone = valenc ketone ; 
benzone = benzoic ketone. (2) A termination much employed without definite 
meaning Ex Qianane, indifuscone. 

0 s e. A saccharine compound containing oxygen and hydrogen in the proportion re- 
quired to convert each completely into water. Ex. Gluooae, saccharose, lactose. 
yl A compound radicle Ex Ethyl, benzoyl, benzyl, 

ylene A hydrocarbon (diatomic radicle^ containing 1 at hydrogen less than the 
radicle of corresponding name ending in -yl Ex. Ethylene, trityhne, bcnzylene. 

, (This termination is sometimes used in a manner which is not in strict accordance 
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with the above rale ; thus the hydrocarbons of the series are called aceiy- 

lem, alh/lme, orotonylem, ‘oakryUne, among -which names allylene is the only one 
that agrees -with the general rule Some general system of naming the hydro- 
r carbons homologous -with marsh-ga^ is a great desideratum ) 

Por further information respecting the history of chemical nomenclature and vamous 
attempts that have been made from time to time to render it more systematic, see, m 
addition to the references already given, the following* hlopp, Goschichte der Chemie, 
11 . 412 et seq. Berzelius, Lehihuch dor Ohomie, edit 1831, vol. iv. (2ncl part) pp, 
956, 967 ; also (fora much fuller treatment of the subject) edit. 1841, vol x pp. 428- 
449. Dumas, L 69 one Bur la Philosophia Chimique, pp 321-358. B os et, Berzelius’s 
Jahresher xxiii. 23, 24 Grmeliu, Handbook of Chemistry, vii. 149-163 Griffin. 
Chomical Eecreations, 7th cd. (1834), pp. 234-274, also (another system) Eadicle 
Theory in Chemistry (1868), pp. 86-90 Newlands. Chemical News, iv 281 
(30th Nov 1861) Williamson, Chem Soc J xvii (new series, li.) 421. The fore- 
going relate to chemical nomenclature in general , the following more particularly to the 
nomenclature of organic compounds Laurent, Chemical Method, pp 866 et seq. 
Dauheny, Eep. Brit. Associat. 1861 , Transactions of Sections, p. 124. Weltzion, 
Systematisehe ZnsammensteUung der orgamsch Vorbindungen (1860), pp. xxv.- 
xxviu. Berthelot, Ohimie organique tondda sur la synthdse (1860), i 180-186. 
Kolbe, Lehrbueh d, orgamsch. Chenuo, i. 63-62. 

a 0. F. 

nroifTROiriTi]. A hydrated ferric silicate allied to chloropal, which it closely 
reaamhlss in physical and chemical properties, excepting that it gelatinises with acids 
Its composition is sho-wn by the following analyses . 

a. Prom Nontron, Dep Dordogne, Prance (Berthier, Ann. Oh. Pbys [2] xxxv 
92). — b ViUe&anche (Dufrdnoy, Ann. Mm. [Sliii 393 ). — o Montmort, near Autnn 
(Jaoquelain,Ann.Oii Phys [2]xli. 101) — d. Andreasherg m the Hartz (Blew end, 
J. pr Chem xi. 162). — e. Tirschenreuth (H. Muller, Dana's Mineralogy, u. 337) — 
/, From the same locality (Uricoeohoa, loa. oit.y. 

a. b. c. d. e. /. 

Silica . . 44*0 40*68 41 31 41*10 47*10 47 69 

Alumina . . 8*6 3 96 3 31 . 7*16? 

Feme oxide . 29 0 3019 36*69 37'30 36 76) 

Magnesia . . 2*1 2 37 OuO 0 90 . . . . M^ 0*13 

Lima . 0 19 

Water. . . 18 7 23*00 18*63 21*66 10 00 9*79 

Olay . . . 0 1 

97 6 100 20 100 03 99 96 100*00 100 00 

NomrXi. C®H'*.— The ninth term of the series of alcohol-radicles, CH’”"' It 
is also caUed Delaigonyl, hut that name belongs more properly to the corresponding 
aoid-radiole, C®H*’0, homologous with acetyl, 0’H?0. 

• Nonyl has not yet been isolated. Hydride of nonyl, Cfl", occurs, together with 
nonylene, audmany other hydrocarbons of the senes G'n®"**** and C"H’“, among 
the products obtained by distilling amybe alcohol with anhydrous chloride of zinc 
The hydride of nonyl and nonylene occur m the portion of the distillate which goes 
over between lS6°aiid 160°, and are separated by means of bromine, which combines 
with the nonylene (Wnrtz, Bull. Soc Chim 1863, p. 300 ; Ann. Ch. Pharm. 
cxxviii. 226 ; Jahresb 1863, p, 610). Hydride of nonyl is also contained, together 
with other aleohoho by dndes, m American petroleum (PelouzeandCahours) See 
HvnEinES, iii 181. 

Hydride of nonyl boils between 134° and 137° , its vapour-density by experiment is 
4*60 (W urtz) ; by calculation 4*432. Its odour is somewhat like that of lemons 
(Pelouze and Cahonrs.) 

Chloride of Bony I, or Chloride of Pelargyl, C“H'®01, obtained by the action of 
cblorme on hydride of nonyl, disttis over as a colourless, mobile, aromatic liquid, 
having a specific gravity of 0*899 at 16°, and boding at 196°. Heated with acetate of 
potiysium to 160°, It yields acetate of nonyl as a liquid winch has a fruity odour, 
boils between 208° and 212°, and when boiled with potash yields hydrate of nonyl, 
nonylio or pelargoma alcohol, as an oil boiling at about 200°. (Pelouze and 
Cahours.) 

19roxnrx.AlHINE, CPH"N — Obtained by the action of ammonia on chloride of 
nonyl Colourless bqnid having an aromatic and ammoniacal odour , boiling between 
190° and 192°; somewhat soluble m water (Pelouze end Cahours.) 
WONTXBif E, C”H’*. Pelargonene, Maene. — This hydrocarbon occurs, together 
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with hexylene, among the products of the dry distillation of hydroleic or metoleie acid. 
Ihe crude distillate is redistilled at 130° to remove a quantity of empyreumatio matter ; 
the hquid which passes over la agitated with dilute potash-Ky, to fee it from volatile 
acids, and dried over chloride of calcium, and the hexylene and nonylene are finally 
sepiu'ated by fractional distillation (Frdmy, Ann. Oh Phys [2] Ixv 143). It is also 
found, togetlier with hydride of nonyl, &c., among the products of the distillation of 
ainylio alcohol with chloride of zino (W urtz, loc. at ). It is a eolomdess liquid, 
hghter than water, insoluble in water, soluble in alcohol and ether, has a penetrating 
odour, burns with a bright white flame; boils at about 110°(FrAmy), at about 140“ 
(■Wurtz), Vapour-density, obs. = 4071 — 4488 (Prdmy), 4 64 (Wurtz), calc. — 

Bromide of Nonylene, G'H'^Br’, formed by direct combination, is a non-volatile 
liquid, which, hke its congeners, is attacked by caustic potash, yielding a liquid boihng 
between 140° and 200°. (W urtz ) 

Chloride of Nonylene, 0''H'“01®, also formed by direct combination at ordinary 
temperatures, is an oily liquid, heavier than water, liaving a rather agreeable odour 
much like that of anise; it burns with a green smoky flame. (Pr6my.) 

ITONVX<IG AILCOKOIi. See Nomn. (p. 134), 

HORSElO'SKIOIiDITE, A mineral from Busonla on Lake Onega in Bussiii, 
probably a variety of tremolite ^iu. 169) Contains, according to C v. Hauer, 60 78 
per cent silica, 2'63 ferric oxide and alumina, 14'12 lime, and 22-46 magnesia. 
(Jaliresb. 1864, p 820.) 

ITOEITE. A rook occurring near Egersund and other places on the west coast of 
Norway Its composition is that of a gabbro, somewhat poor in augitic constituents 
(hyperstheno and diallage), and characterised in several places by an admixture of 
titaniforous iron Kjorulf (Jahrosb. 1862, p. 701), found in a noute from Tronfjeld 
jn tlie Oesterthal, of grey to violet colour and containing lubradorite andereen diallage 
60-06 per cent silica, 6-73 titanic oxide, 16 44 alumina, 9-71 ferric oxide, 14-66 bme, 
4’88 magnesia, 1-38 soda and a trace of potash. 

IfOmuM. The name of a metal which has been supposed to accompany zirco- 
nium in most, if not all of the minerals which contain it. This idea of the composite 
nature of the earth commonly called zirconia, is based upon some ei^eriments of 
Svanbqrg (Pogg. Ann. Ixv 817), who found that wlien chloride of zircomum was 
fractionally precipitated by oxalic acid, the several pirecipitates exhibited considerable 
differenoea of composition On the other hand, Berlin (J. pr Chem Ivii. 146) finds 
that the several precipitates of oxalate of zirconium thus produced do not exhibit any 
differences of composition sufficiently great to warrant such a conclusion. The matter 
requires therefore further investigation. 


ItrOSEAN. A mineral allied to haiiyne (iii 16), occurring in rhombic dodecahe- 
drons, sometimes modified with faces of the cube, more rarely of the trapezohedron 
2 0 2, often granular massive. Hardness = 66 Specific gravity =■ 2-25—2-3. 
Colour greyish, bluish, or brownish, sometimes block. Translucent to nearly opaque 
Before the blowpipe, it loses colour and fuses on the edges. Gelatinises with acids 
Nosean is found chiefly in the eruptive rocks at Lake Laach, near Andernach on the 
Bliine ; also at Bieden and Volkerfeld m Prussia in a leuoite rook 
The following are analyses of the mineral, mostly from Lake Laach- — a, b. 
Bergemann (Bull, de so nat 1823, lii. 406) — o. Varrentrapp (Pogg. Ann xlix. 
616) — d. Whitney {ibid. Ixx. 431). — e. Blackish-green to clove-brown; specittc 
gravity 2-280.—/. Light bluish-grey ; specific gravity 2 299, — g. Leek-green, from the 
Haai-dt near Bieden ; speoiflo gravity 2-336 — h Transparent and colom-less, mostly in 
twin-crystals (the so-called sodalite from Lake Laach) , specific gravity 2 399 (G. v. 
Bath, lahresb 1863, p 822). 


Sihca .... 38-50 37 00 35-99 36-52 3672 36 69 3f-46 36-87 

Sidphurie anhydride . 8-16 11-66 9 17 7-40 7'62 7 30 7 34 10-00 

Chlorine 0-66 0-61 0-71 106 0 70 1-08 

Alumina . . . 29-26 27-60 32-66 29 48 29 08 28 46 29 61 26 60 


Ferric oxide (with) 
manganic oxide . ( 


2 67 1-78 

1-14 8 14 


0- 44 0-76 0 47 0 91 0 28 

1- 36 1-20 0 63 2-37 4 05 


16 66 12-24 17-84 23 04 23 33 23-90 


Potash 0 34 ... . trace 

Water 1 86 1 37 0 83 2-15 2-01 0 37 


Sulphur 


2-82 1-41 


99-10 99-63 99-23 100-21 100-48 100 64 100-00 100-00 
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Bammelsberg siiggaatfl as probable that nosean has the composition (NaOI.SJTaAK 
SIO^) + 6(lSra’SO‘.6NaAl"'SiO'‘), that is to say that it consists of 1 molecule of sodc 
hte united with 6 mokcnles of a soda-haiiyne containing 6 atoms of silicate. Thi 
formula requires 36-83 per cent sUica, 7 2fi sulphuric anhydride, 30-71 alumina, 24-1 
soda, and 1-06 chloride of sodium. 

NOTATION-. The system of chemical notation now in use a-mong chemisi 
belongs exclusively to modern times, for it is essentially an e^resaion of tho doctriu 
of definite combining proportions, and the atomic theory. But in all ages in whic 
chemistry has been cultivated, signs of some hind or other seem to have been employe 
to lepi-esent the various kinds of matter, and although we may regard the definit 
quantitative -value which chemical symbols have possessed since the introduction of th.. 
atomic theory, as constituting an essential difiference between the chemical notation of 
the present day and that of any former age, still it is not difficult to trace, in the nota- 
tions of the earhor periods of the science, nearly all tho moat important elements of 
that now employed 

The very early belief* in a'oonnection between the several members of the solar 
system and individual metals led to the representation of botb, not only by the 
same names (Nomenolatubi!, p 118), but by the same signs The following account 
given by Hassenfratz and Adet of the appropriation by the early chemists of these 
signs to the particular metals, shows that they were by no means applied arbitrarily 
or at random, but in accordance -with a general system of ideas. “The metals were 
divided into coloured or solar metals, and white or limar metals The metals of these 
two classes were again subdivided into perfect, semi-pcrfeot, and imperfect metals , 
perfection was expressed by a circle, a, fig. 732; semi-perfection, if we may use such 
an expression, by a semi-oirde, h, and imperfection by a cross or by a dart, c. Thus 
gold, which was preeminently tho solar metal, was represented by a simple eirole, d; 
this figure -was common to the metals of tho same class, as copper c, iron /, and 
antimony g ; hut for these it was combined with the symbol of imperfection Silver, 
which they considered as a semi-perfeet lunar metal, was denoted by a semi-circle h ; 
tin, A, and lead, had Uke-wise the aemi-circlo for their symbol, as belonging to the 
same class , but they were distiugmshed from silver by the cross or by tho dart 
Finally, mercury, which was an imperfect metal, at once solar and lunar, bore the dis- 
tinotivo marks of both these ohisses, and was denoted by n oirolo surmounted by a 
semi-oirolo -with the addition of a Cross, y.” (Mimmre stir de nomeaux caraotins a 
employer en Oldmie, 1787.) 

Fig. 732. 

a. h. c. d. e. f. g h. %. j. 

Additional symbols, framed by individual chemists in accordance -with their own 
special opinions, -were employed to denote other substances, but those given above long 
remained in universal use. We atiU find them among the ohemioal signs adopted by 
Bergman, whose system may he taken ns the latest important representative of the 
ideas which reigned in chemistry before the time of Lavoisier, and is therefore entitled 
to a passing notice. The four ancient elements were represented by Bergman as 
foUowB ; — 

A V A V 

Fire. Water. Air. Earth. 

and the principal classes into which chemical substances were then divided, by the 
following general symbols : 

+ ^ ^ O © Y 

Acid. ' Inflammable Metal Salt. Alkali. Oalx. 
matter. (regulus). 

In order to denote particular substances, one of these general symbols was nsed, in 
combination -with some special sign of dififerenes - thus the several acids were denoted 
by a cross followed by a sign charaoterisbe of each; the metallic calces by the symbol 
“calx,’’ ^wluch when followed bythe letter yi, for para, signified bme), followed by the 
BMcial sign of soma particular metuL (See Hassenfratz and Adet, op eii!,, also 
the frontispiece to “ A Diaaertatmn on Elective Attractions, by Tor her n Bergman,” 
London, 1783 ; and the plates to Pearson’s “Translation of the Table of Chemical 
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Nomenclatare proposed by Guyton, LaToisier, Bertholet, and Be Fourcroy,” 
2nd edit. London, 1799. In tbo last work the signs employed by Geoffroy will also 
be found , for information on the origin of chemical symbols, the author refers to a 
" Tract on Symbols," by Wall of Orford, wntten in 1783). 

These signs of Bergman’s, and indeed all that had hitherto been employed, indicated 
the substances to winch they were applied, exactly in the same way as the ordinary 
names of those substances indicated them They may in fact be regarded as merely 
abbreviated modes of writing ehemicol names, for the information which they con- 
veyed was precisely the same as that given by the latter. These mnnbols did not ex- 
press, and had not any necessary relation to the composition of the substances they 
denoted ; and indeed it is evident that at a period when fire, air, earth, and water 
were still regarded as the elements of all material things, chemists can have had no 
clear ideas to express touching what is now understood by chemical composition. 
Accordingly, wo first find chemical signs used in their modem sense, that is, to denote 
chemical composition, by the philosopher who first clearly pointed out what was to be 
understood thereby. In a memoir by Lavoisier, entitled, “ CauaidSrations g4nAralea 
sur la dissolution des Mitiuix dans les acidea,” published in the Mimoires de 
TAcadAmie des Sciences (armee 1782, p. 492 j also “CEuvres de Lavoisier,” ii. 609. 4to, 
Paris 1862^, oocurs probably the first example of the employment of symbols to denote 
the successive steps of a chemical operation The meaning which Lavoisier attached to 
the signs used by him will bo best conveyed in his own words 

“ . . . . j’ai oonetrait des espices de formules qu’on ponrrait prendre d’ahord 

pour des formules aigdbriques, mais qui n’ont point le mfime objot, et qui ne dirivent 
point des m6mes prinoipes ; nous sommes encore hien lorn de pouvoir porter dans la 
ohimio la prAoision math6matique, et je prie en consequence de ne considirer les 
formules que je vais donner quo oomme des simples annotations, dent Tobjet est de 
sonlager les operations de I’esprit. 


Soit une substance metaUique quelconque .... BM. 

Bn aoide quelconque i_/\j 

I-’eau V 

Lb prineipe oxygiiie 

L’air mtrsux ^ 

L’ aoide nitreux ' 0i 


“ On aura, pour expression generale de toiite dissolution metallique, 

(.8.M) (V,rVv). . 

“ Cette formule generals variera smvantlanature da I’aoide et suivant oelle du metal ; 
nsi, par axemple, si o’ est la dissolution du fer dans Taoide nitreux qu’on veut ex- 


primer, on aura ( ^ ) (V ©«). 

“ Mais Taoide mtreux etant lui-meme un compose, il fafit," dans cette formnle, y 
substituer sa valeur, et alors la formule prendra la forme qni suit ( ^ ) ( V ). 

“ Soit suppose la quantite de fer = a, il est clair qu’il faudra, pour dissoudre une 

C tite a de fer, une quantite determinee d'aeide; qu’il y a, par consequent, une re- 
a entre la quantite d’acido et collo du fer , et qu’eu nommant b cette relation, 
j’auiai a b pour I’expression de la quautite d’aeide necessairo i la dissolution. 

“II est dair encore qu’une quantite a b d’aeide nitreux est eomposee d’une eortaine 
portion d’eau, que je pourrai mommer — 


“D’une certains portion de prineipe oxygine, qne jo pourrai nommer 


“D’une certamo portion d’ air nitreux que je pourrai nommer . . . 

“Eufinje feral observer que, pour que ces sortos de dissolutions ne se fassent pas 
d’une maniire trop tumnltuenso, il est necessairo de couper Taoide de deux parties 
d’eau, d’aprea quoi la formule ci-dessus deviendra: 

&h X. ah . 

(a ^ ) + {lab V + - V) + (— # + - AB). 

“Telle est la formule qui rem-esente Texpreasion du dissolvaut ctdo la substance k 
dissoudre avant le melange. Mais sitot que Taction dissolvante a beu, lo metal enlive 
k Taoide nitreux la quantite de prineipe oxygine necessaira pour se saturor. Oette 
quantite^ est. encore, pour chaqno metal, dans un rapport constant avec la quantite de 
C6 memo metal, et, puisque j’ai nomme a la quantite dti metal, je pourrai nommer 
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^la quantity d6 prineipe oxy^ne nAcessidro pour le gaturer. H est dair que, quaud 
la diBsolution esfc faite, cette qnantil^ doit 6tre aioot^e an fer dans la formule, et 
y^fminnTi Ab de rexpression de I'acide nifa^eux ; aiusi la formnle doviondra . 

+ (2«JV + 7 V) + f + rAi.)- 

Et, 4 cause qn’il sb dAgage de la comliinaison une quautitA d’air nitreux 4 pen prAs 
Agala en poids 4 oeHe de priucipe oxygine absorbAe par le mAtal, il faut reti'ancber 
— ^ de cette formnle pour avoir I’expression rAelle de ce qni restera aprAs la 
V 

dissolution; on aura: 

(a^ +1*^) + (2«i V + 7 A) +( 7 # - + T ^ 1^)' 

“ lea parenthAses expiiment la maniere dont sent groupAes les molAcules de diffArente 
nature dans la dissolution. 

“Pour plus de simplification, snpposerai qne, dans tontes ces dissolutions, la 
quantitA d'acide employAe est toujoura tfune litre ; d'aprAs quoi, a b deviendra Agal 4 
I’umtA, et la formule ee rAduira 4 ce qni suit . 

+ l.^) + (2v +iv)+ + r Ai^ -Ja*). , 

“ n ne s’agit plus que de donner une valeur nnmA^e 4 toutes ces qnantitAs ; et je 
vais rendre oompte des pnncipales expArienees dont je sms parti.” 

In the remainder of this paper, Lavoisier compares the numerical results oaloulated 
by means of this formula mth those yielded by actual espornnent, and shows how 
similar formulse may be applied in other cases. 

Although the notation employed by Lavoisier, in the memoir from which we have 
quoted, was distinctly founded upon the prmciple of denoting compound bodies by means 
of theu' elementary constituents, this principle was neyertheless only very imperfectly 
caiiied out, water for instance bemg stiU represented ^ Bergman’s symbol instead of 
by the symbols of its elements, notwithstanding that Lavoisier had himself pubhshed 
in the previous year two memoms demonstrating its compound nhture. But the rapid 
advances in systematisation which took place in the next few years, soon rendered it 
possible to apply this most important principle in a much more complete manner 
Accordingly, in 1787, Hassenfratz and Adet published two memoirs (from one of 
which we nave already quoted, p 136), wherein they proposed a much more complete 
and systematic chemical notation than any that had hitherto been proposed. They 
began by assigning symbols to the elementary or nndecompounded bodies, employing 
similar symbols for all the bodies of the same class, and giving the simplest to such as 
were of moat frequent occurrence. Thus, caloric, oxygen, and nitrogen wore classed 
together as “ substances which can exist m the aenfoi-m condition at the ordinary 
temperature of the atmosphere, and which, as entering into the composition of an in- 
finity of bodies, require the utmost simphcity in their charaelers,” and were accordingly 
represented by different positions of a straight lino . thus, | caloric, — oxygen, / 
nitrogen. The fourth position, \ was reserved to denote a new element of the same 
class whenever such might be discovered, ondhy adopting zigzag instead of straight 
Imes, four additional symbols were obtained for bodies of the same class, one of them, 
j, being employed for light, and the three remaining positions being reserved "four 
designer de nouvelles substances simples et airtformes lorsgue I' on en decowimra" 
Similarly, a semi-circle was used as the general symbol for combustible elements, each 
individual being distmgmsbed by a particular position of the common character thus 

2) hydrogen, Q carbon, ^phur, O phosphorus. The other general symbols 
were as follows alhalis, y earths, Q metals, □ aoidifia^le compound radicles, 
^ non-aaidifiable compound substances (such as ether, alcohol, oil, &c ) These 
symbols not admittmg of the formation of a sufficient number of special signs by mere 
variations of jiosition, the signs representing particular substances were obtamed by 
placing the initial letters of thom names inside the common symbol of the class to which 
they belonged. ^ For instance, among the metals, gold alone was denoted by the symbol 
0, “in order,” as the authors say, “ to preserve the ancient character,” the remainder 
being denoted by a circle, inside which was inscribed a letter, or in case of the names 
of more than one metal liaVing the same initial, two letters, taken from their latiq 
names. For instance, 0 lead, @ platinum, Q sdmr, © arsenic, @ antimony. 



namely placing their initial letters inaide the eu-cle. 

In 1816, Berzelius proposed a system of notation in which the use of initial letters 
was extended to all the elements, and the use of the enclosing circles was dispensed 
with. At the same tune he introduced the method of denoting sereral atoms of the 
same element, or several molecules of the same compound, hy means of eoefiScients, 
thus bringing .chemical notation almost exactly mto its present state. But in 
addition to the modem system of ehemical formnlie, which will he found more fully 
described below, Berzehus proposed a system of miueralogical formulae, which though 
seldom met with in modern works, require some notice in u historical summary These 
formula were used only for the alkahne, earthy and some metallic silicates Siliea 
and the various oxides occitrring tn these minerals were denoted by their initial letters, 
the higher (or -lo) oxides by capitals, and the lower (or -ous) oxides by small 
letters, italics being employed for both in order that thuso might not be confounded 
with the chemical formul®. Bor instance, K = potash. N = soda, S = baryta, 8r •= 
Strontia, 0 = lime, A m alumina, 5 = silica, Mn = manganic oxide, mn = manganous 
oxide, F = feiTio oxide, / = ferrous oxide When two symbols were joined without 
a coefficient, they represented a compound of two oxides in such proportion that 
each contained the same quantity of oxygen . thus (taking 5 = SiG‘), AS stood 
iov APO^ StO^, but when a coefficient was used, it denoted combination according 
to a multiple of the above proportion, as A8^ = APCP 3StO\ or A^S = iAPCP SiCP. 
(Berzelius, Lehrhuch der Ohemte, ed. 1831, vol. iv. pt 2, p 1078.) 

Still another system of abbreviated formul® proposed hy Berzelius is now seldom 
used, except by mineralogists, and may theretbrc he mentioned here in connexion with 
the foregoing. We refer to the use of dots placed above the symbol of an element in 
order to express its combination with oxygen, as S for SO’ and S for SO* After the 
discovery of the sulphur-salts, this mode of notation was extended hy the use of 
commas to stand for sulphur, short horizontal strokes for selenium, and small crosses 
for teUunum. thus 

K Mo molybdate of potassium. 

ife Mo sulpho-molyhdate of potassainm. 

K Mo seleno-molyhdate of potassium. 

K Mo teUuro-molybdate of potassium. 

From a chemicarpoint of view, these formulre are open to the eenoiis objection that they 
seem to imply an essential difference between the mode of combination of oxygen and 
its analogues, and tliat of all other elements Accordingly, Liebig andPoggeiidorf, 
in their great Dictionary of Chemistry, recommended the entire abandonment of them 
(see Sandwortm-hiich der reinrni und angmandten Ohenae, preface to first edition , 
also Ann. Pharm. ix. 3, foot-note), as well as of the horizontd strokes through symbols 
used hy Berzelius to denote double atoms At the same time they proposed another 
modification of Berzelius’s notation, which, though it has been extensively adopted, 
cannot he considered as an important improvemeuL This was the placing of tlie 
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email numerals erjjiployed to multiply the elementary symbols, below the symbols 
instead of above them, as 00, instead of CO^, C^Ho instead of &c. The object 
of this latter alteration was to prevent the possibility of the coefficients employed in 
chemical formal® being supposed to have the same meaning as the similarly placed 
exponents in mathematical formuhe. Mitseherhch, with the same object, avoided the 
use of the small numerals altogether , thus for instance he wrote chloride of benzoyl 
(using the atomic weights of the penod) 14G10H2O2C1 instead of C'*H"’0=C1''. The 
danger to be avoided was not however so great as to necessitate either of these expo- 

At first, even after they had assumed almost completely their modern form, chemical 
formulse were not so much used to express processes of chemical change, as to denote 
the composition of individual substances. When they were used to express a reaction 
the arrangement of the symbols was usually different from that now commonly adopted. 
As a g6ner.il rule, instead of a chemical equation as now wiatten, the formnlte of the 
reagents were written one under the other, the similar atoms being added together, and 
the same was done with the formnlte of the products, and the sign = was placed 
between the two sums T'or example, the transformation of prussic acid and water 
intofornno acid ammomaiBthusrepreaantedmLiebig'streatise on Organic Chemistry; 

“ 1 equiv of hydrocyanic acid, 1 (1 eqniv of ammonia . N" 

3 equiv. of water . . H“0“ t 1 equiv. of formic acid , 

But the more modern form of chemical equation with the sign + was likewise used not 
unfrequently, the idea of expressing chemical changes in this way dating in fact from 
Lavoisier, in whose TVaiti mmtntmre de Chimie (Partie, i. chap, xiii.) there ooom'S a 
true chemical equation . namely, 

"Mcdtderamn =■ aa.de cm honique + cdcool" 

Turner, Johnston, and Graham were among the first Brihsh chemists who 
adopted Berzelius’s notation, and the earhest English elementary work into which 
it was mtroduoad was the third edition of Turner’s Elammta of Chamstry. For 
some time, however, tho use of the symbolic notation met ivith considerable oppo- 
sition in this country, a certaui number of chemists, one of the most considerable 
of whom was Bichard Phillips, objecting to the system as a whole; while in 
other quarters objection was taken to the use of mathematioal signs m a sense some- 
what different from that which they bore in mathematics Dr W he well, who was 
one of the most strenuous opponents of Berzelius’s notation upon this ground, en- 
deavoured to replace it by a system m which the mathematical meaning of the signs 
■was more closely adhered to. But whateier may have been tho merits of Wliowell’a 
notation, it was so far from corresponding to the actual requirements of chemical 
science, that it never came into use, and it is suffleient here to have referred to it. 

fPor particulars of the controversy above alluded to, see Whewoll, On tlui mploy- 
inentof"' ‘ ' n. Boy Inst., i. 347 May 1831 — Prideaux, m 

Whmell . ' • 'Stem, PhiL Mag. Ann B. S. x. 104, Ang. 1831 — 

Waringt ' • with remarks on Whewell’s paper, Phil., Mag. 

Journ. i, 181.— Berzelius, lieply to WheweU, Jahrosb. xv. 201. — ^Whewell, Sepli/ to 
Bereeliits, Phil Mag. Joum. iv. 9 — Phillips, On f/ie tise of Chemcal Symbok, 
ibid. in 448,1V 246 — ^Pndeaux, to PAz/hyis, ibid. iv 41,464. — Graham, Pcnh'fs 

to Philips, ibid. IV 106 ; 402 — WheweU’a system of notation may also be found in 
Braude’s Manual of Ghemisiry, 6th edit 1841 ] 

The important modifications or extensions which the notation of ohemistiy has 
received since the tune of Berzelius, are not numerous Among the most valuable we 
may mention the introduction, by Gerb and t, of " general formulm,” in which letters of 
variable value are used as coefficients instead of numhens, and 0 d h n g ’ s method of de- 
noting the atomicity of polyatomic elements and radicles by means of accents placed 
above their symbols. (Chem Soc Qn. J. vii 1 ) 

The consideration of the quantitative value of tho symbols of the elements does not 
come within the scope of this article, and has moreover been fulty discussed in previous 
articles to which we must refer (Atomio 'Wbiohts, i. 432 ; Equivaliints, ii 491 , 
MuTAiS, Atomio Wbiohts amd Ciassipioatiok of, lii 957) The various opinions 
that have been held of late years m relation to this subject, have however introduced a 
good deal of confusion into chemical notation, and have caused the more or less general 
adoption of a variety of expedients for avoiding the consequent ambiguity Such of 
these as are employed in the present work are explained below. 

It now only remains to explain the rules which are generally followed by the leading 
chemists of the present day with respect to ^omical notation, and CBpeoinlly those 
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•wliioh aro adopted in this work. The symbols employed to represent atomic propor- 
tions of the several elementary bodies, form the basis of this notation. A table of 
these symbols, and of their numerical Talues, has already been given at pages i6i 
and 465 of vol. i. ; we may therefore assume that they are known. Compound bodies 
are represented by the juxtaposition of the symbols of the elementary atoms which 
enter into the composition of one molecule. A single atom is represented in the 
formula of a compound, by the corresponding symbol without any addition , two 
or more atoms are represented, either by a repetition of the symbol, or by placing 
after it a small numeral, above or below the Ime. For example, the formula CHNO 
represents cyanic acid, one molecule of which contains one atom of carbon, one atom of 
hydrogen, one atom of nitrogen, and one atom of oxygen, HHO, or H’O, or H^O, re- 
presents the compound of 2 at hydrogen with 1 at oxygen; repre- 

sents a molecule of oxamide containing 2 at carbon, 4 at hydrogen, 2 at. nitrogen, 
and 2 at oxygen. Sometimes it is reqmred to represent the fact that in some 
particular reaction, or set of reactions, certain atoms of a compound act differ- 
ently from the remainder ' in such a ease the symbols of the atoms in question 
are nsnally inclosed witlun brackets, a numeral being added outside when needful, 
which then multiplies all the symbols contained between the brackets. For instance, 
in order to express that in monethylic succinate the group of atoms 0^“ hehavos in 
many reactions differently from the rest, the formula of the compound may he written 
0'H"(0“II')0*, instead of , similarly, diethyhe succinate may be written thus, 

C*H\C®H‘)20S instead of C“H“0*. If for any reaeon it is desu’ed to call special 
attention to certain symbols which are already contained within brackets together with 
others, this may be done by placing a vtnculum over them, or bypiitting them between 
round brackets, and the larger bracketed group of which they form part between 
square brackets. Thus, suppose wo want to write the formula of ethylic dichloraoetate 
jn such a manner as to call attention at once to the particulai- functions of the groups 
constituting the radicles ethyl and diehloracetyl, and to the fact that the number of 
chlorine and hydrogen-atoms in dichloraeetyl is equal to the number of hydrogen 
atoms in acetyl— this may be done in one of the following ways ; 

(C2SoFO)( 0“H“)0, or [Gi‘(HCF)0](0’H»)0. 

Another method of pointing out tJie relation between substitution-derivatives and the 
corresponding normal compounds, is to place the symbols of the substituting atoms at 
the same part of the formula as would otherwise have been occupied by the symbols 
of the atoms whose place they have taken, writing them when needful above or below 
the line. For example, nitrobenzoio acid may be represented thus, to ex- 

press the fact that the atoms NO® have taken the place occupied by an atom of hydro- 
gen in the normal compound C'H'O® , similarly, dibromo-trichloro-naphthalene may be 
Br® 

■written O'^Ol®. This mpdo of arranging symbols in a formula is especially used to 

represent the constitution of bodies which may be conceived as formed by the substitu- 
tion of other atoms or radicles for hydrogen in the typical eompomids HCl, H®0, H“N, 
&o , e. g. ethybo acetate when compared to the type H®0 is often -written 

0®H®0 [ ^ ’ similarly diethylamine, when compared tothetypeH®N,is often written C®H®N 
or ^ N or 2 ^ I N, &o. In order to faeibtate comparison, the fomnlffi of the 
primitive types are often written in the same manner , as water ^0 or ^ 1 0, amrao- 
H Hi 1 

maHN or H|N. The use of a brace j in such formnlee has no other object than to 

indicate a little more clearly the exact relative positions of the symbols, and thereby 
the supposed order of comhmation of the atoms they represent 

In order to represent chemical changes by means of symbols, the formnlce of the re- 
acting bodies are written on one side of an equation, and the formulae of the products 
on the other, the several terms on each side being separated by the sign + , as — 
NKO® + SH®0* = NHO« + SHKO*; 

or, if It IS desired to dneot special attention to some one product, this is placed .done 
on one side of the equation, as 

NHO® , + KHO - 


H-0 = NKO®. 
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NOTATION. 


"With regard to the meaning of the algehruic signs =, + and — in chemical equations, 
it must he observed that the sign >= expresses merely equahiy in weight , the sign + , 
that two substances between whose formulse it is placed are mixeS, together , and the sign 
— , the separation Quremovai from each other of two substances. Sometimes however 
we meet with the sign + used to denote combination , but such an employment of it is 
apt to lead to great confasion and ought always to be avoided. 

If two or more molecules take part in or residt from a reaction, the number of mole- 
cules is expressed by a full-sized numeral preceding the formula of the substance in 
question : thus when chlorine is prepared by heating a mixture of chloride of sodium, 
manganic dioxide, and sulphuric acid, the reaction takes place between two molecules 
of the chloride, one molecule of the oxide, and two molecules of the acid, and is con- 
sequently represented by an equation thus — 

2NaGl -h MiiO» + 2H^O* = Na=SO* + MnSO‘ + 2H’0 + CP. 

The manner in which the large and small numerals are employed in chemical formulse 
will he easily understood, if it is home in mind that the use of the former is to multi- 
ply the formulse of molecules, while that of the latter is to multiply the smhols of atoms, 
or the formulse of radicles behaving hke atoms. Sometimes these coefflcients are inter- 
changed, hut this is always incorrect, as their true meaning is quite distinct, for instance 
the formula C*H“cannotliavetlie samenieauiug as 2C^H<; similarly two molecules of water 
ought always to he written 2H*0, not HW, which would, strictly speaking, he the form- 
ula of a compound one molcnle of which contained four atoms of hydrogen and two atoms 
of oxygen A. similar remark appHes to small numerals employed to multiply a group of 
symbols inclosed within brackets . e.g (0’H’0)‘ should not be written (C^H'O^) norume 
versL When the formula to he multiplied by prefixuig a large numeral is already broken 
up, by some of the symbols being contained within brackets or otherwise, it is well, in 
order to avoid 'possible misconception, to inclose the whole formula again m brackets, 
putting the nuineriil outside. Thus, if the formula of two molecules of alcohol were writ- 
ten 2(0'H‘)H0, the 2 might be supposed to multiply only the symbols between the 
brackets: to avoid any ambiguity it would he better to write 2[(C*H*)II0]. 

Sometimes the symbols making up the formula of a single molecule are separated by 
i, point, as Na^SOblOH'O. The proper meaning of this sign is to denote that if the 
atoms represented by the symbols on either side of it are removed, one or more com- 
plete molecules will stiU be left. When a numerical coefficient is prefixed to such a 
formula, its multiplying power extends only to the symbols preoeding the point; thus 
the formula 2B'01.ShCl’ is not equivalent to 2(KC1 SbCl"). When the numeral is ini 
tended to apply to the whole formula, this should always be placed within brackets. 

In the application of chemical formulte to mmeralogy, it is often needful to be able 
to represent the general composition of a mineral, the composition of particular speci- 
mens of which may vary considerably, in consequence of the more or less complete 
replacement of one constituent by one or more others, isomorphons with it. Thus 
the formula of normal orthoolaso or potash-felspar is but the composition 

of the mineral often differs considerably from that represented by this formula, the 
potassium being partially replaced by an equivalent quantity Of sodium, magnesium, 
or calcium, and the aluminium partially replaced by iron. This variability of compo- 
sition IS expressed by writing the formula thus 

(K^ Na=. Mg", Oa")(Al’, Fe»)’'S)«0'", 

which signifies that each molecule contains a quantity of potassium, sodium, magnesium, 
and calcium which la together equivalent to ono atom of potassium, and a quantity of 
aluminium and iron which is altogether equivalent to two atoms of aluminium, 

The symbols given in the table already referred to (i. 464, 46.5) represent in nearly 
all eases the atomic weights adopted by Grerhardt, hut in addition to these, other 
scales of atomic weights are in use which it is often needful to distinguish by the em- 
ployment of diffeient symbols. In the first place, there is the scale adopted in 
“ Gmehn'a Handbook of Chemistry,” and some years ago almost universally employed 
in this country when formulte founded upon this scale aro used in tins work, they are 
distinguished by being printed m italics. Secondly, in order to denote atomic weights 
twice as great as those assumed by Garhardt, the ordinary symbol is changed by the 
reduplication of its first consonant, as Pph, Ffe, All, &e., or a horizontal stroke is 
drawn through it, as Fb, Fe, Al, &e. These modes of notation are not employed Jire- 
oisely inthe same way by aU chemists, but as special methods are seldom adopted 
without explanation, we need not enter into further detail. It is greatly to he desired 
that all ehemists should awies in regarding the modified notations now in use, as merelv 
temporary expedients, and that they should aim at returning as soon as practicable to 
the uniform and sole use of the symbols originally proposed by Berzelius,* 

Q. 0. F. 

* ThU recommendation has been followed In the present odiiion 
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ua 

jtOTITB. Palagomte from Val de SToto. 

srUCIlir. A substanoo contained in green walnut-shells. It is prepared by mixing 
the ethereal extract of the shells with a perfectly neutral solution of cnpnc sulphate till 
it assumes a pure blood-red colour, then decanting and filtering, and cautiously 
addmg nitric acid (avoidmg an excess) bll the red colour changes to blue-green. The 
nuoin IS thereby sot free, and by dissolying it in ether and ovaporatmg over oil of -ritriol, 
may be obtained in the form of a yellow powder composed of microscopic needles It 
is insoluble in water, sparingly soluble in alcohol, sublimes at a little above 100° (or 
according to later expenmenls, somewhat below 90°), in reddish-yellow needles. Am- 
monia, fixed alhalis, and salts having on aHailme reaction, impart to it a splendid red 
colour The red ammoniacal solution mixed with hydrochloric acid deposits a brown- 
red flocculent precipitate, soluble with red colour in ammonia. Nuemis free &om nitro- 
gen, but its exact composition has not been determined. (Yogel andReischauer, 
Jahresh. 1856. p 693; 1868, p 633.) 

The name Nucm has also been apphed to a brown resmons substance found by 
Brandes in the hard shell of the cocoa-nut. 

XO’TrcuxiXN'. A name applied; sometimes to the albnminons constituent of the 
crystalline lens {Bandworterbuch, v. 823), sometimes to the substance forming the 
nucleus of the blood-cells. (^Lehmann’s Bhyswhgwal Chenaatiy, li. 186 ) 

HtrciiEVS THEOKT. Ttilme des Boyaux. Serniheone. — A theory of the 
constitution of organic compounds, devised by Laurent (Ann. Cb Phys. [2] Ixi. 
126), and adopted, with some modifications, by Leopold Gmehn m his “Hamdbook 
of Chemistry,” (English edition, vol. vii p. 18). It supposes all organic compounds 
to ho formed from certain hydrocarbons containing even numbers of carbon and 
hydrogen-atoms,* e. g Ethylene OH'*, Amylene Benzene Naphtha- 

lene 0™H" These are called Primary Nuclei; and from them are formed 
Secondary Nuclei by substitution of chlorine, bromiue, oxygen, sulphur, nitiyl 
(NO*), amidogen (NH*), &e. for equivalent quantities of hydrogen, e.g from naphthalene 
the secondaiy nuclei, 0“H‘Br=, C»H«C1“ C*«H“(N0*)^ &o , &c Euither.hoth 

primary and secondary nu olei are capable of attaehmg to themselves externally, as it were, 
certain atoms or groups of atoms, ^ways in even numbers, thereby producing alcohols, 
etheiu, acids, alkaloids, &o., &o. Thus ethylene, C*H* by addition of the group HO, 
produces other, 0*H*.E0 = C*H‘0 ; with E’O* it forms alcohol, OH'.H'O* = C'H'O® ; 
with 0“, aldehyde, wth 0*, acetic acid, &o. , again, from the secondary nucleus diox- 
ethvlene, C*H*0“, is formed oxalic acid, 0*^0= 0' = C*H-'0“, triohlorothylene,0'‘Cl“H, 
witL 0** forma chloral, C*C1'H 0* ; — amidethylene, C*(NH“)H* or C*AdH’, yields 
acetamide, O'AdH* 0’ = C*H*NO-, and ethylamine, C*AdH’ = C*H’N, &e 

Lastly, the compounds thus formed are capable of uniting with others both organic 
and inor^nic, forming what are called ooiyngated compounds, including the so-caEed 
compound ethers, conjugated aads, &e 

Thus, in the ethylene series, we have neutral olhylic phosphate, 3C*H‘0,P0*, ethylic 
hiborate, 0‘H“0,2B0* , ethyl-sulphnno acid, 2S0’, xanthie acid, C'H'O* 2GS'; 

bichloroearhonio ether, OCPH‘0 CO® ; perehloro-carbonic ether, 0*01*0.00® ; terchlor- 
ethylio acetate, C*C1’H®0 0*H*0*, carbamie ether or urethane, 0‘AdH*.H®.200* j 
taurine, 0*AdH*,H® 280®, &o. 

As a further illustration, we give the entire series of compounds derived from 
amylene, 0*“H'" {Handbook, vol, xi.) : 

PniMABY Nucleus, 

Amylene, Amylic Sulphide, HS 

Amylio Hydride, C'"H>» H® Amylic Mercaptan, C>«H‘“ H®S® 

Amyhc Ether, HO Amylic Iodide, C>"H'».HI 

Amylic Alcohol, C'"H'».H®0® Amylic Bromide, HBr 

Valeraldide, C'"H'“ 0® Amyhe Chloride, C‘»H'".HCl 

Valenanic acid, C'°H'‘'.0* Tellniamyl, C'“H“ HTe 


Congngated Compounds <ff the Frimary Nucleus, C>»H'". 

Amylie Carbonate . . C’»H"CO® = a‘"H"O.CO® 

Tribasio Amylie Borate . 0’*H®B0“ = 3C'“H"0 BO® 

Amylio Bihorate . . C'"H"B®0' = C’“H"0 2B0® 

Amyhc Phosphite . . C®"H®®PO'’ = 2C'“H"0.PH0* 

Amylophosphorous acid . C^n'TO* = C'®H'®0® PHO* 

• The iymbols used In thU article have the same values as in Gmolln’s Handbook , H »= 1, C » ^ 
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Conjtigated Compounde (ooniinusd). 


Amylopliosplioiio acid 
Amylosulphurciis add 
Amylosnipliurio acid 
Amylxanthic acid 
ilethylamyKo Oxysidphoearbonate 
Ethyi-amylie Oxysulphocarbonata 
Amylifl Dioxyaaiphocaibonate 
Amylio Nitrite . . . 

Amylio Nitrate .... 

Bibade Silicate of Amyl 
Amylio Formate , . . 

Amylio Chloroformata 
Methylio Valerate . . 

Amylio Cyanide 
Amylio Sulpliooyanide 
Amylio Acetate 

Amylio Chloracetate . . . 

Ethylio Valerate . . i 

Amylio Oxalate .... 
Amyloxalio add . . 

MonOTalerm .... 
Biyaleriu ■ . . ' . . 

Trivalei'ia 

Valeroue 

Valeraoetone .... 
Amylomalio add . . . 

Amyho Valerate . . . 

Seoondaet 

Oxygen-wiKkus, CT'H'O. 
Valerianic anhydride = 0"*E“0.0* 
Oxygen-micleus, C'“H“0*. 
Pyrotartario acid >= C'Et'OtO* 
Oxygen-nucleus, 

Pyrotaitaric anhydride, 0'“H*0h0* 


C'“H'“PO“ = 0'“H'®0*.PH:0* 

Ciogus^O" = C">H‘’0*.2S0'‘ 
Ciojins^O’ = C"H"0=2S0> 
C'"H'WS< = C'"H”>0= 2CS’'0 
OMH"0=S^ .= 0'“H''(G=H“)0“.2CSi 
= C>»H'>(C^H‘)0“ 20S’ 
Ci2H”0"S‘ = 0'»H”0 C=S^O 

0"'H”N0‘ = C'”H"ONO» ' 

0"'H"N0« = C'“H''O.NO’ 

= 2G'“H"0 SiO^ 
C‘“H«0< =. C’"H''0.0-H0> 

0'“n"C10‘ = C'»H>'0 C^OIO* 
C”H”0* = C“H®0 C'E^O’ 

C>*NH" = C'«H'".C“NH 

OI2NHXS’ = C’NHS* 

0'<H'<0‘ = C"'H'’0.C<H»O= 

C'CPH'W » C'"H"0 C*Cl'=HO> 

= CTOO C’offO* 
(i!4j£uO“ = 2C">E''0 0*0“ 

C‘*S'<‘0> = 0'“H’*0''’.C‘0*' 

C'«H">0» - C“H«0«C'“H=0= 

C”H«0"’ = C'H'O” (0'”H®0®)* 

0»6b;«jO» = C“H'0“(C'"H“00* 

r= G’‘'H‘'0'- C=H= 
c«H>=o= = c'»n‘“o= C“m 

C«3;i«0i» = C'"H''0’ C"H^O® 

C"b:“0‘ o c>«h;'‘o c'"H'0‘ 

Ntrooi. 

CMorinc-nuoUm, 0'"CPH'. 

Tnohlorovalerianio acid, C'CESbO* 
ClUonnc-nuoleus, 0'"CPH“. 

TetracWororalerianio acid, C'i’01‘H‘'.0' 


Amidogen-nucleus, 0'«(NH*)H» = C>»AdH» 


Amylamine 
Biamylamme . 
Methyl-ethyl-amylamine 
Diethyl-amylamme . 
Tiiamylamme . 
Methyl-diethyi-amylamine 
Triethyl-amylamine 
TetramyUmine . 
Valeratnide 
Amylniethane . 
Oxamylane 
Sincabne . 
Xantbamylamide 


0'«NH'» 

0'*NH'* 
C"NH« 
C“NH“ 
C«>NH“ 
022NH“ 
C«NH" 
0'«NH"0’' .= 
0»NH»0* = 
OunH'”0» = 
0>»NH«0’ = 
C'«NH>»SW = 


C'«AdH»H’ 

C“Ad(C'«H")H«ff 

C'»Ad(0»H*)(0*H»)H'.H» 

C«'Ad(C^H»)*H'.H= 

C'”Ad(0>»H”)’H’H» 

C"'Ad(C“H')(C*H»)»H«H» 

0'«Ad(G^H‘)»H“IP 

0'“AdtC"'H'')»H«.H> 

O'-AdH" 0‘ 

a">AclH' H‘.2C0* 

O’oAdH" H= G^O” 

0'»AdH",H^.0» 

a‘”AdH”.ff.CS“.CO'-, 


Anttdogen-muoleus, C’Ad’H’O”. I Azo-nucleus, C'°NH“. 

InosiO acid, C'»N»H»0'” = C>«Ad»ff0«.0< \ Valeronitrile, C'"NH» 

Corrugated Compounds. 

Amylene-urea .... 0'WH“0» = 

Valeryl-nrea .... O'^N^H^O* = C‘«H“0'.0®N“H:*0’ 

Amyl-pipendine . . . = n»’Hi°.f!i°AdTT» 

The nuclens theory has not been adopted in any other systematic irork on Organic 
Chemistry, and it le perhaps unfortunate that Grmelm should have made it the basis of 
his arrangement of organic compounds , for it is entirely artifloial, often bringing into 
close proximity compounds irhich have little or no natiU’al relation to one another, 
and has moreover the radical defect of representing organic compounds as a class of 
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bodies quite distinct from inorganic compounds, a distinction -winch recent lUTCstiga- 
tions have shown to have no existence m natm'e. StiU as an artificial system it is 
perhaps as convenient as any otlier,and enables us with facility to arrange and classify 
nearly all organic bodies whose composition lias been well made out, as may be sceh 
by reference to the preceding table, and ftirther to the Tables of Contents of the several 
volumes of Gmohn's Handbook relating to organic chemistry (vols vii.-xvu) The 
objection sometimes urged against it that the number of carbon-atoms in a compound 
must be known before its place in the system can be determined, is not of much force ; 
for no system that could be devised woW enable an enquirer to find the place of any 
given compound in it without kno-wing something about its constitution. A mote 
serious objection to the system is that many compounds cannot ho arranged under it 
at all Such compounds are placed in the Handbook as Appendices to the groups to 
which they appear to have the closest afBnity. Thus, under the head of compounds 
containing 32 carbon-atoms. Linseed-oil and other drying oils are placed in an appen- 
dix to Lmoleio acid | flah-oila as an appendix to Physotoleic acid , and the solid natural 
fats, us an appendix to the Cetylene series in general This defect, however, is not 
peculiar to the nucleus-theory : indeed in classifying compounds according to the radicle- 
theory, we meet with at least an equal number of compounds which at present appear 
intractable • in Gerliardf s Trmti de Gkmne orffamque, for example, which is arranged 
according to that theory, about a fourth of the entire space is taken up -with the des- 
oripfion of " Corps a siirier.” 

JNfUMBBBe, BAW or EVEMT. See ClASSmoAWON (i. 1011). 

xrTTBSZEE.XTE. An impure pyromorphite containing arsenate of lead, from 
Hussi^rc, Dep of Ehoue, France. 

MUT OZES. Hazel-iiuts, the seed of Corylus Avdlana, yield 00 pec cent, of a 
colourless or pale yellow oil havnng a sweet taste, and a speeiflo gravity of 0'921:2 at 15°. 
It solidifies at —10° The cold-pressed oil was found by Lefort to contain 76 66 — 
77 16 per cent, carbon, 11 46 — 11 73 hydrogen and 11 89 — 11T2 oxygen. It forms 
with chlonne a colourless compound rather thicker than the oil itself, of speeiflo 
gravity 1 081 at 3-6°, and containing 21 06— 20-26 per cent chlorme The Itrmtinakd 
oil IS yellowish, of the same oousistence as the chlorine-eompound, of speeiflo gravity 
1-280 at 2-3°, and eoiibiiiiuig fiom 36 36 to 36-58 per cent, bromine. 

Walnut- oil from the kernel of Juqlans regia, commonly called nut oil, is greenish 
when newly prepared, hut hecomaa pale-yellow by keeping. Specific gravity 0 9283 at 
12°, 0-9194 at 26°, and 0 871 at 94°. It is inodorous and has aii agreeable taste. It 
tiuokens at —16° and solidifies to a white mass at —27-6° (Saussure). It dries more 
quickly than linseed-oil, and is therefore much used in painting. 

It contains, according to Lefort, 70-7 per cent oarbou, 11 5 hydrogen, and 17 8 
oxygen. Forms a soft soap with potash. Walnuts yield as much as 60 per cent, of 

Chlonne converts walnut-oil into a light yoUow butter of the consistence of thick 
honey ■ specific gravity 1 111 at 12°, and containing 27-12 — 27 26 per cent, chlorine. 
The broihinatcd, oil has the same consistence, a specific gravity of 1-409 at 17-6°, and 
contains 46 84 — 46 76 per ceut. bromine. (Gorh. ii. 898.) 

xnrmzEG' OZEB. Nutmegs, the seed of Jlfym^ca aromatioa (or ilf masehata), 
yield by distillation with water, about 6 per cent, of a trali^arent, nearly colourless, 
mobile, volatile oil of specific gravity 0 948 (Lewis), 0 920 (Bloy), having the odour 
of nutmeg, and an aromatic burning taste. It contains 81‘1 per cent carbon, 10-8 
hydrogen, and 8 0 oxygen, and is a mneturo of an oil and a camphor. It dissolvoa in 
alcohol and forms a soapy mass with alkalis. 

The oil when left to stand deposits a camphor or btearoptene called myristiciu, 
which dissolves easily in boiling water and crystallises thei-eftom on cooling in trans- 
parent colourless, long, very thm prisms with dihedralsnmmits, or by lapid orystallis- 
ahon in stellate groups of needles It dissolves also in cold nitric acid and in aqueous 
potasb, easily in alcohol and ether, and in warm oils, both fixed and volatile. Contains 
62-1 per cent, carbon, 10 6 hydrogen, and 27 3 oxygen (Mulder), agreeing nearly with 
the formula O^E^O* It melts above 100°, and anhlimes completely at a higher 
temperature in white very slender needles. It absorbs 11-8 per cent, hyi-ochlorie aeid 
gas, melting to a tiensparent mass, the aqueous solution of which is precipitated by 
nitiate of silver. (Gm. xi-i 391 ) 

The volatile oil obtained from mace or the anUus of nutmeg, and the fixed oil or 
butter ealledmyristin, expressed from the seeds', have been already desenbed (iii 740 
and 1073). 




bo til as to ita material and as to its forces, by that fi’action of the external -world '\vhich 
it takes into itself from fame to tame under the name of “ food ” Every animal eon- 
iLinunlly seta free from itaeK during its lifetime a certain amount of material and a 
certain amount of force ; and the laws of nutrition moan the laws according to which 
that loss is eontimwlly replenished from the first moment of the animal’s existence to 
Its final dissolution. The necessity of such ii continual waste and renewal, though a 
problem of gi'eat obscurity, so long as the older theories of vital action wore believed 
m, becomes clear when the facts are studied in the light of the theory of the conserva- 
tion of forces. 'While the waste of matenal in any vital action was supposed to be 
caused hy the -vital act— -while, for instance, the waste of muscular substance in muscu- 
lar contraction, was supposed to bo caused by the play in the miisoular fibre of some 
immatenal thing called vital force — it was difficult to connect stringently together the 
work and waste as cause and effect, and to show why the action of the immatenal 
principle -should neeesaitate the destruction of the matenal substance. The difficulty 
however vanishes as soon ns we lay aside the idea of auy partiouhir vital force or forces, 
and regard the force exerted by an animal upon tho world outside it, us ha-ving been 
prenoualy stored up -within the tissues of tho body as latent energy, and as being set 
free in various forms of actual energy by their decomposition Erom this point of -new, 
the force becomes the result, not the cause, of the waste , and a rmewal of the body is 
necessary, not in order that the vital force may have new matenal through which to 
play, but because fresh latent energy embodied in new material is from time to timo 
M anted for the production of iictunl force. An animal may thus be considered as con- 
Bisting, at -any epoch, of a certain amount of force assoomted as latent energy with a 
certain amount of material During Lfe the force is being separated from the material 
and sot free, manifested, expended m the vanons forms of vital force, and the material 
thus deprived of its force, is being cast out as useless. This neoessitates that there 
should be continually passing into the body a certain amount of force and a certain 
amount of material, so associated together that they are capable either of being 
divorced at once -within tho economy, and the actual energy liberated, as one or more 
of the so-oaUed vital forces, or of becoming part and parcel of tho stock of force and 
material represented by the body, ready when occasion demands to be similarly 
disposed of. Thus there are tliree things to bo considered tho total inooiue or 
material fke force , the force expended or work done, that is to say the sum of the 
vital actions of the economy ; and tho waste or material minus the expended force. 
The condition of the organism at any given fame will depend on the relation which 
these factors then bear to each other. Thus lu early life, the income exceeds the ex- 
penditure of force and therefore also the waste of material , consequently the organism 
gains both in force and material. After a certain age, however, the income -withiu a 
given period is, neglecting temporary variations, auffleient, but only sufficient, to cover 
the expenditure; consequently the body neither gains nor loses either in force or ma- 
terial, blit remains m a condition of equilibrium. The season then follows in which 
the real income is less than the expenditure, and the body becomes a loser, TVe might 
theoretically imagine this loss to continue nntd the organism had dwindled down to 
its primeval nothingness; but in reaUty, a more or less violent disruption of tlie vital 
machinery, called death, talies place before any great diminution can occur The dead 
body then represents a certain amount of force and matenal ready to be disioined and 
dissipated m ways that are not -vital through the so-called putrefactive decomposition. 
These relations of the factors to each other during the several phases of a hfotime are 
imitated in tlie temporary variations that occur &im day to day or year to year. 

In considering the income or ingesta, -vie find that, although an animal receives small 
quantities of oetnal energy in the shape of heat, electricity, motion, &o., these are so 
insignificant that they may be disregarded when compared with the othei sources of 
force. Every animal takes mto itself from time to tame a certain amount of "a certain 
number of substances, including a eerlam quantity of oxygen. These substances re- 
present, in the prospect of their chemical union, a cortain amount of latent energy 
{Spanniiraft ) , it is their latent energy which forms idinoat entirely the source of the 
aotiinl energy of the organism. Sines the particular ohemioal union through -which 
tlie latent energy of these substances becomes liberated as actual energy, is chiefly one 
of oxidation, we are enabled to state that the income of force for nnimuls is the force 
derived from the oxidation by the oxygen of roapiraiion of the oxidisahle bodies taken 
as food. 

Tho force expended, or ej/icttis, of the animal assumes various forms. A certain 
portion becomes, and issues as, heat. Another quantity is represented by muscular 
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contraction, part of winch is concerned in visceral movements, while the rest results 
in locomotion and other meehamoal effects A third quantity is called nervous, 
or cerebral, or sometimes mental force. A fourth is occupied with growth and the 
pivsen^ation of form The remainder has to do with the chemical transfornta- 
tioiia and elaborations which are necessary before the brute food is in a proper state 
to be consumed m vital action A part of the total income is expended in raising the 
rest of the ingested material, with its latent energy, to a higher level of concentration 
and adaptability for conversion, in changing, as it is said, the dead moat and vegetable 
substance into living flesh and blood through the processes of digestion, assimilation, 
&c. This may be called, par excellence, nutritive work ; it corresponds also to the 
force supposed by some writers to ha required by living material m order to resist 
ordinary chemical and physical changes. 

The waste or egesta may he briefly described as consisting of carbonic acid, water 
and certain crystalline mtrogenous bodies, -of which urea is the physiological typo, 
together with a few tither matters always associated with the latter. All these are 
the results of the oxidation of the oxidisable incomo. 

It 18 evident that the task of taking the force and material of the income aud of ex- 
plaining the numerous conversions they suffer untd they finally issue as effcctus and 
egesta, is nothing else than the whole task of physiology The study of nutrition must 
of necessity he confined within narrower limits, perhaps in some such way as follows. 
The animal body consists of eertam lands of materiid with force so associated with 
them, that the decomposiUon, the metamorphosis, in other words the oxidation, of each 
materiai sets free an appropriate force and gives rise to a corresponding waste. Thus 
among other things, the body contains certain quantities of nervous, muscular and adi- 
pose tissue, whose decomposition may bs said to give rise to muscular, nervous, and 
oalonflc action, the development of each action being accompanied by its paiticular 
waste The object of the study of nutrition is to aseertnin quaUtatively and quantita- 
tively the things which are host suited when taken into the body to ensure the acquire- 
ment of one, several, or all of the various corporeal constituents, aud thence to guarantee 
tile exhibition of the force or forces proper to the animal ; or, in other words, to deter- 
mine the laws aoeordmg to which qualitative and quantitative variations of the income 
affect the quality and quantity of the capital, and thence the quality and quanbly 
of the expenditure. The practical problems, for whose solutions a knowledge of such 
laws IS desirable, will vary of course with the circumstances of the nmmal. For instance 
in animals doomed to the slaughter-house, the queetioas have to deal more particularly 
with the amount and nature of the material developed in the body, that is to say with 
the amount and oharaoter of the capital. In man and beasts of burden, attention has to 
be drawn to the amount and nature of the force expended, muscular, nervous, &c In 
coming to any conclusion on these matters, a certain amount of crude experience is 
neoessoiy before a rigorously soientifio method can be applied. 

Ok THn KATUBB oip Food, 

that is to say, the nature of the income. Though oxygen is an essential part of the 
income, it stands so much apai't by itself, that it is genor^y considered separately from 
the rest of the income or food proper Experience teaches us that the food of animals, 
so understood, consists of a eertam number of animal, vegetable, and inorganic substances 
known under the .name of " articles of food.” Such are meat, bread, milk, potatoes, 
grass, water. Some animals (herhivora) feed on vegetable and morgarae subataneea 
only, VIZ. plants and water Others {carnivora) food only on animals (previously 
reared on vegetables) and water. Others again, such as man, are omnivorous, feeding 
on both animals and plants. A chemical examination of all known “ articles of food ” 
shows that each of them contains One member or several members of a class of chemical 
compounds, which, from their universal occurrence in the exceedingly numerous and 
otherwise most diversely constituted “ articles of food,” and from the constant ratio 
them presence hears to the roughly determined nutritive value of these articles, have 
received the name of “ alimentary principles.” They have these characteristics. They 
lire all eapabln of being digested, i.e of passing from the ahmentaiy canal into the 
system , when any one of them is swallowed, a fraction only of it reappems in the 
fieees. They ai-e all capable of being oxidised, and are found by observation to be 
more or less completely oxidised when introduced into the system as food; when 
Bwallowed, the part which does not reappear in the fieees, and which therefore has been 
digested and ahsorbed, cannot be detected passing outwards again unaltered, either 
through kidneys, lungs or skin. They are nearly all complex compounds of carbon, 
hydrogen, oxygen and nitrogen. 

Besides these oxidisable “ alimentary principles ” there is also another class of sub- 
stances, represented by some of its members m eveiy article of food, substances which, 
though digestible and evidently in the habit of passing into the system, are either 
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incapaUe of oxidation or may be proved not to bo oxidised ui their transit through the 
economy. In the opinion of some, these bodies should not be classed under the head 
of food But there are cogent reasons why they should be so treated. Expenence 
shows that they are quite ns essential constituents of a healthy diet as their oxidisable 
companions. And the necossily tor their use is obvious If it is true that the amount 
of force possessed and given out by living beings, is due to the oliemical pro- 
cesses taking place withm the body, or speaking generally, to the oxidation of the oxi- 
disable food , then, out of the whole number of substances consumed as food, only 
the oxidiaahle “ alimentary principles ” can be looked to us sources of force. But hfe 
IB not mere naked force; it is not simple combustion or oxidation. It is oxidation 
under particular cnuumstanoes; it is force manifested ui particular modes. The force 
generated by the oxidation of the alimentary principles is regulated and dnected into 
particular channels in and by the body. The body itself, besides being a mass of latent 
force, is a machine for the conversion of force, and that part of the body which so serves 
as mere machinery wiB require for its construction, material that not only need not he 
oxidisable and force-giving, but wiU he all the more useful for its special pm poses in 
so far as it cannot he oxidised. While that machinery is being built up, during the 
growth of the animal, its material must be sought fur in tood, and during the Whole of the 
life-time there will be contimial waste and renewal of the machinery, not necessarily 
fur the purpose of giving forth force, but because the peculiar cu’oumstances of the 
macbmery unavoidably cause part of it to be continually carried off in the general 
waste-current of the economy. The animal body is not a steam-engine which seeks 
only force in its fuel and is repaired from without ; it is a peoiihar machine which has 
to find in its food not only its supply of force but also m.iterial for its constant repair. 
Wo may tliorefore divide food into the oxidisable alimentary principles, the foroe- 
geneiators, the biogenic elements, and into the other substances which serve 
only as material for repair of pm'e nnichmery, and which therefoie maybe called force- 
regulators or biotaxio elements. It must however be remembered that the force- 
generators may be or rather decidedly are forco-regulutors, though the converse of course 
does not hold good. It is naturally a matter of \ery great difdculty to determine 
whether any given body, eonfe.ssedly not an ahiuontary piiiioiple, is to be regarded as 
a force-regulator, or as being m that sense necessary to the well-being of the economy. 

All such substances, generally foimd in a healthy body and therefore in ordinary 
food and in the ordmarj; egesta, may he so considered. But it would be hazardous to 
limit tho hst to these, since it is quite possible th<it science may yet discover that the 
ordinary consumption of bodies not us j ot recommended bj experience would increase 
an animal’s well-being by uitroducing ‘‘now regulative elements ” whereby the conver- 
sions of force withm the economy might bo more adiuntageously carried on. Should 
any such be discovered, they would hare the right to he Samied as proper elements of 
food. Hence the difficulty of giving^ a satisfactory definition of “ food " wide enough to 
embrace all its parts “ Whatever is commonly lusorbod in a state of lioalth " is per- 
haps the best or rather the truest. According to this, quinine (which though oxidised 
in the system to a certain extent, must bo regarded for its virtues us a pure .regulator) 
in the midst of malana is as much an element of food a? starch or salt Modioincs in 
general may he regarded as occasional regulators. 

The alimentary principles may be rauglUy enumerated as follows : 

1 Nitrogenous Colloids . — These are chiefly the whole series of protein-compounds or 
albuminoids, hotlifrom the auimal and vegetable Iriiigdoms Also gelatin, which though 
of little value apparently for certain purposes, faudy comes under the head of “ ali- 
mentary principles.” To these may be added eertam peeuhar nitrogenous compounds, 
not protein, such ns those occurring m heot-root molasses or mangold pulp (Honne- 
berg and Stobmann) whose natm-e and properties have not yet been weU studied 

2. H;/drocarbons, Fats . — Hoarly aU animal fats may be regarded as alimentary 
principles. So also most of the vegetable fatty bodies, with deductions for varying 
digestibility and purity _ Information as to the digestibility of vegetable bodies more 
or less allied to fats and oils IS wonting. Accordiugto Grouven, the waxy and resinous 
portions of vegetable food are largely digested by oxeq and oxidised in their system. 

3. Carho-hydrahs. — Starch, Sugars, Dextrin, Gum, Woody-flhrc, Pectin The 
fh'st two are largely present in most vegetable articles of food, and hold a high rank 
as alimentary principles Inulin, accordmg to Bolleston (Brit Assoc Reports, 1862), 
resists human salivary diastase, and is possibly therefore not digested. Gum is not 
digested by man, but is destroyed ih considerable quantities by oxen (Grouven) 
The group of substouces Iciiown under the name of pectin, classed for convenience with 
carbohydrates, seems to be readily digested and oxidised by oxen Woody-flbre (that 
IS the eeUuloae of woody-flbre, not itfc lignin or cutin) is digested by ruminants to the 
extent of from 30— GO per cent, (Lawos and Gilbert, Henueberg Grouven.) 
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Besides these aJinientair principles there ore also present in a healthy diet, the 
Bodies •which have been culled regulators, yiz. : 

Water, and the foUomng elements in various combinations, phosphorus, sulphur 
(in addition to the quantities eontainod m the protein substances), chlorine, tluornje, 
sodium, potassium, e.alomm, magnesium, iron, silicon. 

There are also consumed in food, either universally, or generally, or occasionally, 
certain bodies most of them capable of oxidation, but concerning 'which there is much 
dispute, either as to whether they really are oxidised m the system, or as to whether, 
if oxidised, their value ns ingredients of food is to be measured by the force given out 
by their oxidation, or by them action as regulators Such ore vegetable acids, theine, 
alcohol, &e. 

The food of man also contains certain suhstances known under the name of condi- 
ments Since these bodies peiform their functions outside the real body though 
within the alimentary canal, they have no better reason to be considered os food than 
has hunger, optimum oondvmentvm, 

Dibtetios. 

Crude oxporiouce teaches how to form such a mixture of these elements of food 
as shall ensure the well-hoiiig of the animal, in other words how to construct a healthy 
diet. It is found that when any one alimentary principle is alone taken as food, the 
animal perishes by starvation. Neither protein, nor fat, nor starch, nor sugar can alone 
support Ilfs It IS also found that animals cannot he maintained in health unless 
some members of the gi'oup of elements called regulators are present in their food 
Hence the rule m.iy he hud doivn that every good diet must consist of two or more 
alimentary prmciples combined with a selection of regulators Bvery knowm article of 
food fulfils these conditions moio or less perfectly In order to obtain from experience 
more exact knowledge of the absolute and reUuve amounts of the constituents of a 
healthy diet, recourse must be h.id to statistical analysis. Thus, takmgman as an ex- 
ample, if a large number of diets actually in use among persons of average eiroum- 
stances be colTected, and the various articles of food contained in each be analysed 
according to then: alimimtary principles and constituents, a mean may bo drawn which 
would give n qualitative and quaiitit.itive selection of the chief factors for a normal diet. 
Thus Molescliott (Phys d. Nahrungsmittol. s 216) gives as a normal daily diet, 
in-oteui-suhstanee, 130 grins. , fat, 81 grms , starch, 404 grms. , salt, 30 grms , water, 
2,800 grms. Since no one article of food contains its aliinentavy constituents in that 
proportion, it is evident that two or more niticles of food are necessary for a good diet. 
Another method of formulating the residts of largo experience, is to express them, 
not in terms of the alimentary principles themselves, but in terms of the tot.il quantity of 
nitrogen aud carbon contained in those principles. Thus a cert.un amount of nitrogen 
represents a certain amount of protein, and a certain amount of carbon also represents 
the same amount of protein, plus a certain quantity of either fat, starch, or sugar, &c, 
or of ah of them. In this way Dr Edward Smith (Sixth Deport Med Off. Privy 
Council) calfliilates that the agricultural poor of Great Britain consume on an avorngo 
420 gnns. carbon, and 20 grms nitiogen daily, while siUc-weavers, needlewomen, &c., 
only get 287 grms. carbon, and 11 grms nitrogen Since the latter only just manage 
to keep starvatiou from their doors (266 grms. oarhon. and 12 grms. nitrogen daily 
being the “starvation diet” suggested by Dr Smith in reference to the lanoaBhire 
operatives), the diet of the former, productive as it appears to be of general health, 
may fairly be taken as a normal diet Variations, however, from such a standard, 
often oxtrome in character and yet compatible with woll-being, ore occasionally 
witnessed Thus Carpenter (Human Phys. p 46) remarks on the voracity of the 
Esquim.iux, and quotes an instance of one devouring 35 lbs. of aliment mostly fatty. 
Snob a meal was probably riillier swallowed than digested; but the case of tlio 
voyageurs of Canada, who are dissatisfied -with rations short of 20 Ihs of moat per diem, 
would give a consumption of 280 grms nitrogen. In the direction of a minuiiim the 
same author mentions an mstance of a imUer, who lived m vigour for 18 years on 
16 oz of flour per diem, which would give 110 grms carbon, and 6 8 grms. nitrogen. 
Since this miller drank no alcoholj hia case somewhat lessens the value of ua argu- 
ment founded on the histones of individuals said to Lave hied for years on spirits 
plus a small quantity of actual food. 

Another method of determining a normal diet consists in estimating the average 
quantity of nitrogen and carbon in the urea aud carbonic acid of the egesta. The 
amount thus determined is first translated into ahmentary principles, and thence into 
uiticlos of food. The lessons of expericneo thus loughly analysed, though of course 
very valuable, cannot be regarded as anything more than approximations to truth, or 
as bases for further inquiiy. Eor mstance they take no uccoimt of an exceedingly 
variable factor in the matter, namely digestibility. Thus the diet gamed by calcukt- 
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ing back from tlie egCBta can only be n true one when the whole of the ingesta are digested, 
which ia probably nerer the case So again m the method adopted by Dr. E. Smith, 
it is taken for granted that the articles of food' containing the due nitrogen and carbon 
ara either wholly digested or digested at the same rates under aU circumstances But 
wo know that the digestibility of the different alimentary principles Tarioa according to 
the nature of the article of food in which they are presented And not only has each 
article of food an absolute coefficient of digestibility, but there is every reason to 
believe that ui a mixture of different kinds of food such as forms an ordinary meal, the 
amount digested of each constituent will vaiy according to the proportions and 
character of the mixture. Thus the presence of fat is thought to assist the dige,9tion 
of starch, and the amount of oellnlose digested by oxen vanes according to the amount 
of other Biibstauees present in the rations (Henneberj, Grouven). Other cir- 
cumstances too, such ns labour, rest, &c., materially affect digestion (E. Smith). 
Hence the importance of estimating," not the amount of food taken in by the moutli 
only, hut that which is really absorbed into the sy.stem and which alone possesses the 
TOtiies soughtfor. Even when the actual amount of carbon and nitrogen necessary for use 
under average circumstances has been thus determined, several questions have to be 
answered before a diet of any practical use can be fixed upon. Can gelatin supplant 
protein either wholly or in part f The labom's of the well-known commissions show 
how difficult or rather impossible it is to decide this from mere experience. Are fat 
and starch mutually convertible ? May a diet consist of all fat or all starch in addi- 
tion to the protein? Is the action of sugar the same as that of stai'oh? Wliat 
changes sho^d he made for labour? "What for fattening? It is evident that to 
determine questions like these from mere experience, 'With nothiug but the vague eon- 
dibou of well-bemg as a test of success, is well-nigh impossible. Eor further know- 
ledge it becomes necessary to leave on ono side the concrete results of experience either 
with regard to man or animals, and to turn to the search of the abstract laws govern- 
ing the conversion (in the anunal body) of ingesta into effectus and egesta. 

Obhbbai, Laws op Nuteitiok, 

Or, the laws according to which material consumed as food affects the composition, 
and forces of the animal organism 

The older views on this matter were extremely simple. Dumas (Sssm do Staiiqwe 
Ohiimquo des inres orgamaea) taught that all the alimentary principles might he 
divided into, 1. Aaaimlahle prodwU, viz protein substances and fatty bodies which 
served by direct assimilation, to increase or renew the organs of the body previously 
wasted during tbs exercise of vital forces , and 2 Comdiuatibk prodimia, ■nr, sugar and 
fatty bodies, consumed in respiration for the pmpose of supplying animal heat. Liebig 
and his school proved that fat was aetnally created in the animal economy probably 
out of the carbo-hydrates (Dumas having at flrst said, '■ L’animal s’assimile done ou 
ditruit des matitees orgamques toutes faites , il n’en crie done pas,” but afterwards 
supporting Liebig’s view); and hence, while adopting a similar division of food into 
“ plastic ’’and “respmatory” elements, added as a corollary that an excess of ingested 
respiratory material not wanted for immediate use, might be stored up in the body, not 
as fully formed tissue, hut as mechanically infiltrated fat. Since then, however, tile 
matter has been the subject of much exact mquirv. and the results obtained will be 
beat studied by considering the ttatics, that is, all that relates to composition, apart 
from the dynamics which have to do wiUi force. 

A. Staizos. 

The following is the general form of the problems to be dealt with Given the effect 
of a known ration of food on the total weight of an animal, to determine, from an ele- 
mentary comparison between the ingesta and egesta, how that effect may be described 
in terms of the constituents of the body For this pmpoae, an analysis, proximate and 
elenientaiy, of the food consumed within a given time is made , the urine and fseees 
ni'e collected and analysed, their elementaiy composition being directly determined if 
perfect exactitude is required ; the excretion by lungs and skin ia also estimated by 
means of a “ respirahon-cbamber,” and the amount of oxygen fixed by respiration 
calculated by subtiacting the initial weight of the animal pins its food from the final 
weight plus all the egesta. With what great certainty such a comparison may ho 
made is seen from the following table of the observations made by Pettenkofer and 
Voit on a dog, who with a d^y ration of 1,600 grms. of meat was neither materially 
gaining nor losing flesh. 



187’8 
152 45 
6100 
1089 25 
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Ingesta = 1600 grma. Meat, 
grma. Carbon. 

■CT 5 2® 9® dry-substance. 

„ Hydrogen 

„ Nitrogen 

„ { 77 25 in diy-substanco. 

„ Oxygon in water. 

„ Salta 

Oxygen ttyiedL <=. 477‘2. 

Egesta in grma. 

Carbon. Hydrogen. Nitrogen. Oxyga 


Urea .... 
Other urinary conatituenta 
'Water of urine 
Dry Eaices 
Water of Fmeea 
Carbonic Acid of Perspiration* 
Marsh Giia of Perspiration 
Eree Hydrogen of Perspiration 
Water of Perspiration 
Total Egesta 
Total Ingesta 

Sum of Ingesta 


21-6 

9-6 


J DiSference = 34 6. 


And oven this alight diiforenoo the observers state might ho still farther reduced by 
hypothetical oorrootious, for fmoes, of the animal’s total weight. In all experiments of 
tins kind, the determination of the real weight of the iimmiil, though apparently easy, 
is 11! reahty a very difficult fcisk, inasmuch us the total body-weight forming the basis 
' of the calculations ought to be that of the body free from faeces, and in most oases the 
animal has within lum at the time of the initial weighing some of the fasces of Ins 
pievpous diet, and at the final weighing more or less of the feces formed out of his 
experimental rations. In the observation above detailed the carboiue acid, water of 
perspiration, &o , &e,, were directly determined by means of a complicated apparatus. 
Other inquirers have beeu content to detoriuine the carbonic acid only, and that from 
time to time during the experiment (Bidder and Schmidt), leaving the water of 
perspiration for ciilouUtiou, and neglecting the other gaseous excreta altogether 
Bis oh of and Voit did not even determine the carhonio acid, but based their calcula- 
tions on the average thrown off by dogs according to Regnault and Reiset 

The determination of the nitrogen of the egesta has been the occasion of much dispute. 
In the above observation, Pe t tenkofor and Volt merely determined by Liebig’s method 
the urea of the uisno, and considered the nitrogen therein contained as the only nitrogen 
excreted. Against this mode of procedure, it has been urged, in the first place, that 
the urine certainly does contain small quantities of other nitrogenons bodies, to 
wit, creatine, creatinine, &o., aud may possibly contain them in considerable quantities 
on particular occasions. 17016 maintains however that Liebig’s method gives a result 
which includes these bodies when they are present, “them nitrogen-equivalent behaving 
towards the merourial solution exactly like the nitrqgen-eqniviilent of urea ” Other 
observers have determined the wic acid as well (Ranke), or in herhivora the hippnrio 
acid (Henneberg, Grouven). It is also urged that a certain quantity, a small one 
doubtless, of nitrogen goes off in the process of desquamation and depilation. This 
has been approximatively accounted for by some observers (Bidder and Schmidt, 
Grow ven). Lastly, it is maintained that nitrogen passes off by skin and lungs ia 
some form or another m considerable quantity While Regnault and Reiset 
found evidence of only slight exhalation or absorption of nitrogen by the lungs, 
Boussingiiult (Mem de Chimie agneole &e.), in experimenting on turtle-doves and 
horses, could only recover from urine and faeees about two-thirds of the total quantity 
of nitrogen taken in as food Barral, eiperiraenting on human beings, came to a 
simihir conclusion , and other observers have failed to a greater or less extent in re- 
coveniig from nnne and faices the nitiogen of the aliment More recently Reiset 
(Ann. Oh. Phys 1863) found evidence of eonslder.ihle volatile excretion of nitrogen 
in sheep, calves, geese and turkey-fowls, and to a small extent in pigs. To these facts 
may be added the experiments of Eunke on the presence in the perspiration, of urea 
inconsiderable quantities. On the other hand, Bidder audSohmidtfonndiuoatsthe 
whole of the nitrogen reappearing in urine and feces, except in eases where there svas 
* B) skin and lungs. 
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reiisnn to think it had heen retained in the body. Hanght on (Dnlditi Quart. Med. 
J. 1859) believes that the same thing holds good with men, and thatBarral was 
wrong in hia analysis of food So also Bauke, who moreovor fonnd both th.it a pro- 
fuse sweat had no effect on the nitrogen of nrino, and that there was no appreciable 
amount of nitrogen to he diseoveied in the sweat Hen neb erg holds apparently that 
in oxen no decided amount of nitrogen is lost hy lungs or skin (except as ban's, &c.), 
and Qrouveu foimd hy direct estimation, the amount of ammonia given off by oxen 
to he exceedingly small (Jgrm per diem), ho also ascertained that the difference 
between the nitrogen of food and that of urine and faeces was reduced to a very small 
quantity indeed when the ox was fed for some considerable time on rations whereby 
he neithergainednorlost much in flesh, lastly, Vo it (Ann Ch Pliarm. Suppl. ii 1863) 
fed a pigeon in the same manner as Boussingault for a considerable time on fixed 
rations, and found that ho could recover out of urine and faeces aU the nitrogen of the 
food with the exception of 2'3 per cent., which moreover could be accounted for by 
cousidering an lucroaso ivhieh took place in the animal’s weight to be an increase in 
nitrogenous material. Voit calculated that if only 0-llgrm nitrogen had been given 
out daily by the skin and lungs, in addition to that contained in urme and faeces, there 
■would have been none left in the animal’s body at the end of the expenment I Hence 
m experiments of this land the practice still obtains of cousidering the nitrogen of the 
urea (with that of uric and hippune amds when present) as repreacnUng the whole 
nitrogen of the egesta. 

Having thus determined 'With more or less precision the amount and nature of the 
egesta, the teces mnst be placed in a division hy themselves, sinoe they represent 
the portion of food which is not digested, not absorbed within the true body, which 
takes no share in the notions of the economy, and must therefore ho deducted from 
the total of food, the effect of which is being studied It is quite ^ true that the fasces 
contain, besides undigested material, a certain amount of stuff which has been poured 
into the intestine after having fulfilled its function in the economy, and has escaped 
resorption during its transit tlirongb the alimentary canal ; but the amount which has 
thus undergone oxidation is so small that it is generally disregarded. 

The next thing to be done is to determine what inference is to be draivn from the 
presence in the true egesta (from kidney, skin and lungs) of any given element or 
eompound. What, for instance, does the presence of nitrogen (or urea) signify ? . The 
nitrogen arises doubtless from some metamorphosis within the body (metamorphosis 
being used as moaning chemical change, a shiftmg of tlie elements from one flirmula 
into another, or others). We may go so far as to say that it arises fi'om the metamor- 
phosis of some nitrogenous material, which material may further bo declared to bo a 
protein substance (or gelatin). 

But there are in the animal organism manv different proteinous ti4,suea, and at 
least more than one gelatunferous substance (holding positions of variable importance 
and value), each of which might bymetamorphosis give rise to the nitrogen of the egesta 
If we take the very roughest analysis of tho animal body, we shall be obliged to 
consider, as separate coUections of nitrogenous material, the muscular tissue, the 
nervous tissue, the connective tissue (including the bones), the glaiidul.ir tissue, and 
blood, each containing not only a form and possibly several fonns of nitrogenous 
material, but very many other substances as well. And it is evident that if we assume 
that the presence of a given quantity of nitrogen in tho urine indicates the metamor- 
phosis of a certain quantity of any paitieulur tissue (that metaraorpliosis not being con- 
fined to its nitrogenous material alone, but embracing also at least aU its constituents 
that are at all liable to decomposition), the total change both as .to the composition and 
the forces of the body which we are thereW enabled to predicate, will vary considerably 
according to the tissue which we select, whethei' muscular, nervous, &c , &o. Buoh a 
selection is natm-ally a problem of extrema difficulty ; indeed it 1ms hardly yet been 
attempted except in reference to two points. In the first place thei'e is every reason 
to believe that the amount of metamorphosis naturally occurring in connective tissue is 
exceedingly small compared with that going on in the other nitrogenous tissues Exact 
information on this score is wanting, but the starvation experiments have shown that 
the bones for instance suffer senrcely any loss during a long abstinence from food. 
Hence in the researches we are dealing with, the gelatiniferoiis tissues are disregarded 
In the next place, o distinction has been setup between nitrogenous material which has 
merely been digested and absorbed into the blood, and nitrogenous material whicli has 
undergone the further process of being converted or assimilated into actual tissue with 
distinct anatomical elements. For instance, a certain quantity of albumin having 
been converted by the stomach into the peptones, enters the circulation and forms part 
of the nitrogenous material of the blood , in due time it escapes from the capillaries 
and comas into close connection with some tissue, say muscular fibre, of which it is 
henceforth a component part (though how far each chemical constituent of a muscle 
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lias to do with its Wbtological featnrea, the nuclei, strire, &e , or how far these same 
features share in the general metamorphosis of the fibre is uncertain). If the alhumiu 
is metamorphosed so us to give rise to urea while it is still within the blood, the 
result to the organism will be very different fi'om what would occur if the metamorphosis 
were deferred until the albumin hud become part and parcel of the muscular fibre. And 
the same applies to the other tissues. Hence we may speak broadly of two sources of 
urea , one, the metamorphosis of digested food still dwelling in the blood-current, and 
which, for the sake of brevity, we may call the metamorphosis of Blastema or modified 
food , the other, the metamorphosis of tissue previously formed out of Blood, and which 
we may call Fhsh, although we embrace under that title not muscular tisane only, but 
every other kind of tissue that contains nitrogenous material subject to constant change. 
According to Liebig, Bis ohof, Voit and others, tho last only is the true expression 
of the process of the economy, Plesh the only source of urea. According to Bidder 
and S 0 li m 1 d t urea may arise both from Blastema and from Plesh. 

Having thus determined the source of the nitrogen, the analysis of the egesta may 
be continued The metamorphosis of Bleah or Blastema (or both) which accounts for 
the nitrogen will also account for a certain quantity of carbon, hydrogen and oxygen 
The r8ni.Hmug quantity may then he inferred to result either the metamorphosis 
of a calculable quantity of adipose tissue (or Fat) or from the metamorphosis of the 
hydrocarbons or carbo-hydrates of Food while still in the blood-current (Blastema). 
A comparison of the ingeshi and egesta may then he used as follows. 

An excess of the nitrogen in tlie lugesta over that in the egesta will be regarded as 
a storing up of nitrogenous material which has escaped metamorphosis— us a gain either 
of Flesh or, if it is possible to heap up .such matters in the hlood-ourront, of Blastema. 
An excess of nitrogen in the egesta over that in the ingestowdl signify a metamorphosis 
or consumption of Flesh over and above the metamorphosis of nitrogenous material 
ooiitamed in the food (or its equivalent in flesh), and therefore may be regarded as a 
loss of flesh. Supposing there to have been during the period of experimeutiitiou a total 
gain = t, and ii gam of Flesh = « ; t — a, will then remain as the expression of the gain in 
fat, water, or both = i + c. The excess of carbon in the egesta over that ui tho 
iiigesta minus the elements required for the g.un in Flesh, may then be used for 
calculating the gam in Fat = i. The retiuned water may then be calculated from 
the equation t - a — b = o, and ought also to he represented (if a complete analysis 
of both lUgesta and egesta has been made) by the amount of oxygen and hydrogen 
remaining m tho excess of egesta after the suhtraction of the elements required for the 
giuii of Flesh and Fat. When there is a total loss, or special loss of any of these three 
chief ooustitueuts, the sign lu the aquations must be altered accordingly. As was 
stated above, Bisohof and Voit made no complete analysis of the egesta, but contented 
themselves with determining the nitrogen ns urea and calculating out the carbon of the 
egesta, as an mdex for gam or loss in fut, from previously determined averages of the 
earbomo acid exhaled and units of heat thrown off by the dog It is evident that 
such calculations leave margins for very considerable errors, and a comparison between 
the theoretical results of Bisohof and Voit, and the aetnally observed results of 
Pettenkofer and Voit wtih the eame dog shows how important such errors may he 

The opinion that the nitrogen of the egesta when food is taken arises from tho 
metamoiphosis of both flesh and blood is uphold by Bidder and Schmidt These 
observers determined the excreta in a cat for a period of eighteen d.iys, during winch 
no food at all was taken, and the whole nitrogenous metamorphosis referred therefore 
to flesh alone. The following table gives, reduced for each 24 hours to 1 kilogrm of 
the weight on that day, the excretion of urea and carbonic acid, and also the amount 
of fat and dry nitrogenous protem material (not flesh) calculated to have undergone 
metamorphosis: 

Day. Urea Carbonic acid Piotein. Fat. Day. Urea. Carbonic acid. Protein Fat. 

1 3-437 20'68 9'94 1-76 10 1-907 22 46 6 78 4 60 

2 2-298 20 61 7 13 3 30 11 1723 22 09 6 34 4 84 

3 1-837 2167 6-86 4 34 12 1848 23-13 6-12 6 34 

4 1 732 20-74 6 37 4-33 13 2-166 23 61 6 71 4 56 

6 2-227 20 61 6-90 3-41 14 22-24 23 66 6 90 4 43 

6 2 133 20-94 6 61 3 67 16 2-052 23 96 6 36 4-87 

7 1-068 20-69 6-10 3 86 16 2164 23 28 6-68 4 44 

8 2-001 20 79 6 51 3 72 17 1 216 21-46 3-77 5 42 

9 2 263 2189 7-02 3 89 18 0-597 17-67 1-86 6-15 

It will be observed that if the two first and two last days he omitted (and the influence 
of previous food on the' one hand and of dying on the other he thus elimiuated) the 
amount of urea and of carbonic aeid excreted, and of protein and fat metamorphosed per 
kilogramme per diem is remarkably constant. The total auantity of nitrogen excreted 
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during the whole period, SO 807 gnna. bespoke 204'43 grms. protein material (ealcul«twl ns 
dry musde free from fat), containing 102 24 gnns. carbon, which deducted from the 
total amount of carbon excreted, mjz, 206 96grms., gare 103’72gr>n9. carbon, an equiva- 
lent for 132 '76 grmB pure fat (not adipose tissue). The total loss in weight was 1264 8 
gi’ms,, which leaves 927 62 grins, for the loss in water and salts. An analysis of the 
dead body, compared with an analysis of another cat very closely resembling what the 
dead one was at the commencement of the experiment, gave a probable loss of 1020 
grma water, and 300 grms. dry material of which about 130 grm.s was fat, and thus 
afforded a fair corroboration of the theoretical dednetions. On feeding a cat, howei er, 
on such a quantity of flesh that for nine days it neither gained nor lost weight to any 
great extent, they found the daily excretion per kUograffiino per diem to he 

Urea .... 2968 Carbonic acid . . . 20’322; 

when it was forced to eat as much as possible, the excretion per kilogramme per diem 

™°Ilrea .... 6-162 Carbonic acid . . . 34-877. 

Another eat left to feed ad libitum gave per kilogramme per diem 

Urea .... 7-663 Carbonic acid . . . 34-164. 

Bidder and Schmidt drew from their results the conclnsion that the total metamor- 
phoais of ahy given animal is dependent on two eircnmstanees, or is a function of two 
factors, one constant, the other variable. The constant is the typical metamorphosis 
exhibited during hunger, shown so clearly for the cat iti their starvation-expenment, 
a metamorphosis rendered necessary for the production of heat and the other ntal 
forces, the amount being determined by the species, age, bulk, &o., of the animal. The 
variable is the food taken for the time being. When the food taken is only 
Buffleient to cover the waste caused by the typical constant metamorphosis, all the 
excreta may be inferred to have arisen from the metamorphosis of flesh. "When, 
however, a surplus of food is taken, then part of the excreta is due to metamorpho- 
sis of blastema. Thus when a surplus of meat was consumed by the oat, a certain 
portion entered in a state of flesh, replacing a certain quantity whose nitrogen appeared 
111 the ogesta, under the form of ureo as the representative of the " constant ” meta- 
morphosis , tlie rest was split up in the blood into a nitrogenous and a hydi-ocat- 
honoue porbon The nitrogenous portion was at once thrown off as urea- A certain 
amount of the hydi-ocarbonous poi-Uou then either entered the body as fat in order to 
supply the waste caused by the “constant metamorphosis " necessary to produce the 
typical amount of earhonic acid, or what amounts to the same tiling, was metamor- 
phosed at once in the blood in order to produce that amount of carhonio aoid, and so 
saved the fat of the body from consumption. If, after the performaiioe of this duty, 
any of the hydrocorbonous portion still remained, it too was metamorphosed or o-vidised 
withm the blood, hmiution being made for the quantity of oxygen present The 
quantity of nitrogenous material thus metamorphosed directly in the blood and thrown 
off as urea, was designated by Bidder and Schmidt the “ Luxus-oousumption.” It is 
naturally very high with a diet of pure flesh, a large amount of albumin requiring 
to be split up in order to supply the necessary quantity of carbonic acid. It is 
reduced by the addition of hydl-ocarbons or carbohydrates to the food, and hence is 
more marked m carnivora than in herbivora. 

This view of Bidder and Schmidt’s is moreover supported by the fact, agreed to by 
nearly ttU observers, that the amount of m-ea in the unno increases very consider- 
ably within a few hours after taking food It is thought highly improbable that in so 
short a space of time the food should have actually been transformed into tissue 
According to Ur E. Smith, however, this post-oibum nse of urea is not so marked as 
Other ohservei's have taught, especially when the hourly variations in the quantity of 
urea which occur during hunger are taken into consideration. Besides which it must 
he remembered that 'we do not at .ill know either how rapid the changes in living fli-sli 
may he, or, iis was observed above, how far the anatomical elements, the formed solid 
portions of the tissues, for in them lies the difficulty, take part in those changes. 

Another argument for the luxna-eonsumption is di-aivn from the experiments of Dr. 
Hammond, who found, with a purely albuminous diet, great increase of m-ea with 
great loss of strength. But to this it may be answered that the exact relation between 
nitrogenous metamo^hosis and the production of vital force is not yet fully established , 
that it IS quite possible that excessive metamorphosis of even muscular tissue should 
take place, and yot the force so liberated not take the form of muscuhu- power , and 
moreover, that urea need not necessarily , he assumed to arise from muscular tissue alone, 
but might bo supplied from all the formed tissues which we have classed together 
Under the head of flesh The phenomena of the disease called Diabetes, again, offer 
several important lessons on this point Thus Ringer (Med. Chir. Trans xliu ) 
having observed in that nwludy, dunng hunger as well as after a non-amylaceous meal 
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directly upon, in other words is a function of, the amount of flesh thereiu present. The 
Talidity of this conclusion is assumed in all Bischof and Voit’s subsequent investiga- 
tions, and thus forms the basis of their otlier results, which are ns follows It will 
bs remembered that these observers hare left room for errors by not determining 
directly tlia carbon of the egcsta. Their practice of always reckoning the nitrogenous 
material of the body as wet mnecle only loads also in all probability to addifionnl 
inaccuracies, and throughout the whole of their researches an element of uncertainty 
is introduced through variations in the nutritive power of tlie animal, both as regards 
character and amount, caused by the diet itself, and well seen when a change iS nmda 
fiom one kind of food to another. Thus with the same rations, viz. 1,800 gi'nis meiit, 
tlie dog on one occasion, after hving for the previous forty days on bread, gained m 
bodily weight at the rate of leas than 1 grm. per kil. per diem , at another time, after 
tliree days’ hunger following an insnfficieiit meat diet, he gained at the rate of over 2 
grms. per kil. per diem ; on a third occasion, after a long suspension of tlie experi- 
ment, during which he lived after the manner of dogs m general, he lost at the rate 
•66 grm. per ML per diem 

The first series of experiments were made with ii diet of meat alone.' The first and 
chief effect of meat taken os food, was a rise in the amount of urea, that is to say an 
increase in the metamorphosis of flesh. Supposing that at the time of giving the food, 
the dog was abeady ill-fed and losing in bodily weight, tlie effect of a small quantity 
of meat was such an inoreiiae in the metamorphosis, that the animal stored nothing np 
hut continued to lose in weight. An increase of tho meat ration similarly increased 
tho metamorphosis and similflrljr permitted tho loss m weight. A further increuso 
acted in the same way. But this was observed, that with a succession of equal more- 
moute of food, tho iuoremeuts of metamoipliosis successively ihmiiiished. Bence, by 
continuing the mcreaae of food, n hmit was at last reached, at which tho increase of 
metamorphosis ceased. The animal might then be said to be in a condition of equih- 
hrium, the ingesta and egesta balancing each other. Such a state of things was 
established in Bischof and Voit’s dog only when the amount of meat consumed .is 
food was equal to about ^ to^ of the tot.il weight of the animal. Beyond that point 
an increase of food was stored up as increase of bodily weight. But in a very 
short time after such a gam in weight, the totality of the processes of the economy 
accommodated themselves to the new state of things, to the increased moss, and thereby 
gave rise to an increase of metamorphosis. To supply this increase of metamorphosis 
a further increase of food was reqiuved, and so another eqiiilibrinm was established on 
a higher platform, so to speak, of waste. On still further addition, tho same process 
was gone through again, until the animal reftised to eat the required qmintity of food, 
loss of weight of course then occurred, with a reduction of the equihbnum to a lower 
level 

The cause of the successive dimiimtion in the increments of metamorphosis ennsed 
by successive augments of the food, is to be sought for in the approximiitivoly coustiint 
quantity of oxygen present in the blood for tho purposes of oxidation "Wo have 
tlierefaro three things to notice. First an amount of metamorphosis proper to the flesh. 
Secondly, an increase in metamorphosis due to the presence of food. Thirdly, a 
governmeut of the metamoipliosis by the oxygen of the system. In other words, the 
metamorphosis is a function of three flietora — one, a constant (or approximatively such), 
the other two, variables — viz Oxygen, Flesh, and Food, or as Bischof calls it. Plasma, 
Blastema. The next siries of experiments wasconductedwithmeatandfiit, and with fat 
alone, It was found that the addition of fat to a meat diet affected the body m two 
different ways. On the one hand, fat not only did not prevent by its presence that 
increase of metamorphosis which had previously been observed to follow upon nil 
inorcaso in the quanbty of meat consiimcil, but was itself a cause of increase, iiiae- 
much as it added to the muss and internal labour of the economy On the other hand, 
apparently fiom ita greater readiness for oxidation, it preoccupied the oxygen of tho 
system, and so sheltered the flesh ftom oxidation and metamorphosis. Hence tho 
addition of fat to meat as food lowered tho platform at which metamorphosis vine 
arrested for want of oxygen and an equilibrium established. One third or one fourth 
only of a quantity of meat required for an oquihbrmm, when meat alone wae given, 
was needed when fat was added to it. 

Sugar and starch were found to act very much in the same way as fat, except that, 
app.vrcntly by reason of the greater facility for oxidation poe.sessed by sugar, equili- 
brium was eafabbshed with even a less expenditiu'o of meat than was the case with 
fat A similar conclusion may be drawn from the results of the system of Mr, Banting. 
Tho experiments of Hennoberg and Stohmnnn on oxen, couduoted in a very similiir 
maimer to those of Bischof and Voit, the ciirhon of the egesta being enlciiliited, not 
directly determined, are interesting as showing that the h(‘rbivor,a are subject to tho 
same laws of nutrition as tho carnivorm These observers found that m tlio ox the 
metamorphosis was a function of the flesh, that it was increased with an incre<iBe of 
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protoin-BubBtanco in the food, the increment of the metamorphosis successively dirainis.li- 
iiig, liowevor, with successive increase of protein food, so that at last an equilibrium was 
cbtahhahed ; that the addition of non-nitrogenous matewal to the food lowered in pro- 
portion to its amount the quantity of protein-substance neceaaaiy for the establish- 
mcut of that equilibrium or for the storing up of bodily weight As might be expected, 
the amount of prpteiu-substauce necessary for an equilibrium under any circumstances 
was far loss than that required by tbe dog. 

Man, standing so to speak between carnivora and herbivora, has been studied by 
Eunice with very simihu- results (Eanke ui many of his experiments directly deter- 
iinued the carbon of egcsta in Eettenkofor’s apparatus) He also found that the meta- 
morphosis was a function of the flesh of the body, that it w ’ ^ 

or Blastema, being largely increased by a meat-diet, 
experience touobiug the dog, he was unable to reach an 

meat alone. Wldla eating the largest amount of moat possible, viz. 1,800 grms , he 
stiU lost weight Ha moreover found that the addition of fat or starch to food, rendered 
easy tbe establishment of an equilibrium The eoncordance of the results of these 
different observers speaks strongly for the probable correctness and worth of these 
“ laws of nutrition.” 

In the above statement, metamorphosis generally, and metamorphosis of flesh, have 
been used indisoriminately on the giound fiiat the latter is really the chief, central and 
determining part of the whole It reraains to determine how, when equilibrium has 
been eatabUshed, and a storing up commenced, the elements of flesh, fat and water are 
distributed in the increase ; similarly also how they are related to each other in a 
decrease when that occurs. The conclusions arrived at when the carbon was calculated, 
instead of being observed, must of course be received with caution. 

Aocordnig toBiachof and Voit, when on animal is lU-fed with meat, ha loses not 
only flesh hut also fat from his body. With an increasing diet of meat, and accom- 
panying increase of metamorphosis, the loss of fat lessens, and finally ceases with the 
estabhshment of equibhnum. Pettonkofer audVoit have moreover shown that 
with a rich meat-diet, when there is a balance between the nitrogen of egesta and 
ingesta, there is most probably, judging from the retention of carbon, a very conside- 
rable storing up of fat The same result was also arrived at by Bidder and Schmidt. 
It IB only intelhgiblo on the hypothesis that the metamorphosis of flesh, like Bidder 
and Schmidt’s metamorphosis of blastema, consists in tho splitting up of protein 
into a nitrogenous and a hydrooarbonous portion. Eanke.on the contrary, found that 
with the largest meat-diet possible, he still consumed fat while he stored up flesh, with 
a total result of loss in weight owing probably to a giving off of water. ’The addition 
of fat to food naturally lessened tbe consumption of tho fat of the body, and if m sufficient 
quantity, arrested it or even led to a storing up of fat. It was also found that when, 
with a given quantity of fat, tho amount of meat-food was pushed beyond what was 
nsoessory for an equilibrium, and the flesh of the body consequently increased, with a 
proportionate increase of metamorphosis, such on excess of nitrogenous matorial under- 
going metamorphosis was at last arrived at, that it preoecupiod the oxygon of tlio 
system to the exclusion of the fat The fat of the body was retained and tlrnt of the food 
stored up ui presence of a large unnecessary nitrogenous metamorphosis. The same result 
was also obtained by Hen nob erg, and illustrates the uselessness of attempting to in- 
crease the casein of milk by giving protem-food beyond a certain h'mit Bisohofand 
Volt found sugar and starch also to spare tho consumption of fat, hut the dog was 
found unable to digest such a quantity of sugar as might be supposed sufiicioiit to cover 
the total waste in tat and lead to a stormg up of it Henneherg however found that 
this was extremely easy in the ox, a fact which has been largely shown by the 
researches of Lawes and Gilbert. These last observers indeed found the storing up 
of fat to form so large a share of tho total result of the general feeding of animals fur 
the butcher, that they were led to consider butcher’s meat in its totality not us nitro- 
genous but as hydrocarbonous food Their results have a peculiar value miismuch us 
they were obtained, not by calculating back from the excreta, but by tbe actual analysis 
of several typical specimens, and by numerous determinations of weight serving as 
data for compansons. The effect of ordinary fattening food upon the flesh, fat 
and water of the bodies of oxen, shsep and pigs is illustrated by the following table : 

GalaulaUd, mnj^sition o/lOO inorease wMst fattening. 

MliicrnI Dry nltruRcnous 

Averiige for 98 oxen . . . 1 47 7 69 66 2 7fi’4 

Average for 348 sheep . . . 2-34'* 7 13 70 4 79'9 

Aver.ige for 80 pigs . 0 06 64t 71 o 78 0 

A fat pig actually analysed . . '63 7 76 03 1 71 4 
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The relation between thfl amount of metamorphosis, and consequently of the storing up 
or increase, and the various elements of the food, was thus found to he as follows. With 
sheep, the amount of dry nitrogenous material stored up m the body for every 100 pts. 
of the same consumed as food was, on the average, HI; of nou-nitcogenous material, 
that IS fat, stored up for every 100 pts. of non nitrogenous substance consumed as food, 
the quantity was 9'4, the remainder m ouch ease being either not digested, or lo.st in 
metamorphosis, Mhth pigs the numbers were 7’3't and 21 2 respectively, the largeness 
of the numbers being due in part at least to the pigs’ food being more digestible The 
same facts may be placed rn another light. Thus with sheep, for every 100 pts of 
the total dry matter of food (mostly oil cake and clover) there were stored up 72 of dry 
nitrogenous material, 7‘13 of fat, and 02 of mineral matter, 91 94 being lost m diges- 
tion or m metomorphosis. With pigs, feeding on bran, beans and meal, the numbers 
■were 1'44, 15’81, •02, 82‘73 respectively. It is worthy of notice that these indepeudeut 
obseiTiitions may be interpreted as agreeing very closely with the general results 
deaoribod above, namely that increase ojf nitrogen means increase of metamorphosis, 
and that an amount of nitrogen in fattening food beyond a certain limit does not 
end in storing up of flesh, but in an augmentation of nitiogenous metamorphosis with 
lessened waste of fat. That fat was actually formed in the body is clearly shown by 
the fact, that for 100 pts. of fat as such consumed m food, from 406-472 pts. of fat 
were stored up as increase No marked difference was observable ' between sugar and 
starch as fat-storing constituents of food. 

Bischof and Volt, expenmcntmg 'with gelatin, found that a large addition of that 
substance to a meat-diet led to a storing up of flesh but a waste of fat, when the 
quiiutity of meat consumed ■witli tlie gelatin was such that eitlier with it alone or with 
f.it besides ■there was no storing np of flesh. It was hence inferred that gelatin really 
does to a certain extent take part in the metamorphosis of flesh, and does not simply 
shelter the flesh by preoccupying tbe oxygen after the manner of fat So large an amount 
of gelatin, however, was necessaiy for this purpose as to explain why animals fed on 
gelatin alone could not thriie 

Our knowledge of the history of each alimentary pimeiple, as it passes through and 
among the metamorphoses sketched above, is necessarily very imperfect, and ivill bo 
more fitly put in the wiiy of question than of statement. Wiat, for instance, is the history 
of sugar? Is it absorbed mto the blood and at once, if reqwred, oxidised? If the 
surplus 13 stored up a.s fat, how does it become fat? Is the fat which is stored up by 
reason of the presence of the surplus, really and truly that same sugar exchanged into 
fat, or did the sugar step into a metamorphosis, and by a saonflee of itself turn off in 
fat certain elements which would otherwise have followed another path ? Questions 
such as these pavtaimng to each ahmentary principle spring up in abimdance, hut 
them solution belongs rather to physiology in general than to nutrition in particular., 
We may mention a few experiments only which seem to suggest that the complexity of 
the changes tubng place m the economy is rather under than overrated in our present 
accepted doctrines. 

It is well knowTi from the experiments of Regnault and Eeiset that the proportion 
of oxygen flxed in respiration which reappears with the carhorae acid of the egesta 
vanes according to the food, being greater ■with the carbo-hydrates tliaii with the 
hydrocarbons. Pottenkofor ,-ind Voitohserved, however, that m their dog, when 
fed on flesh with sugar or starch, the amount of oxygen in the earhonio acid considerably 
(127 to 100) exceeded the total amount of oxygen fixed in respiration This was com- 
cidentwnth the appearance of flee hydrogen and marsh-gas in the respmation chamber. 
Guided by tbe investigation of Planer on intestinal gases, they came to the conclusion 
that the starch and sugar suffer within the ahmentary canal a sort of fermentative 
decomposition, by which, as in ■nnons fermentation, a qnantity of carbonic acid is given 
off, in the production of which the oxygon of the atmosphere has had no part. This 
observation shows strongly that the amount of cimbonic acid in the egesta is no true 
measure of the oxidation of the body, and therofore of the generation of force, as has 
generally been supposed to be the casa 

It IS ciirions that Gronven, workmg through the devious and dangerous path of 
elaborate analyses and still more elaborate caWlations, should have come to, a very 
similar conclusion -with regard to the fata of the carbohydrates consumed as food by 
oxen. He attempted to estimate the “nntntivcvalae” of various alimentary principles, 
starch, sugar, gum, &c., &e., by mixing known quantities of them ■with a fixed ration 
of straw, and then, having calculated the changes that had taken place during a given 
time in the body of the animal, gain or loss of flesh, fat and water, compared the results 
with the previously determined effect of the straw-ration. He found that his facts only 
hecume intelligible on the hypothesis that within the alimentary canal the carho- 
hy drates were split up into two sets of bodies, one rich, the other poor, in oxygen j that 
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the former were thiwu off unused, while the latter were ahsorhed and probably were 
eouverted into fat He goes eren so far as to deduce from his elementary ealculatious 
the formulte of tho change. Thus starch gave rise to glycerin, butyric, and lactic acids, 
which were assimilated, and carbonic acid and marsh-gas, which were at once excreted. 
These resulta are perhaps of morei walue as provocative of future researches than as being 
by themselves ti'ustworthy facts but at least they point to possibilities, both of diges- 
tion and nutrition, not as yet fully recognised. 

The results described above as laws of nutrition refer to what have been called 
force-generators. The laws belonging to the force-regulators are so complex, so little 
understood at present, and oonsequenfly so much debated, that it is thought better to 
omit the eonsideration of them altogether. 

Some substances, such as alcohol, can perhaps hardly be regarded as of settled position 
whether among the generators or regulators , others, tea, coffee, salt, &c., have lilceivise 
been the subjects of much research and debate. (See Smith, Voit, &e., &c ) 

B. DynaiMoa. 

While the statical part of the subject is of course of most interest in reference to the 
nutrition of animals destined to ho slaughtered for food, the dynamical part is of moat 
importance when the nutrition of man is considered. What kind of food is best adapted 
for the development of iiiusoular, what lor nervous force? arc the most fundamental 
problems of physiology. Previous to entering into detail, however, au inquiry should 
be made (if for notluug else, at least for the sake of justifying the assumption of tho 
applicability of the conservation of forces to the living frame) between the total income 
and total expuditure of force. This will he most conveniently done by reducing both 
to units of heat. The determination of the total amount of force expended within 
a given time by an animal body is a comparatively easy task For, diverse as ais the 
various manifestations of force within the economy, they are aE reduced, before they 
leave the body as expended force, into two modes only, namely heat and meehanical 
effect, the quantity leaving the body as electricity being prob.ibly exceedingly smaE. 
Thus all the various forces whidi wo class together under the name of nervous force 
resolve themselves, after aE their multitudinous wanderings and transformations, into 
heat, except the minute fraction which may be supposed to be earned on into museulnr 
action, and so to find its exit as mechanical effort. Muscular action too loses itself 
partly, as mechanical effect, hut to a much greater amount probably as heat. All 
eooretiTO or nutritive action again goes out as heat. He.it and nieohauieal movement 
are in fact the only true effmtus of the animal body. Whatever does not go out in the one 
form, issues in the other. Two ammalB, bvnig on the same food, and subject to the 
same metamorphosis, wiE nse to the same amount of actual energy, and yet m the one 
a large amount of that energy may assume the form of mechanical effect, while in the 
other, no musoiEar exertion Wng made, it nearly aU goes ont as mere heat, which, being 
dissipated as soon as generated, causes no alteration in the animal’s temperature 
Hence if wo estimate the total mechanical effect of any animal during a given time, and 
the total amount of heat given off at the some time, we shall obtain the total amount 
of expended force This may readily be done by placing an animal m a calorimeter, 
with a tread-wheel for determining the meohanicw effect. By reducing the mechanical 
effect to umts of heat, and adding them to the number of units of heat denoted by the 
calorimeter, we arrive at the total expended force estimated in units of heat. A 
c.dorimeter is doubtless not a proper home for an animal, npd therefore probably the 
result of the experiment wiU not give accurately tho normal expenditure of the natural 
animal, seeing now sensitive and responsive m all its parts is the animal economy to 
variations of temperature. Yet it cannot he far from the truth. 

The estimation of the total force of the income is a much more difficult task. The 
units of heat given off by the combustion of each artide of food have to be determined, 
and from them sum total has to be deducted the number of units of heat still obtainable 
from the mcompletely oxidised pnition of the excreta belonging properly to the food 
in question Unfortunately tins at present has not been accomplished It has 
generally been deemed sufficient to ealciilato tho latent energy of any alimentary 
substance from the units of heat given off by the combustion in on imcombined state, 
of its eai’bon and free hydrogen. This however (see Hbat) loads to a result which we 
may safely assume as being incorrect, without knowing how far it errs from the truth. 
Hence the failure of Dale ng and Desprotz to obtain a balance between the artnal 
heat given off by an animal during a given time, and the amount calculated as dnp to 
the quantity of carbon and hydrogen presumed to have been actiiaEy oxidised in the 
system during that time, cannot be regarded as any argument against the possibility of 
ohtaimiig such a balance with great exactitude if more correct methods wore employed. 
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tTfeiiig, liowever, such imperfect means in the absence of better ones, Helmholts 
calciilatea that a man of 82 kilogrms weight expends in 24 hours 2,700,000 units of 
beat, of-svhyih2 Bpereent goestowarmingthefoodand drink, 2'6 per cent to warming 
the air of respiration, 14 7 per cent is lost in the evaporation of water through the 
Itings, the remainder 77 fi per cent, being distributed over loss by urine and faeces, eva- 
poration from skin, radiation and conduction from surface, and meebnnioal effect. 

Lu (1 vig calonlatea the mechanical effect of a good day’s work to be eijiuvalent only 
to 220,930 units of boat 

Still more difficult is the task of tracing backwards to the food or onwards to the 
excreta, any of the special kinds of forces at work within the economy To take for 
instance muscular force, as one of the simplest, it may he asked, which elements of 
food contribute solely or chiefly to its inoduction, and wliich of the elements of the 
egestu may bo tiikou as the mdex of its occurrence. The Eev S. Haughton (Dublin 
Quarterly Medical Jonrnal, 1859, 1860), taking it for granted that the nitrogen of the 
urine and faeces represented the whole muscular or. mechanical, nervous or mental, 
and nutritive or vital, work of the economy, while the remainuig excreta answered to 
what he calls the opus calorificum, made tho following investigation Having deter- 
mined tlie daily excretion yicr anum et vesicam, of nitrogen reckoned as urea in a senes 
of men of different bodily weights, performing different mechanical work, undergoing 
different mental labour, he was enabled to construct a series of equations, which he 
solved for certain values which it was desired to know. He thus calculated that 300 
grams of urea represent the daily nutritive work of a man weighing 160 lbs.; that 136'6 
grams, of nrea represent the muscular force required to hft 160 lbs through one mile, 
a hard day’s work , that 222 grains of urea represent tho daily mental exertion of a 
man of business. It need hardly he said, however, _ that the assumptions on which 
these calculations are ba.sed, are open to_ grave objections. 

In dealing with the atiitica of this subj’eot the word flesh was used to denote the total 
protem-suhstance of the body And it was only in this wide sense of the word that 
urea was considered as the resultof the metamorphosis offlesh. It is true that JBisohof and 
Volt use the s.ime word flesh ns sjnomymoua with muscle, hut such an assumption rests 
on no basis of facts. Altlioiigh the nervous system in Bidder and Schmidt and Chossat’s 
expel iments seemed to suffer but little waste m inauition, we cannot for that reason 
conclude that during life it suffers httle metamorphosis. On the contrary, it is impos- 
sible, with the general views by which we are judging tlie whole subject, to think 
otherwise thantiiit where there is apparently so much production of force, there should 
also be much diange. And as for as the changes in the nervous tissue simpbcato the 
protein substances therein contained, they must he considered as giving rise to urea. 
In the liver again, in the glands, and in aU the other organa which wo may call tho 
nutritive organa, wemustalso(in addition to the changes supposed acooidingtoonetheory 
to occur in the digested food as it passes through or comes in connection with those 
organs m the blood current) suppose considerable, it might almost be said, excessive 
metamorphosis to take place, which, m so far as it is nitrogenous, will also produce urea. 
Hence the total amount of urea cannot be taken as im index of the metamorphosis of 
muscular tissue only Nor can wo fairly assume that even a large p.irtof it is to be so 
regarded. It may be urged that musoiiliu: tissue tortna a large part of the total protem- 
substimoe of the body, that we have every reason to believe that it suffers great and 
rapid changes. But, we possess no exact information as to how large a share in its 
metamorphosis is taken by its nitrogenous constituents alone, and on the other hand we 
are similarly ignorant of the intensity of nitrogenous transformations in the other organs 
of the body It is true that in muscular tissue we find creatine and creatinine, and 
there is some reason for believing that they (one or both) are increased during muscular 
contraction when metamorphosis is presumed to be increased, but the physiological 
couneetiou between creatiiimo or creatine and urea has not yet been fully traced On 
the contrary, there are not wanting facts indicating the closest bonds between urea and 
tho liver. So marked indeed are they that the action of tho Uver has been called in 
to assist the theory of the luxns-consumption, on the idea that the changes taking 
plMB there belong, not exactly to the liver itself, but to the blood in the liver On these 
points, however, our information is exceedingly imperfect. 

Physiologists perhaps err in being apt to regard the processes of the animal body as 
too simple, too straightforward. May not urea and carbonic acid be, not tho result of 
a splitting up and facile oxidation, but the ends of a long series of, perhaps back- 
ward and forwiu'd changes, so that tho point or place where each is first detected is 
not necessarily the place where the most important act of metamorphosis takes place ? 

If it IS difficult to connect urea in any special manner withthe metamorphosis of mus- 
cular tissue, it is still more difficult to connect it with the exhibition of muscular force. 
If urea were the most important product of muscular metamorphosis and muscular me- 
tamorphosis tho most important source of urea, then since, during muscular controotiuu. 
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the metamorplioais of ra uacular snbatance is presumed, on apparently satisfactory grounds, 
to be largely increased, the amount of urea also ought to be largely increased by muscu- 
lar exertion It is true that under this new tliere wiH always be in the urine a 
tolerably largo constant quantity of urea due to the amount of muscular exertion em- • 
ployed in nsceral movements, which vanes only withm comparatively narrow hmits. 
But such an amount must be fully overpowered by an excess of urea due to violent and 
long continued oxoroise Observations (Smith, Voit, Speck, Lehmann) on the effect 
of muscular exertion on the excretion of urea are not unanimous. Yet, even when allow- 
ance is made for retention, that isfor decrease of olunination as compared with decrease 
of formation, the conclusion may fairly he drawn that exercise even carried to exhaus- 
tion produces an iuorease of urea too small to ho regarded in anyway as an equivalent 
of the expended muscular force. At the same time ohservers are equally agreed that 
muscular exertion does produce a vary large increase in the carhomc aeid of tho egeata. 
So elearlydid this come out in the experiments of Dr. E Smith, that that gentleman 
heheyes himself justified in recommending an addition of carbon to tho food when bodily 
exertion is called for It has been urged that Volt and others, by simply estimating 
the urea (with uric acid, &c ) in their expenments, have left open the possihdity of other 
mtrogenoiis bodies heiug present in large quantities on such oecamons, and on such 
occasions only in the ui'ine. But these hypothetical bodies have never been detected, 
and the possibihty of their existence does not negative the fact of tho increase in tlie 
carbonio acid. It must be remembered however that there is in the living muscle, even 
when perfectly atiest, nn active mefeunorphobisstiU going on, resulting lu part as olec- 
trioity, but finally as heat. Perhaps even during tho very act of contraction (us 
distinguished fiom the conditions invnieiiaiehj preceding and following) there is not so 
much an inorease of metamorphosis as a change m the direction or form into whicli the 
energy set five by the metamorphosis is conveited. If so the carbonio acid would be 
only indirectly, and the urea not at all, an index of the amount of expended force, while 
the total metamorphosis of the muscular system would measure possibilities of action 
rather than actual achievements. When we leflect that tlio animal body considered ns 
a working machine is characterised by hemg subieot to sadden calls for action fiiom 
every quarter, it will be easily understood that the best state of preparation for emergen- 
cies IS not one in winch there is a mere store of latent energy, but one in which force is 
continually being hberated and therefore ready at a moment’s notice to be tm'ued m 
any particular direction, converted into any particular form. Tins of course implies 
that for every mechanical effect, a large amount of force is spent in a nou-mecUauical 
manner, and therefore appai’ently lost But so abundant are the resources of tho 
economy for the using up of this wasted force, that according to Helmholtz, while the 
best steam-engine loses iime-tenths of the total power of its fuel, the huiiian body is 
able to convert into meehanioal effect one-fifth of the total power of its food. 

Urea then cannot he taken safely as a measure of inochauieul work done by the 
body , with stiU less safety perhaps can it he taken as a meaaiuo of the mental 
work. And as it is impossible at present to trace the various members of the 
egesta back to the various forms of vital force, so it is impossible to tiace the Litter 
hack to the various constituents of food. If one general luow of the whole vital 
processes can he regarded as more likely tlian another, it is perhaps the idea that the 
brute force of the economy, so to speak, is represented by the carbon (and hyiogen) of 
its food, while the nitrogen is more closely concerned with internal changes by which 
that brute force is converted into the many varieties of vital energy 

Playfair argues that only the mtrogenous alimentary principles are concerned m 
the production of rauseulax (and mental?) force, and gives calculations showing that 
the latent ^ enorCT of such an amount of albumin as is usually consumed by active 
labourers is sufficient to account for the actual force, both of the internal muscular 
movements and of the external “ useful work ” of an ordmary man But Carpeu ter 
has made calculations which lead to on exactly opposite conclusion, and Houghton’s 
equations, as far as they can he trusted, tend to support the view that the force of 
muscular action is derived, in part at least, from the hydro-corhons or earho-hydrates 
of food. So long as the present uncertainty about the latent energy of complex 
buhstanees continues, and so long as the fevolntion of heat is not observed at the same 
tune that the development of medianical force is estimated, all questions of “dynamics ’’ 
must remam obscure 

The followmg works and memoirs may he consulted ; 

Barral, Statique ehiinique des Animaux, ISfiO 

Bidder uud Schmidt, Die Verdauungsafte and der Stoffwechsel, 1862. 

Bisohof und Voit, Die Gesetze der Emahnmg des Pleischfressers, I860, and 
their Critic. 

Vogt, C,, Molesehott’s Untersuchungen, 1869. 
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g^uantifcy of actual force m the sliape of lieat. So plants, tliongli their chief function is to 
employ solar energy in decomposing eaibonic amd and water with liberation of oxygon, 
and thus to construct elaborate compounds of carbon, hydrogen, mtrogen, and oxygen, 
as seats of latent energy, 'nevertheless from time to time consume those very compounds, . 
absorbing oxygen, formmg carbonic acid and giving off actual force m the shape of 
heat. For instance, during germination, flowering and fruiting, there is always oxidation 
going on, and even a considerahle amount of heat thrown out ; and during tho whole life 
of a plant, those parts which are not green are always occupied in forming and exhaling 
carbonic acid, and those which are green behave in the some way when hght is absent, 
BO that'the total amount of oxidation going on in a plant is very considerahle. The 
income of plants oonsisls partly of force, partly of material. Force is supplied almost 
entirely m the form of solar energy. Part of the energy so received may be considered 
as acting simply as heat, since, for the organic processes of vegotahle as of animal life, 
a certain temperature is necessary. In tlie majority of animals, however, an internal 
soui’ca of heat renders the thermal influence of tiio sun of subordinate importance 
Plants, on the other hand, are more directly dependent on solar warmth, their own caloric 
production being, ns a whole, very limited. But by far the most important function of 
the solar energy received by plants is that pecnliar one whereby sun-hght, acting on 
the green or enlorophyll-oontaimng organs, deoxidises earhome acid and water, and 
thus enters as latent energy into the various vegetable organic compounds. As by tho 
union of carbon and hydrogen with oxygen to form carbonic acid and water, a certam 
amount of actual energy is sot free, so in the reverse process a corresponduig amount 
of energy becomes latent. The latent energy possessed by vegetable products tmd ex- 
hibited through either oomhustion or alimentation is simply energy derived from tho 
sun and appropriately converted dmung the life of the plant. 

The materials of the mcomo of a plant are derived partly from the soil, partly from , 
the atmosphere 

Those bodies which are drawn from tho soil are said to be ahsovhed by the roots. 
Into a mass of soil, tho roots of a plant spread during its growth m various directions, and 
extract therefrom certain oonatituonta by virtue of processes as yet not fully understood. 
This absorption has a “selective” character One plant will absorb certain constituents 
in given proportions, another, the same constituents in different proportions or different 
constituents. So, out of a given mixture, a plant will by no means absorb to tho 
largest extent those substances which are present in greatest abundance. Marine 
plants growing in a fliud containing a great excess of sodium, themselves contain a great 
excess of potash Laud plants contam but little aluminium, tbough that body exists 
in large quantities in most soils. Aquatic plants, whose soil is a fluid, of course absorb 
their sod-derived constituents from solutions Laud plants may also be made to do 
the same thing. Thus Stohmann (Ann. Ch. Pharm exxi. s. 286) grew maize-plants 
in pure saline solutions. It may fairly he presumed that all tho bodies absorbed by 
the roots are in some way or other dissolved before they actually pass into the plant. 
Hence snbstanccs in order to he of any nutritive value must bo capable of solution. But 
it does not foUow that they must necessarily exist m a state of aqueous solunon in the 
sod itself before they can he absorbed. On the contrary, ordinary sod seems to have 
a peculiar power of withdrawing saline materials from their aqueous solutiona, and of 
retaining thorn in some peculiar physical comhmatiou with itself And the experiments 
of Nagoli and Z oiler on the growth of beans m powdered turf saturated to a variable 
extent with sahne matters, seem to show that saline nutritive elements are absorbed 
not directly from aqueous solutions percolatmg the earth, hut indirectly through the 
agency of the sod. 

Of the substances thus absorbed by the roots the so-called “ mineral” matters form a 
large proportion The most important and wide spread are potash, soda, lime, mag- 
nesia, and iron, with phosphoric, snlphmuc, hydi'ochlorie, and siheic acids. Less universal 
but stiU common are iodine, nlumma, manganese More rare, and probably in many 
cases accidental, are bromine, boron, copper, silver, zinc, lead, tm, cobalt, nickel, 
strontium, barium To these may he added hthium, and some of the newly discovered 
metals. Water is of course absorbed from the sod. 

Nitne acid and ammonia are also absorbed from the sod These may have arisen 
from the decomposition of organic matters present in tho sod as natural or artificial 
manures, or may have been brought down from the atmosphere by rain It has been 
suggested (Volker, Cloez) that nitric acid is the particular shape in which nitrogenous 
material is absorbed by plants, aU other nitrogenous substances (including ammonia) _ 
being reduced to that torm, previous to absoqition. There appears to he no evidence ’ 
that organic mtrogcn-oompoiinds are absorbed as such except it be in the ease of fungi 
and certain parasites, 

Oarbonie acid may be taken up from the sod Lastly, there are in all soils reprei- 
sentatives of tho class of bodies known under the collective name of humm. It is 
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generally thouglit that humus is not iibsorhed as such, but acts bencflcially in a sort, of 
preparatory manner on soils, hy moans of the acids arising from its deconipo,sition. 
Ristor ho-ffOTor maintains that humus is ahsorhod and assimilated by plants. 

. The liind of material derived from the air is not the same imder all elroumstancos. 
tinder the action of light the green ports of the plants absorb ctuboiiie acid , in dark- 
ness they cease to do so, taking up oxygen instead. Those parts which are not gi'een 
absorb oxygen nnder all circumstances. That this absorption of oxygen is an not 
nocessaiy to lifo is shown hy the fact that plants kept in darkness (and therefore unable 
themselves to give out oxygon) in an atmosphere void of oxygen, perish 

It has been mneh debated whether plants absorb in any way nitrogen directly from tlie 
atmosphere. There appears to he no exact knowledge as to the ‘power of plants to 
absorb combined nitiogen (ammonia, &c.) directly from the atmosphere, as dnstinguisLed 
from that obtained from the same source through the intermediate agency of the sod. 
As reg.u-ds free nitrogen, Boussingault (Annales de Chim. et Phys 1865, &c.) con- 
cluded from his experiments that there was no absorption Y 1 1 1 e and others maintain 
the contrary. Lawee and Q-ilhert (Phd. Trans. 1861, Chem. Soo. J. xn. 100) 
support the views of Boussingault The last-mentioned obsoiwora nevertheless state 
that the quantity of nitrogen brought down to the soil from the atmosphere by the 
annual ruin will only account for a fraction of the nifrogeu carried off by the annual 
Clops, and infer that m the absence of nitrogenous maniues there would seem to bo 
some otherus yet unnoticed source ofuitrogen. Liehig {Iffatural Laws of Hiishandrn, 
ed. Blyth, 292) however maintains that the atmospherio nitno acid and ammonia are 
Buffleienfc for ordinaiT vegetable pm’poses, and even that (through cultivation) an ’ 
accumulation of nitrogen in tho soil has taken place. The observation of Sehoiiboiu 
that niti'ite of ammonia is produced during oxidation taking place ui the atmosphere, 
has suggested a source of abundant supplies of nitrogenous food for plants 

The capital of a plant consists of the so-called vegetable products. The chief of 
these are protein-matters, eeUuloso, starch, dextrin, sugar, gum, pectin, chlorophyll, 
orgajiio acids, fatty, waxy, lesinous bodies, tannin, &o . &o All these are so many 
coUections of latent encgy, and available for food or fuel They are nearly aU of them 
present in every plant, and constitute the mam part of the capital properly so under- 
stood Besides these bodies, however, there are innumerable other eompounda, of more 
or less frequent occurrence, po6ses.sing a greater or smaller amount of latent energy, 
some of them perhaps particular stages through which the material of the plant passes 
in its progressive metamorphoses, othora moat probably the products of a retrograde 
metamorphosis or off-shoots of either process These last two kmils may fairly ho 
brought under the desigu.ition of excretions, and ought therefore to be considered as the 
waste material of expenditure r.ithor than as belonging rightfully to the capital. 

One substance spoken of as protoplasm, a mixture of various nitrogenous and 
uon-nitrogenous compounds, occras largely in all growing parts, and may be regarded 
as a soft of middle teim, to which a large pimt of the inoome tends and from which 
various items of capital arise. 

Of tho expenditure of a plant, a very bmited amount consists of actual force In the 
lowest forms of vegetablo life locomotion is at times witnessed, and some of the higher 
plants exhibit occasional niovemonts m their ao-oalled irritable parts. In these cases 
a certain amount of force is lost as mechanical effect And in all plants tho act of 
growth, the transference and sustentation of material m various directions must bo 
considered as an expenditure of mecbanioal foice 

A constant but small loss of force m the form of evolved heat must also bo admitted. 
Under ordinary circumstances this is almost msigmficant , on certain oeoasions, however, 
it comes forward into great prominence Thus in germination, a very considerable 
amount of heat is given out, and when many germinating seeds are collected in a heap, 
asm malting, the thermometer placed among them may rise tollO° F. During flowering 
also heat is evolved. In the spadices of the Arum tribe in pai'tioular the thermometer, 
it IS and, will stand 20° or 30° F. above the temperature of the surrounding am. In all 
cases the evolution of heat is closely connected with tho absorption of oxygen and the 
exhalation of corbouio acid. 

Of the matenal thrown off by plants, besides water, the largest portion consists of 
oxygen given out hy the green surfaces nnder the influence of light. A smalier portion 
consists of oarboiuc aeid given off by the parts that are not green at all times and by 
tho green parts in darkness. 

According to Clo ez (Ann Sciences. Nat. Bot. [iv.] xx ) the yellow and red portions of 
partioolouredleavesdouotgive off oxygen. The amount of carbonic oeid exhaled in dark- 
ness 18 greater when the smToiinding temperature is higher (Corenwinder, Ann. Scieiio 
Nat.Bot.[v.] l,p 297) Duringgermmation, flowering, andfriiitingtlierois an increase 
in the excretion of carbome amd. Saussure thought that oousiderahlo quantities of 
nitrogen were evolved by the leaves of plants while carbonic acid was being decomposed. 
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and Draper came to tlie same conclusion. But Bouasingault (Ann. Seienc. If.it. 
Bot. [iv ] svi ) maintaius that such is not the case, hariug found reason to believe tliat 
the leaves of plants (iit least of submerged plants) lu svmsluno give off appreciable , 
quantities of c.-irboiiic oxide and inorsh-gas Oloez however, who with G-ratiolet 
{ihid. [ill ] xxxii.) bad previously found decided quantities of nitrogen to be exhaled by 
tUeb ^ - r-i -easserts^iAzif, [iv.] XX ) the fact of the exhales 

tioiu ■■ ' oarbouio oxide. TheobservationsofLawes 

aud ' L the idea of nitrogen being exhaled. Many 

pl.iuts give oif minute quantities of volatile bydrocarbons m the form of odonis. To the 
action of these emanations, the preaenee of ozone m the neighbourhood of planta has 
been attributed. 

It has been much debated whether or no, or to what extent, matters are excreted by 
the roots of pLinta. The beneficial or injurious effects which the growth of certain 
crops seems to exert on the vegetation of other crops, subsequently groivn on the same 
ground, have been attributed to an accumnlatiou in the soil of matters excreted by 
the roots of the first crops. Most of these facts, however, may be otherwise explamol 
Direct experiments have led to contradictory results, and those which seem to affirm 
the existence of an excretive function have been expbuned away by supposing the roots 
in such cases to have been inj'ured. Oauvet (Ann Seienc. Nat Bot. [iv.] xv.) decides 
that the roots of plants, when sound, do not throw off any part of either poisonous or 
innocuous substances taken in by the plant in any way. 

Tho class of Fungi and the leafless Parasites differ materially in their vital pheao- 
inen.1 from other plants, aud in some respects closely resemble animals They receive 
httlo or no solar energy; they do not consume carbonic aeid, theji do not give off 
oxygen , they do not live tfn simple compounds of carbon .uid of nitrogen On the 
eunlrary, tboy live either on decomposing organic matter or on the elaborated jmces of 
plants, and they absorb oxygen from the atmosphere, gniug b.ick eurbonic acid in 
return They differ from animals inasmuch as they expend but little force either in 
movement or as beat. Tho force they absorb in tlieir nutument stiU remains for 
tile most part within them bodies as latent energy. Honoe the rapid growth of many 
of them 

It is evidently not witliin onr present powers to draw a balance between tho amoimt 
of foreo received by a jilant as income on tho one baud, and the latent energy 
possessed by the plant itself pins the fi action expended dnriiig its life-time on the 
other. This only is clear, th.it the solar energy is moie than suificiont to account for 
the vegetahle power Helmholtz (Lectures Mud G.iz 1804, i p 499), making a 
comparison between the total amount of solar energy falling on .in aero of ground during 
the year, aud tho amount of force derivable from the plants grown on that aero during 
tho same time, finds the latter only j^th part of tho former. 

The obstacles attending any attempt to draw a balance of material are also much 
greater than is the case with animals, since, in addition to atniospherio diflficultics, 
trouble is mot with in the f.iet that a plant, in order to flounsh naturuEy, must be 
plaoi'd in a soil of a most eompicx character, out of which it extracts only a small 
portion for its own use. But such a balance, though wholly necessary for the purpose 
of investigating the nutrition of animals, is almost superfluous lu tho case of plants, 
Binco mth tho latter a different method of observation may bo adopted Instead of 
inferring the state of the capital from a eompanson between income and waste, we can 
m dealing with pl.ints, make a direct analyaie of the capital, aud so datocmina tho 
variations it from time to time suffers thioiigh changes in the income, for those 
plants, conceming whose untrition knowledge is most desn-ahlo, being generaEy grown 
in crops, a sufficient number of specimens c.in always readily be taken for examin.itiou. 

The income may be roughly considered ns consisting of throe chief factors, solar 
energy, carbonic acid, and sod m.aterials (indiiding, na aqueous soil, the water in which 
aquatic pliaits live), and the process of nutrition as a function of all three. Tho total 
fiiihu'O of any one of the three entails n sjieody death; the comparative foilure 
diminishes grow th , increase of any one of the three augments the nutrition of the 
plant within certain hmits The accumnlation of vegetable products of aU kinds is 
dependent upon each aud aE of these factors Thus the presence of carbonic acid is 
necessary for the development not qjily of carbon, hut also of nitrogen-compounds, 
and inversely the amuiint of carbo-hydrates stored up by a plant will depend upon tho 
nitrogen as weE as the c.irbou of its food. 

Seeing that plants are, in a hioad sense, store-houses of carbon, the importanoa of 
carboiuc acid (whether derived from air or soil) as a frictor of nutrition cannot be over- 
looked. Plants entirely deprived of carbonic acid cease to live, while an increase of 
th.it body increnses vegetation. A limit however to tUo boneflcial results of incceaso 
in tho carbonic acid of tho atmosphei'o surrounding plants in soon reached, since 
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oxygen also is a necessary dement of vcgetaWe Me, and to the respiration, as it has 
been called, of plants as to that of animals, more than a certain percentage of carhonio 
acid in the air m iiqnrions The presence of light is absolutely essential to the accu- 
mulation of fresh material in the body of a plant In its absence tlie oxidising pro. 
cesses become prominent and a certain amount of morphological change and even 
chemical transformation of material can tahe place This is rery well shown 
hy the experiments of Bonssingault (Ann. Sc Nat. [t] i p. 31i) on beans grown 
on a prepared soil m light and in darkness In the light, a seed weighing -922 grm. 
grew in 25 days to a plant whose diy weight was 1 293 grm , shonnng an mcrease of 
•871 grm. which consisted of 1926 grm carbon, -02 grm hydrogen, and 1691 
oxygen. In the dark a seed weighing '926 grm grew in the same time and under the 
same condibous, except those of hght, to a plant weighing when dried, •666 gnn., 
showing a loss of •360 grm., which consisted of 1698 carbon, -0232 hydrogen, ■1788 
oxygen. In the light there was a stormg np of the elements of carbonic acid and 
water ; ni the dark a waste of the same. In the light the deoxidising or purely rege- 
teblo process was predominant ; m the dark the oxidising or purely animal process. 
The latter supplied the force requisite for the partial development of the plant. The 
nature of the chemical transformations taking place m darlmess is shown by the 
following composition of beans and bean plants after 21 days’ growth m darkness 

Seed. Total weight. Starch. Sugar. Cellulose. Oil maM™l 

Seed . . 8-636 6'386 . . -616 -Aes 880 -166 

Plant (dried). 4'629 777 -953 1-316 -leo -880 >166 

There was therefore a production of ceUuloee out of starch during darkness. The influ- 
enoB of the absence or presence of hght on the development of various vegetable pro- 
ducts, particularly of those which may be regarded as retained excretions, such as the 
alkaloids, is well known. Bous-cmgault regards the asparagine which is accumulated 
in beans growing in darkness as the vegetuble physiological analogue of the animal urea. 

The soil-matenals may be divided into the “nitrogenous ” end “ minfii'al." Nitrogen 
is an essential element in the food of plants, and as we have seen, is probably derived 
ftoin the soil. Though the quantity of it present in the seed may in many oases serve 
for the puiTOses of nutrition until the plant has arrived at a considerable bulk and 
accumulated a large stock of carbon-compounds, a limit is at lost reached beyond which, 
without a further supply of nitrogen, no further growth can take place This is very 
well shown ^ the experiments of Stohm an n (foe oii ) and of Lawes and Gilbert 
(foe Oft). The results of the last observers show a very close connection between the 
presence of nitrogenous bodies (ammonia) in the soil and the accumulation in the plant 
not only of nitrogen hut also of carbon-compounds The increase in oarbohydi’ates is 
however by no means proportionate to the gain m nitrogen. A large amount of the 
former is very often amassed by means of a very smA quantity of the latter In 
animals nitrogen is always in the foreground, and is, so to speak, the guide and 
governor of the total metamorphosis : in plants nitrogen is in the hack-ground, and is, 
as far as quantity is concerned, the meanest of the factors of nutrition 

“ Mineral matters,” on the conti’ary, while they hold a very subordinate position as 
food-elements in the case of animals, are of primary importance for the nutrition of 
plants. Their influence is very clearly shown by growing a plant in distilled water or 
prepared soil For a while there may be observed a growth consisting partly in the 
transformation of the contents of the seed and partly in the storing up of new material 
through the agency of the unoccupied mineral matter there aocumulatotl , hut, as soon 
as these are exliaustad, no new stuff is formed and the plant thereupon speedily perishes. 
Ah plants have not the same mineral constituents, each species seeming to make a 
qualitative and quantitative selection from the soil of material best fitted for its wel- 
fare. So fundamental is this law that plants are often spoken of as lime-plants, sUi- 
eious plants, potash-plants, &e And Stohmann (foe mt.) has shown by direct 
expenments that, in the ease of maize for instance, all the mineral food elements hiivo 
an independent value, that potash cannot supply the place of soda, nor magnesia that 
of lime, nor lime that of magnesia. But, though aU the mineral constituents of a plant 
are necessary for its growth, they are not aU of emial value as factors of nutrition. The 
ashes of a plant are not, like the skeleton of an animal, merely the framework of its 
body , minerals are not absorbed from the soil simply for the purpose of building up 
such a framework. On the contrary, they are closely mterwoven with and intimately 
connected with the formation of organic compounds, and their chief fiinction in the 
vegetable economy is to assist in the construction of those compounds In other words, 
the growth of a plant, that is more paitieularly the manufacture of vegetable products, 
is a function of its mineral food elements Some of these minerals axe more active in 
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ftis way than others, and certain elements ate espedally associated with certain pro- 
ducts. TJius there is reason to behere that the alkalis are peculiarly connected noth 
the formation of the eurbohydrates, phosphates mth that of protein matters, &c. 
That 18 to say, an increased absorption or assimilation of alkalis is equivalent to an 
increased ftirniation of carbohydrates, &c In the ease of some other minerals, no such 
connection can he traced. Thus Sachs found that maize, wluoh generally contains 
18 26 per cent of silica in its ash, would when debarred from the same attain its usual 
height and bull!:, and bear seeds capable of germination with only 7 per cent. 

' Inasmuch as the oxidising and destmotive portion of vegetable life is quite as 
essential to the growth and welfare of a plant as the deoxidising portion which more 
du'cotly leads to the storing up of material, oxygen must also he considered as a factor 
of the nutation of plants. 

All these factors are absolutely essential, though, as has been said, of unequal value. 
The effects ot increments of each placed at the disposal of a plant wdl he limited 
partly by the nature of the factor itself, and partly by the disposition of other factors. 
Thus increase of “minerals ” may in certain cases prove effectual far beyond any 
increase in “ lutrogououa matters,” but the effect wdl depend moat closely on the 
amount of eorbonio acid and sohir energy available for use. So carbonic acid and solar 
energy are limited in their usefulness by the absence of soil-materials. Practically 
speaking, however, the earhonio aeid of the atmosphere and solar energy are beyond 
the control of man. Consequently the nutrition of plants is modified by him through 
variations in soil-materials (See Mantoibs ) 

The senes of changes through which the inorgauio elements of the food pass into 
the organic vegetable products are very imperfectly known The non-mtrogenous 
products probably behave as follows. The mmeral matters and water absorbed bythe 
roots pass upwards as crude sap into the loaves and other cldorophyll-containing organs. 
Here, under the influence of the solar rays, they mingle with carbonic acid derived from 
the atmosphere, and processes are set up which result in the libciatiou of a certain 
quantity of oxygen and the detention of carbon and hydrogen as constituents of certain 
oigduio compounds. These resulting compounds may be either deposited in theleaves 
ns starch, &a, or pass to other parts of the plant as nutritious elaborated sap, to be 
deposited or consumed as occasion demands. The presence of chlorophyll seems to be 
essential to the aceomphshnient of tbo metamorphosis Thus, when a seed is allowed 
to germinate in the, dark, a limited growth takes place, as tlie result not of any forma- 
tion of new material, but of a transpUntation of tbo old. No chlorophyll is produced, no 
starch , no carbonic acid is absorbed, no oxygen liberated When all the protein sub- 
stance, starch, dso, of the seed has been transplanted into the stem and leaves and 
deposited there as protoplasm, cellulose, &c , the plant perishes for lack of food If, 
however, hefoiothat ocoui'S, it he exposed to light, certain granules of chlorophyll, 
previously deposited in the protoplasm of some of the leaf-cells and possessine a yellow 
colour, gradually hoeome green If the light be insufficient, no progress is made beyond 
tins stage, and the plant in this case too perishes by starvation With more light 
starch is formed in the chlorophyll, and the plant lives and flourishes Since only in 
the p,irts where chlorophyll exists is carbonic acid absorbed and oxygen liberated, and 
since only when there is chlorophyll somewhere in the plant is there any formation of 
starch at all, it seems reasonable to suppose that the presence of chlorophyll is essen- 
tial to the constaietion of starch, ond that when starch aceumulates m any part free 
from chlorophyll, it has been carried thither from elsewhere, not generated on the spot. 
The fact that the green (chloropliyUie) parts of plains absorb the so-called actinic rays 
of the spectrum, has been considered a proof that these rays alone eontribiito the force 
required for the liberation of oxygen from the carbonic acid Draper and Danbeny, 
however, maintain from direct experiments tliat only or chiefly the luminous rays are 
concerned in the pioeeaa. And it is uncertain to what part of the apoctaim is due the 
change to green chlorophyll from its yellow or nncoloiired antecedents, and whether 
particular rays have any influence m determining the formation of particular vonetiee 
of the carbohydrates and other compounds 

Opinions concerning the share taken in the deoxidising process by the mmeral 
constitiionts and the exact stages passed through by the carbon are piu'ely theoretical. 
It is unknown whether the oxygen arises from a direct cleaving of the carbonic acid or 
whether it is thrown off at the end of, or by fractious m the course of, a long senes of 
changes. It has been suggested that the carbohydrates may be formed by the carbon 
passing through a senes of acids of increasing carbon-power for which the alkahs, &c. 
(apparently so closely oonneoted witli the carbohydrates) seiTo as bases. 

The observations of Lawes and Gilbert (Phil Tmns 1861, li p 403) show the 
peat rapidity with which carbonic acid is reduced in the light, and oxygen consumed 
in the dark, and support the opinion that '* there can he little oi no oxygon m the living 
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cells of plants during the night or ditting doudy days ” They also suggest the “ idea that 
there may be during exposnie to Ught, in the outer cells ■which are penetrated by the 
sun’s rays, a reduction of carbonic acid ■with fixation of carbon and evolution of oxygen, 
at the same tune that in the deeper cells there is taking place the converse process of 
bxidation of oatbon and formation of carbonic acid ” In such case the oxygen of the 
outer cells would pass inwards, oxidising the more deeply deposited carbon compounds, 
while the carbonic acid of the inner cells would pass outwai-M to be there reduced. 

Some ■writers attribute much importance to the fact of many oloments being sot free 
during the organic changes in a “ nascent condition " 

The career of the nitrogenous elements of the plants’ food is also obscure. It has been 
supposed that the nitric acid and ammonia absorbed by the roots pass ■with the rest of 
the mineral eonstituents up to the leaves, and are there elaborated into protem eom- 
pomids which either remain as parts of the leaves or become factors of the nutritious 
sap. A large portion of the nitrogenons material of a growing plant ■will be found in 
the form of a conahtnent of the so-called protoplasm, the semi-flnid occupant of the 
vegetable cell. In the ■ntidistie theories this protoplasm is endued with' a plastic force, 
a power of monlchng the form propel bo the phint, and is sometimes spoken of as presid- 
ing oTor the nutritive changes. 

The changes tiirough wmch ammonia or nitric acid, ■with snlphurie or phosphone 
acid, assumes the form of protein-substance ere wholly luiknown. 

The nntritivo processes of a plant are not the same, nor is its composition identical 
at all epochs of its life. Young plants are neh m nlkahs, old ones in earthy and me- ' 
tttlho oxides (G-arrean, Ann. Sc Nat [4] liii — Oorenwinder, tiiti xiv.). The 
“ active principles " elaborated by certain plants often appear at particular ages onlv. 
The plioiiomona of "migration ” play a very important part duiing the ■whole of tfis 
plant’s existence. Thus, during germination, the protein matter or cdom-on of the seed 
becomes liquefied and the starch is converted into dextrm, and perhaps into sugar mth 
evolution of carbonic acid. , The semi-hquid mass formed by tile mixture of these 
bodies then migrates mto the growing cotyledons, stem and root, or rather forms them 
by the extension of itself through chemical and morphological changes resulting in the 
building up of cellulose and cells. There is no loss of protein-matter during this trans- 
action, W the sum. of the starch, dextiin, sugar and cellulose of the plant are together . 
less than ths starch of the original seed. Solar energy, oarbouio acid, and soil-mate- 
rials being present, new matenal is constructed and growth proceeds, As the leaves 
■wither and die, a certain amount of material, namely the protoplasm, is ■withdrawn 
from them and migrates to the still living organs. Hence, dead leaves consist mostly 
of cellulose mth certain other matters peculiarly connected ■with that substance, pro- 
tein, starch., and sugar, alkaUs, and pihosphoric amd, being left in exceedingly small 
quantities. As hfe advances, growtli will for a certain time take place chiefly in the 
leaves as distinguished from the roots Thus Anderson foimd that in turnips grow- 
ing ftom July 7 to August 11, the leaves increased more than four times as fast as the 
roots. At a later epoch the process is reversed. In turnips a-o^wing from August 11 to 
September 1, the roots increased nearly twice as fast as the leaves. That is to say, of 
the matenal elaborated by the leaves, a very large proportion did not remain, in those 
organs but migrated to the roots. In turnips growing from Septsmhor 1 to October 6, 
the leaves were found to have decreased in weight, some leaves in fact had ■withered and 
fallen off, hut the roots had vastly increased In other words, the migration ftom the 
leaves to tho root had been very active, the latter organs acting as storehouses for the 
stuffl constmetod in the former. Further on in life another change talcos place. The 
material amassed m the root migrates once more mto the leaves, when these are formed 
a^iu with the return of warmth Finally, tho plant flowers and seeds, material is 
withdra^wn from both leaves and root, takes its last migratipn, and finds its last 
resting-place m its first staitmg-plaee, the albumen of the seed , the dead leaves and 
atom ropresentmg very little more than so much cellulose. A very similar migration 
may ha traced m tho storing up of starch m the tuber of tho potato, in the stem of 
the palm, and in a multitude of other instances. ‘ The history of the metamorphosis 
and migration of material in oUvas has been traced by De Luca (Ann. Sc. Nat. 
(iv.), xviii.). Manmta appears in the young olive leaves at first in very small quan- 
tities, hut increases in amount as development proceeds until the epoch of flowering, 
when it begins to dimmish. By the time the leaves are withered it .has nearly dis- 
appeared. It 18 also found in young flowers, but disappears as they reach perfection. 
It oecitts, too, in the unripa fruit, hut gives place to oil during maturation A very 
close connection is observed between chlorophyll and maniute on the one hand, and 
between mannite and oil on the other, the mode of the development of the latter being 
thus indicated. M. F. 

KUTTAllTB. Syn. irith SoAPOllTB. 
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jjTTX vomica. See Stbtohnos. 

NVMPHALa.. The ash of the leaves and stallcs of Nymphaa alba and N. lulea has 
been analysed by Sohttlz-I'leeth (Pogg. Ann Ixxxiv. 80). — 

K20. N«20. C»0. MgO. Fc«0’. SO». SiO«. COa. P»0». KCL NaCl. 

^eaveS^aiid^stTlSl^^®’* “ '■®® ‘’■*1 ^ ^ ®® 2-78 = 06 23 

N. lutea . old ienves 17 91 — 80 00 3 61 0 16 1-39 1-16 98 26 iOS 4-88 7-38 = OO'SS 

"anditalkT”!}'*^* ’S'®®. “■•6 “‘6® — 99-66 = 86-80 

The young leaves and stalks of N. lutea yielded, after drying, 7 96 per cent, ash, the 
old loaves of the same 10-lfi per cent., and the leaves and stSks of A. alia 12-99 per 
cent. 


0 . 


OATS. See CEBinALa (i. 82S). 

OBSXSIAXT and PUMICE. Obsidian is a glassy mocUfication of fclspathic or 
traohytio kva Pumice is a porous, fibrous, capillary or tumefied mass, produced by 
the operation of various estoi-nal agencies, chiefiy aqueous vapour and a certam tem- 
peratime, on these lavas while in the fluid state. Many obsidians, when igmtod in lumps, 
hocoma hnglitly luoandesoont, and swell up to a tumefied mass of pumice, which, 
according to Abich, is more like natural pumice in propoi-tion as the mineral contains 
less silica and more alkali. Pulverised obsidian does not exlubit these phenomena, 
hut merely turns brown. Obsidians heated above the point at which the formation of 
pumice takes place, melt to a groenisli glass Similar glasses are also formed by the 
natiu-iil fusion of pumice. Both pumice ond obsidian appear to be hnt little attacked 
by acids 

These minerals may bo dridded into two groups: — ^A. Those in which the silica 
amounts to about 60 per cent, less therefore than in glassy felspar (li 620), the 
pumices belonging to this group are tumefied, and have a dirty white or grey-green 
colour. — B Those in which the silica amounts to 70-S0 per cent , the pumices belong- 
ing to this division are fibro-capillnry, white, and have a silky lustre. 

a. Obsidian from Teneriffe- specific gravity 2 628 (Abieh, Geolog tTnters. p. 62). 
—h Pumice from the same- specific gravity Hll (AbichJ. — o. Pumice ft-om the 
Phlegrrean Pields . specific gravity 2 411 ^Abicli). — d. Pumice from Llactaounga, at 
the foot of Cotopaxi (Abich).— c. Obsidian from Lipan; specific gravity 2 370 — 
f. Pumice from the same specifle gi-avity 2-77 (Ahioh) — <7. Ohsidiau porphyry from 
the greater Ararat (Abich) — h. Obsidian from Moldavia, Bohemia (v. Hauer, 
Jalu-b. Geol. Eoiehaanst, v. 868). 


Silica . , 61 18 62-26 

Alumina . 19 05 16 43 

Perrio oxide . 4-22 4-28 

Mangamo oxide 0 33 0 23 

Lime . . 0 59 0 62 

Magnesia . 0 19 0 79 

Soda . . 10-63 11-26 

Potash . . 3 60 2 97 

Cldorine. . 0-30 1 „ 

Water . . 0 04S 


62-04 73 77 
16 66 10 83 
4-43Fe*0 1-80 


100 03 99-33 98 94 99 98 


With 70-80 per cent, silica. 

C. /. <7. h. 


74-06 73 70 

12 97 12 27 

2 73 2-31 

0-12 0-66 

0 28 0 39 

4-16 4 62 

6 11 4-73 

0 31 0 31 

0-22 122 

99-94 100-00 


77 60 79-12 

1179 1136 

2-17 2-64 

1-40 4'45 

— 1-48 

4 21 1-21 

2 30 


99-47 100-26 


The dose agreement between the analyses of obsidian and pumice from the same 
locality, for example a, b and c, /, shows that the two are merely modificahous of the 
same mmeral. 

The analyses show also that obsidian and pumice consist mainly of felspathio sub- 
stance; they always, however, contain small quantities of earths and iron-oxides, 
indicating an admixture of augite, olivin and magnetic iron ore. The obsidian and 
pumice of Tenoiiffe (a, b) consist olmoist entirely of oligoclase, which mmeral likewise 



170 


OCHRAN— OCTYL, HYDRATE OP. 

oocuia pure in the midat of them. The pumice of the Phlegraean fields (o), also that 
of Ischia, Proeida, and the Toleano of Are^uipa mBohvia, -which contain hut little more 
than 60 pen cent, sihca, also consist mainly of oligocliiso more or less pure The 
mmerals of the division B, which contain a rather largo proportion of potash, appear 
to'bo mixtures of free silica with ohgodase and glassy felspar (ii 620) The water in 
pumioe is merely hygroscopic. The small quantities of chlorine are present as ehloiide 
of sodium or ehlonde of ammonium, which salts are fiiequently found in and upon lava. 

The pumice from the neighbourhood of Lake Laaeh, analysed hy S ohaf f er, exhibits 
a composition different from the procedmg, containing only about 60-S8 per cent, 
siliea ; and two specimens of obsidian from Sie great volcano of Hawaii differ still more 
in composition thorefr’om. A capillary variety yielded 61'19 per cent, sdica, 30'2j 
ferrous oxide, and 18'16 magnesia (= 99'61); a glassy variety, 39 74 sihoa, 10'55 
alumina, 22 29 ferrous oxide, 274 lime, 2‘40 magnesia, 21’62 soda, and 0 S3 water 
(= 99'67). The former appears to be an augite, (Mg; Fe)"SiO*, the latter is also 
probably an augite, but with an nnusuolly largo quantity of soda. (Eammelsberg’ s 
mneraklmiie, p. 637.) 

OCBKAItr. A variety of bole fr;om Orawicza in the Bannat, containing 3P3 per 
cent, sdica, 43-0 alnmma, 1-2 ferric oxido, and 21-0 water. (Kersten.) 

OOHBB. A term applied to many metaUio oxides occunng in an earthy or 
pulverulent form e g. iron or red ochre, molybdie ochre, &c. 

OOBBOITS. An impure eerite mixed -with quartz, analysed by Klaproth. 

OCBOTA Olli or CAMPHOH. Syn. with Laubin or Bat-bbeby Cambhob 
( iii. 476). 

OOTAHEDRXTE. Syn. With Anatasb (i. 289). 

OCTTK. Capryl C‘H”— The eighth aloohol-radiole of the series 
According to Boms (Compt rend, xxiviii, 736) it may be separated from the ehlonde, 
C®H''C1, by the acetate of sodium m the cold. In the fi-ee state it is represented by 
the formula (see Aloohol-eahiclbs, i 96), and is isomeric, or perhaps identical 
with hydride of cetyl, C’E”. H (see Hyi>eidb3, m. 182) 

OOTTXi, BRomiBE OP. C'E^IBr.— Obtained by treating octylio alcohol with 
bromine and phosphorus. It is an oily hquid, smelling like the chloride, heavier than 
water, insoluble in water, soluble m alcohol. It hoila with decomposition at 190°, 
and leaves a caihonaceous residue when distlEed; burns with a smoky green-edged 
flame. It is decomposed hy_ potash, yielding bromide of potassium and octjiho alcohol, 
and precipitates sfiver-snlts in alcohoho solution, hut more slowly than the iodide. 

OCTYIi, CRBORISE OP. 0*H"C1.— Produced: 1 By the action of hydro- 
chloric acid or pentachloride of phosphorus on octylic alcohol (Bouis, Ann. Oh. Phys. 
[8] xliv. 128).— 2. By that of bydrochlorio acid upon oetylene (Berthelot, Ann. Oh. 
Pharm.oiv. 186). — 3. By the action of chlorine on hydride of octyl (Sohorlemmer, 
Chem Soo. J. xv. 419) , at the boding heat (Wurtz, Jahresh. 1863, p. 609) at 40° — 
60°, avoiding an excess of chlorine (Pelonze and Oahonrs, Ann. Oh. Pharm. oxxix 
91). It is a colourless Hqnid, lighter than water, and emelling hke oranges. Specific 
gravity O’802 at 18° (Sehorlemmer); 0 895 at 16° (Pelouze and Cahours). 
Bods at 176° (Boms); at 170° — 172° (Sehorlemmer), 168° — 172° (Pelouze and 
Cahours), at 162° — 107° (Wurtz). It hums witha smo% green-edged flame, forming 
hy droehlono acid , does not precipitate sdver-salta , is decomposed by potassium or sodium 
in the cold, yielding octyl [or hydride of cetyl] C'“H“ ; hut when it is heated -with sodium 
the metal assumes a violet colour, hydrogen is evolved, and if the distilled hqmd be 
repeatedly distilled -with sodium till aU the ehlonne is removed from it, the produet 
idtimately obtained is oetylene G“H’“ (Bouis). Chloride of ootyl prepared from the 
hydride exhibits the same reaction as that obtained friom the deohol ; when heated 
with alcohol and acetate of potassium, it is resolved into oetylene and ootyho acetate. 
(Pelouze and Cahours.) 

OCTYrx., HYBRAX& OP. Oetglw Alcohol Gaprylic Alcohol. C*H‘’H.O. 
— This alcohol is obtained, according to Bouis and other chemists, by distUhng reei- 
noleate of potassium or sodium with excess of caustic alkali. Others again assert that 
the volatile products of this reaction are heplyho alcohol, G'H‘“0, and methyl-cenanthyl, 
Cffi'C. These opposite mews have already been discussed m connection -with heptylio 
alcohol (ill. 144). As there observed, we must suppose, pending the farther investi- 
gation of the subject, that one or the other of these alcohols is produced, according to 
the particular cireumstances of the reaction. The mode of preparation has been already 
described (loo. cit). According to Limprieht (Ann. Cb. Pharm. xciii. 242), the 
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separation of the methyl-mnaatliyl formed at the same time, is never eompletely 
effected by means of acid sulphite of sodinm, on account of the greasy nature of the 
compound formed , and the only way of effectually removing this acetone is that 
adopted hy Bouis, which consists in repeatedly distiUing the hquid over fresh lumps 
of caustic potash as long as any brown substance remains in the residue. 

Octyhe alcohol is also produced by distilling acetate of octyl (obtained from 
Amencan petroleum) with potash (Pelouze and Cahours, loc ctt.) 

Octyhe alcohol is a colourless transparent oily hquid, having a strong aromatic 
odour and making grease-spots on paper. It has no action on polarised hght 
(Bouis). It boils at 180“ (Bouis) ; at 179° (Moschnin, Squirs); at 180°— 184° 
(Pelouze and Gahonrs) ^eeiflc gravity = 0'823 at 17° (Boms), 0'826 at 16° 
(Pelouzo and Oahours) Vaponr-densi^ ohs. = 4 S6 (Bouis), calc. = 4 61. 
its composition is as follows : * 

Calculated, Boule Moichnln. Dachauar. 

(? 96 73-84 78 46 73-64 73 8 

H'« 18 13 84 13 88 13-8 ' 13 9 

0 16 12-32 12 66 12-66 12-3 

C»H'«0 130 100-00 100 00 100 00 100 0 

D a oh an er, hy dissolving sodium in the alcohol (puriBed by treatment with acid 
sulphite of sodium) and treating the resulting mass with cliloride of acetyl obtained 
acetate of octyl containing 70-0 per cent carbon, and 11 9 hydrogen, the formula 
C“H''(C'H'’)0’ requirmg 69 7 carbon, and 11-6 hydrogen. 

Ootylio aloolnl is insoluhle in water, but dissolves in alcohol, ether, and wood-spini, 
and very readily in acctio acid. It dissolves phosphorus, sulphur, todtne, fused 
chloride of sine, fats, resins, and copal It rapidly absorbs hydrocUono aetd gns, 
which however it gives off again when heated. It comhines with cUoride of calmum, 
forming very deliquescent prisms, which dissolve in cold more fi-eely than in hot 
ootylio alcohol, and are decomposed by water. (Boms.) 

Ootylio uloohol, when free from methyl-mnantliyl, is not altered by exposure to the utr, 
or bypassing oxygen through it at the boiling heat (Bonis) It is oxidised by 
nitno acid, yielding various fatty acids. Sulphuno acid dissolves in it, forming oetyl- 
sulpliurio acid, and generally also ootylene and nential octylic sulphate. "Bj fum- 
ing sulphuric aoid it is converted, first nito octyl-sulphiu-ic acid, then, on further action, 
into meta-oetylene (Bouis) Pnsed chloride of sine converts it into oetylene. 
With glacial phosphono acid it yields oetyl-pho.sphoric acid. With hydrocUono acid, 
pcntachloride of phosphorus, bromine arid phosphorus, and iodine and phosphorus, it 
exlubits the usual reactions of alcohols. With potassium (or sodium) it yields a sub- 
stitution-product, Heated with quicklime, it yields hydrogen and aaseous hydro- 
carbons It reduces oxide (hut not nitrate) of stiver, when heated with it, forming a 
metalho mirror. (Bouis.) 

OCTYI., H-irSRiSB OP. C“H'“ = C'»H".H. Eydnde of Capryl.—rhia 
hydrocarbon is one of the constituents of American petroleum, and is found in the 
portion of tlio oil boiling between 116° and 120° (Pelouze and Cahours, Ann, Oh, 
Plurm oxxTii 197 , Jahresh. 1803, p 628) , also among the light, oils obtained by 
distilling Wigan cannel-coal at a low temperature (Sohorlemmer, Chem Soc J. 
XV. 419). It IS produced, together with many of its homologues, hy the action of zino- 
chloncle on amylic alcohol, passing over, together with octylone, in the portion of 
liquid which distils between 110° and 130°; and on beating this distillate with 
bromine, which iiniteb with the oetylene, and distiUing again under a pressure of 20 mm., 
the octyUo hydride passes over at 80° (Wurtz, Ann. Oh. Phiu-m cxxviii 230; 
Jahresh 1863, p 609) It is a colourless hqmd, having a faint ethereal odour, 
boding at 119° (Sohorlemmer), at 116° — -118° (Wnrtz), at 116° — 118° (Pelouze 
and Cahours). Specifio gravity ■= 0-728 at 0° (Wnrtz). Vapoiu'-density 4 01 
(Wui-tz), calc = 3'047. Chlorine converts it into chlondo of octyl 

OCTYI., lOSXDE! OP. C»H”I. (Bouis, Ann Ch Phys. [3] xHv. 131. 
— Squire, Ohem. Soe. Qii. J vn 108 ) — Obtained hy the achon of iodine and phos- 
phorus on octyhe alcohol It is an ody bquid, having an odour of oranges, boding 
with decomposition at 2ll“ (Bonis), at 190° (Squire) Specific gravity = 1 31 at 
16° (Bouis). It hums with a smoky flame, and turns red on exposui-o to hght. 
Heated with alcoholic ammonia, ityields hydriodata of octylamine (Squire, Cahours, 
Bouis); if the octyhe iodide is m excess, di- and tn-octylamino are hkewise formed 
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OCTYL, OXIDE OF— OCTYLENE. 

(B 0 ui a). With sodium or potasmum, it behaves like the ohlorida. Heated mth pra- 
tosidphide of sodium in alcoholio aolntion, it forma sulphide of oetyl and iodide of 
sodium. Heated with mmury, it yields mercurous iodide, octylene, and free hydrogen. 
Its alcoholio solution precipitates sdver-salts. (Bouis ) 

OCTYIi, OXIDB OP. (C*H'')“0 ? — Obtained, though not pure, by distUIing 
octylate of sodium with chloride of oetyl; also by distimng octyho alcohol with 
sulphuric acid, tho acid being heated in a retort and the alcohol allowed to flow in 
slowly. (Bouis.) 

OCTYI., SUI.PHIBS OP. (C!"H")2S.— When an alcoholic solution of proto- 
sulphide of sodium 13 heated with iodide of octjll, tiU the mixture becomes turbid, 
sulphide of octyl sroarates as an ofly hquid, hghter than water, and having an 
unpleasant odour. It is slightly soluble in slrohol; decomposes when heated. 
(Boui s.) 

OCTYBAIHIKTa. Oaprylamim. 0»H'»N =. C‘H''.H’.H. (W. S. Squire, 

Chem. See. Qu J vii. 108. — Oahours, Ann. Oh. Pharm. xcii. 800. — Bouis, 
Ann. Ch. Phys, [3] xliv. 130. — ^Pelouze and Oahours, Jaliresh. 1863, p, 529.) — A 
hose produced by heating alcoholic ammonia with iodide of oetyl (Squire, Oahours, 
Bouis), or with the clilonde (Polouze and Oahours) ; also by distiUlng a mixture 
of oetylaulphnte and cyanate of potassium, and troatmg tho resulting dishflate (which 
crystaUiaes readily, and probably consists of cyanate and oyanurate of octyl) with 
potash. (Bouis) 

Ootylamino is a oolourloss, bitter, very caustic, inflammable liquid, having an ammo- 
ninetil fishy odour. Specific gravity 0‘78fl (Squire). Boihng point 164° (Squire) ; 
172°— 176° (Oahours), 176° (Bouie)_, 168°— 172° (Pelouze and Oahours). 
Ootylamme is insoluble in water It precipitates metaUic salts, and dissolves chloride 
of silver. With iodide of octyl, it yields di- and tn-octylnmine. With the chlorides of 
henzoyl and cimyl, it forms octyl-bonzamide and octyl-oumyhimide. (Oalioura.) 

Ootyhiinine unites rendity with acids. The hyd/riodaU, O’ff'NI, forms large plates, 
easily soluble in water The hydrocklorate, C’H^Ol, is very deliquescent, but ulti- 
mately crystallises in vacuo, in large nacreous plates. The clUoroaurate, C'ff'NAuOP, 
is deposited from dilute solutions m shining yellow laminBB resembhng iodide of load- 
The chlo/roplaiinate, (0*H“N)’Pt01*, separates from boiling solutions in shining golden- 
yellow soalos ox largo thin plates, easily soluble in alcohol and ether. Tho nitrate, 
and sulphate, (C*H’“N)*SO'‘, are erystallisable and readily soluble in 

water. 

OCTYXXtnrs. Caprylene, C'H’“ — This hydrocarbon is produced, as already men- 
tioned, by heatmg octyhc alcohol with sulphune aeid or fnsed ohloride of zmo (B o u i s) ; 
by heating iodide or chloride of octyl with sodium or mercury (Boms), by boating 
chloride of oetyl with aloohohe potash (Pel ouzo and Oahours) , also, together with 
several other olefines and many alcohohe hydrides, by the action of ohlorida of zmo on 
amylio alcohol (Wurtz). It is also formed together with hydrogen, marsh-gas, and 
other gaseous hydrocarbons, when pelargonio acid is distilled with potash-hme, conati- 
tutmg the greater part of the liquid diatillato thua obtained, which passes over between 
106° and 110° (Oahours, Oompt rend, xxxi. 143). It may he obtained in like 
manner from otner fatty acids, viz. oenanthylic, capi^lic, pahmbo acid, &c., and 
appears to be produced in the distillation of most ftxod oils. 

Octylene is a very mohilo oil, lighter than water and insoluble therein, very soluble 
in alcohol and ether. It boils without dpcomposition at 128° (Bouis), at 116° — 
120° (Oahours), at 118° — 120° (Pelouze and Oahours), below 120° (Wurtz) ; 
at 115° — 117° (Schorlemmer). Vapour-density, obs. = 3‘86 — 3'90 (Boms); 4 0 
(Wurtz), 4-17 (Schorlemmer), calc = 3 878. It burns with a very bright flame. 

It is violently attacked by strong mtrio acid, yielding mtro- and dimtro-octylene 
(Oahours). When treated first with sesqui-hydrated nitric acid, 2Hif0s,3H“0, and 
then with a mixture of fuming nitric acid and oil of vitriol, it yields dinitro-ootylone, 
0“H"(NO’)'', which, after waSung and diying, forms an oily hquid, heavier than water, 
and slightly soluble in water, forming a solution having a strongly irritating odour. It 
IS decomposodhy distillation, giving off red vapours, leaving a black residue, and yield- 
ing a distillate of nitro-ootylene, C"H'''NO’, a hqmd posaessing similar properties. 
Octylene is not attacked by sodium, but if4iry cUonne yas is'pass^ into the liquid, a 
violet-coloured compound having the composition CH'^Olira* or C®H'“ira NaCl, is 
formed, with evolution of hydrogen. With iodine and bromine, eorrespondmg com- 
ponnda are formed. (Bouis ) 

IVEeta-ootylene, 0'‘H” ?— A hydrocarbon polymerio with octylene, obtained by the 
proloi^ed action of foming sulphune acid on ootylic alcohol AVhen purified by wash- 
ing ivith water, alcohol and aqueous potash, it forms a colouiioss inodorous hquid of 
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Bpeoifio gravity 0'814 at 15°, and toiluig with decomposition at 250°. It is insoluble 
in water, nearly insoluble in cold alcobol, burns with a bright flame, is not acted on by 
boihng potash. (Boms.) 

OCXYIiBWHi ACBTATU OB. Obtained by heating 

an ethereal solution of the bromide with acetate of silver to 100°. It is a tluck oily 
liquid, boiling between 240° and 246° (Wurtz), 245° and 260° (De Clermont). 

OOTBI.EWB, BBOiaiDB OB. C*ff“Br®. — ^Produced by direct combination 
(fl g by the action of bromine on the mixture of octylene and octyhc hydride occurring 
amongst the products of the decomposition of amyhc alcohol by chloride of zinc) It 
is an amber-coloured heavy hqmd, which cannot be distilled without decomposition, 
even in rarefied air. (Wurtz) 

OCTBliBIOrB, HTBRATB OB. C‘a:'“0° = (C“Hi“)".H2.0» Octglic Glyool. 
Ootylmie alcolml. (P D o Clermont, Compt. rend. lix. 80 , A n n . Oh, Pharni. Siippl. iii. 
264 ) — Obtained by decomposing the acetate with finely pulverised potash added by small 
portions, distilling in an oil-bath, repeating the whole process several times, and pimiying 
the product by fractional distillation. It is a thick, oily, colourless, inodorous liquid, 
having a bmaiing aromatic taste, msolublo m water, soluble in alcohol and in ether. 
Specifio gravity = 0'932 at 0°, and 0 920 at 29°. Boils between 236° and 240°. 

OCTTZ.B»rB, HBSBATOCHBORXDS OB. C«H‘’010 = 

OoiyUnio CPilorhydrin , — This compound is formed • 1 By the action of strong hydro- 
cblorio acid on octylenic alcohol, — 2 By the action of hypochlorous acid on octylene. 
The first reaction yields a very impure product. To prepare the compound by the 
second, pure octylene is added to a solution containing 2 or 3 psr cent. hypoeWorous 
acid, obtained, according to the method of Oarins (Ann Ob Pharm. cxivi. 196), by 
agitaring chlorine giis as free as possible from air, with mereuiio oxide previously 
heated to 300°, and suspended m a small quantity of water.* “ 

The product is a mixture of mercuric oxychloride, water, and hydratoehlorido of 
octylene. The latter is extracted by ether, the mercury precipitated hy sulphydno 
acid, the excess of acid neutralised by carbonate of sodium, and the liquid submitted 
to fraotionul distillation The hydratochloride is then obtained nearly pure, in the 
form of an aromatic liquid boilmg between 204° and 208°. (D o Olermont, loo. cit ) 

OCITBA-WASC. A vegetable wax obtained from the fruit of Myristwa oouba, 
offioinahs or sebifera, a plant growing abundantly in the marshy grounds on the shores 
of the Amazon and its tributaries The sboUed frmt, bruised and boiled with water, 
yields from 18 to 19 per cent, of the was., which is yellowish-wlute, of the consistence 
of bees-wax, melts at 86°, dissolves in boiling alcohol. It contains, according to Lowy’s 
analysis, 74'0 per cent, carbon, 11 3 hydrogen, and 14 7 oxygen, but is most probably a 
mixture of different fats It is easily bleached, and is used extensively in Brazil for 
the manufacture of candles. 

OBIH'S'I.. (Anderson, Ann. Ch. Pharm. beta. 370 ) — ^When fats or oils contain- 
ing oleic acid are distiBed with sulphur, afetid oil passes over, which maybe separated 
by reotifleation into several others, the first of wliich is a limpid oil boiling at about 
71° , but the quantity of this brapid oil is but small, and it is not found possible to 
obtain fractions of constant boilmg pomt The crude oil dissolved m alcohol yields 
precipitates with various metaUio salts. 'With merenrio chloride, a white precipitate 
IS formed, yielding by analysis, 14'61 per cent, carbon, 2 72 hydrogen, 60 01 mercury, 
10-26— 10 67 chlorine, and 12'48 sulphur, whence Anderson deduces the formula 
QUIPS' IHgOl -e O^H^S^.Sg-S, regarding the precipitate as a compound of mercurio 
cliloride and mercurous sulphide with the body C“j3“iS'-, which he caiiBml;Mchof odmyl. 
Q-erhardt, on the other hand {Traiti, ii. 637), suggests the formula C‘B?JIgS.HgCl. 
(requiring 14'76 C, 2 80H,61 22 Hg, 11'07 Cl and 10 16 S), leprosenting it as a compound 
of mercuric ehlorida with merenno sulphotetrylate (an.ilogous to moreuric sulphethy- 
late or mercaphde, li. 648) The mercury precipitate suspended in water is blackened 
and decomposed by sulphydric add, and the hqnid yields by distillation a limpid oil, 
lighter than water, and having a repulsive odour like that of certain nmbeUiforous 
plants. This oil (regarded by Anderson as sid^lade of odmyl, but perhaps consisting 

^ • TOe proportions^^requlred are IJ jrma. mercuric oxido to a^Otra of chlor^ne.^ The agination must 
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of tetryl-sulpliydric acid, or tatrylic mercaptan) gircs witli alcoliohe mereuno ehlorida 
a wllito precipitate exactly reaembhug the preceding, and with platmio chloride a 
yellow precipitttte aimilar to that obtained with the limpid oil obtained by rectifying 
the crude sulphuretted oil. 

ODOSIKTE. A volatile baae obtained by Unverdorben from bone-oil. It appears 
to have been impure picolme 

ODOWTOIiITB. See Tuncinois. 

CENAlffTBIG ACID and ETHER. (Liebig and Pelouzo, Ann. Ch Phsrm, 
six. 241, — ^Delffe, tbid. btxx 290) — ^Tho name cnnanthie ether was given by Liebig 
and Pelouze to an ethereal liquid which exists in all wines and is the soiu'ce of their 
peculiar odour, causing a few drops of wine left m a bottle to be distinctly smelt, 
whereas a mixture of pure alcohol and water of the same alcohoho strength ns wine 
has scarcely any odour. Tins ether remains m small quantity as an ody hqmd,* when 
large quantities of wine are distilled ; it may be obtained with greater facility by 
distillmg wino-leee with half its bulk of water, taking earo that the mass does not 
carbonise. The distillate contains a small quantity of free aeid from which it may be 
freed hy washing with aqueous carbonate of sodium. 

When thus purified and dried, oenanthio ether is a very mobile Uqiud, bavmg a very 
strong vinous. odour, ahnoat intoxicating when inhaled. Its taste is very strong and 
disagteeable. It dissolves easily in ether and in alcohol, even when the latter is rather 
dilute, not perceptibly in water. Sp.gr, =. 0 862 (Liebig and Polonzo), 0 8725 at 
16'6° (Delffs). Boils between 225“ and 230“ (L. andP ), at 224“ (Delffs), It gives 
by analysis 70 6 — 71 6 per cent carbon and 11'8 — 12 1 hydrogen, whence Liebig and 
Pelouze deduce the formula (calc. 72 0 per cent. C and 12 0 H), regarding 

the compound as the ethyhc ether of oenauthie acid, Delffs, on the other 

hand, considers it to bo identical with pelargonato of ethyl, or = 

C"H'’(C-H'‘)0“, (reqiiu’ing 71 0 per cent C and 11-8 H). The vapour-density is 9'8 
neoording to Liebig and Pelouze, 7'04 at 270° according to Delffs, the calculated 
vapour-donsity of pelurgonio ether is 6 16 

By treating oenanthio ether with an allcah, and decomposing the product with sul- 
phuiio aoid, oenanthio aeid is obtained as an oil which may bo washed with warm 
water, and dried with chloride of calcium, or m vacuo over oil of vitriol. This 
acid forma at 13“ a colourless buttery mass, melting at a higher temperature to a 
colourless, tasteless, inodorous oil, which reddens litmus, .md dissolves easily in alkalis 
and alkaline carbonates, also in ether and in alcohol It contains, according to Liebig 
and Pelouze, 88'8 — 67'6 per cent carbon, and 11 6 hydrogen, whence they deduce the 
formula (calc. 68‘85 C, and 11 5 H) Delffs, on the other hand, regards it as 

pelargonio acid, C7“Jf'“0' or. C“H“0^ which requires 68-36 0 and llAO H The 
silver-salt gives by analysis 36-7 per cent silver (L. and P.), 27T (Mulder); 40’6 
(Delffs) , pelnrgonate of silver contains 40'76 per cent. 

CEnantliio acid, when distilled, first gives off' a mixture of water and the unaltered 
acid, afterwards the so-called anhydrom (xnanthw amd, in the form of a 

liquid, which begins to bod at 260° solidifies at 31°, and contains, aooording to Liebig 
and Pelouze, 73 3 — H 3 0, and 12’2 H Now, os pelargonie aoid when heated distils 
altogether imaltered, Liebig stdl regards oauanlhio aoid as distmet from pelargonie 
acid. The point, however, reqim-es further investigation, as it is evident that neither 
the acid nor the ether has been obtained pure According to Fischer (Ann. Ch. 
Pharm cxv 247), the so-called cenanthio acid is a raixtuie of eaprio and caprylio acids. 

Cbloroenanthlo Aoid and Etber. Malaguti (Ann Ch. Phys [2] Ixx 363), 
by treating mnantbic ether with chlorine, obtained a bitter, fragiant, syrupy liquid, 
-sparingly soluble m alcohol, having a speciflo grnvify of 1'2912 at 16°, decomposed by 
distillation, and coutaming 37T5 per cent C, 6 30 H, and 48'06 Cl, whence he deduces 
the formula 'When decomposed hy potash, it yields an oily acid containing 

43’2 — 43 4 per cent. C, 6'3 — 6‘6 H, and 36 0 — 36 3 Cl, agreeuig approximately with 
the formula 0‘*mCPO>. 

For further details respecting all these compounds, see Crmdzn'a HandbooJe, xu. 
455—400. 

tnWANTHOE. 0»H”0 = C’H>»0 H. Eydndo of (Enanthyl. (Enanthyho 
Aldehyde. (Bussy and Leoann, J. Pharm. xiii 62 — ^Bnssy, 'lAid. [3] 8, 321. 
— A. W. W iHiamson, Ann. Gh Pharm. Ixi. 38 — ^Tilley, Phil. Mag xixiii. 81 — 
Bertagnini, Ann. Ch. Pharm kxxv. 281. — Boms, Ann. Oh. Phys xliv 87.) — 
This body, which is the aldehyde of oenanthyhe acid, and isomeiio ivith hutyrone, is 
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produced by the dry distillation of castor-oil; also, according to Petersen (Ann. 
Ch Pharm. Ixxxv 281), together ■with propyhc aldehyde and other products, by the 
dry distillation of sobate of calcium. 

Preparation. — The ycUow oiIt distillate obtained by the dry distillation. of 
castor-oil is separated from, the watery liquid and distilled ■mth fire or sis times 
its bulk of water ; the distilliite, consisting of oenanthol, -with small quantifacs of 
acrolein, ceuanthylic acid and oily fatty aoiiS, is shaken up with 6 pts by weight of 
water, which dissolves out the greater part of the acrolein, and agam distilled with 
pure water, tih no more oily liquid remains ; this distillate is shaken up with weak 
baryta-water till it no longer exhibits an acid reaction, then decanted and distiUod ; 
and the portion which goes over between 166° and 168°, is collected apart (below 160°, 
acrolein distils over) The pure osnantliol thus obtamed is dehydrated by ehloride of 
calcium (Pussy, ■Williamson). — 2 The product of the dry distillation of eastor- 
oil IB shaken up with a solution of earhonate of potassium, whereby a solution is formed 
which when heated to the boihng point yields the mnanthol as a separate layer on the 
surface , this liquid is removed and treated -with a moderately eoneoutratad solution 
of acid sulphite of sodium, which dissolves the cenanthol and leaves an oily liquid 
smeUing like a fixed od. The solution on cooling deposits sulphite of oennnUiol and 
sodium, whioh must be dried and decomposed ■with ■warm water containing hydi'o- 
ohlorio or sulphuric acid (Bertagnini) See also Delff s (Jahresh 1860, p. 320). 

Properties. — QSnanthol is a transparent, colourless, very mobile hquid, of sp. gr. 
0-827. It has a strong, not unpleasant odour, and a taste sweet at first, but afterwards 
persistently sharp Eefraots light strongly. Boils hetwean 166° and 158° (Bussy) ; 
156° andl66° ('Williamson), at 166° (Tilley); between 161° and 162°(Stadeler, 
Jahresb. 1857, p. 360). Vapour-density = 4139 (Bussy); fcom 4-08 to 6-01 
(Beilis) by calculation 3-962 

It dissolves very sparingly in water, imparting its odom-, and mixes m aU proportions 
■with atooliol and ether. 

■When moist cenanthol is exposed for some time to a low temperature, it yields 
colourless crystals of a hydrate 2C’H“0 H’O, smelling like oeuanthql itself (Bussy.) 

Decompositions — 1. "When oenanthol is subjected to continued distillation, the 
boiling point rises, and the residue in the retort exhibits a greater amount of carbon 
(Tilley, Bouis). — 2. In contact ■with the au-, it absorbs oxygon and turns sour; when 
shaken up ■with oxygen, it may absorb as much as 10 per cent , at the boiling point 
the absorption goes on faster (Bussy)— When oen.mthol which is kept com, is 
gi-aduaUy mixed with a quantity of bromine, sufficient to render the brown-red colour 
permanent, and repeatedly distiUed with water, a ooloiuless hquid is obtained, whioh 
turns brown when dried by chloride of calcium, or over oil of vitriol, and after being 
freed from dissolved hydrobromio aeid by caustic soda, contains 40-90 per cent 0, 
6 63 H, and from 44 6 to 46-7 Br (C’lB'BrO requires 43 6 per cent. 0, 6-7 H, and 
41-4 Br). On distilling it with water, a brown resin remains in the retort 'Wheii 
oenanthol is mixed -with iodine ami. phosphorus, a violent explosion ensues (Limpri oh t). 
- 4 CEnanthol is oonverted by cold nitno aoid of ordinary strength mto metoenan- 
thol; when distilled with 2 pts of a mixture of 1 vol stiong nitric acid and 1 vol 
water, it is gradually oonverted into oenanthylic aoid (Bussy) 'When oenanthol is 
heated ivith 2 pts. of strong nitric acid, great heat is produce^ red vapours ore given 
off, and the greater part of the cenanthol is destroyed (Bussy) When oenanthol is 
added by drops to strong nitric acid contained m a retort, a -riolent action takes place, 
and a mixture of nitraerol (p. 68), oenaiithyho aeid, caproic acid and nitric acid istils 
over, the liquid in the retort containing oenanthylic and caproic acids (Tilley). — > 
6. With oJdonne, oenanthol forms hydrochloric acid and chlorcenanthol (W illiamsou). 
— 6. (Enanthol dropped upon crystaUised chromw acid takes fire with violent explosion ; 
dilute ohromio acid converts it into amanthyhc acid (Bussy) — 7. With fuming oil of 
mtnol, it forms a conjugated aoid, which yields crystaUisahle salts -with baryta, lime, 
and oxide of lead (Boms) — 8. When repeatedly distiUed over phosphoric anhydride, 
it yields cenanthylene (Boms). — 9. With pmtachlonde of phosphoi us, it heeomes 
strongly heated, and yields a distillate, which when freed fcom oxydilorlde of phoa- 
phoi-us by repeated washing with water, and fi;om excess of mnanthol by agitation with 
aoid sulphite of sodium, consists of nearly pure cliloride of hpptylene(Limprieht) — 
10. (Enanthol di-opped upon fused hydrate of potassium gives off hydrogen, and forms 
cenanthylate of potassium (Tilley). 

c’H“o + KHO = c'H'’k;o’ + m 
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■wliiet is decomposed by simple distiUatiou, and after being wnsbefl or distilled intli 
water, contains 76 <1 per cent C and 12 4 per cent. H, and is tliorefore not ceuanthol 
Heated with, aloohoho potash, oenanthol yields cenantWic acid, and an oil which when 
dried by ehloride of calcium, contains 77 1 per cent. C and 12’7 H (Williamson ) 

11. Distilled with qmcUime, it yields a distillate containing heptylene, ootylcne, 
nonylene, and a hydrocarbon of still higher boiling point, also heptyUc alcohol and 
cettanthyl-aoetone, or hexyl-oenanthyl, G‘“H“0. (Hittig, Ann Ch. Pharm. ex™ 76) 

12. An alcohohc solution of mnanthol, through which hydrochlono acid gas is passed, 
yields oinanthylate of ethyl (Tilley) — 13 OSnaiithol lediiccs nitrate of silvei , when 
it is mixed wifii ammoma and nitrate of silver added, a white precipitate is formed, 
which is reduced by heating, and silvers the vessel. (Bnssy ) 

14 CEnnnthol, gently heated With zine-elhyl, forms a compound contaanmg 0’<H®0, 
together with hydride of ethyl and hydiiite of zmc : 

4C'H»0 + Zn(C«H*)* = 2C«ff»0 + 2C'“H» + 'ZnH^O^. 

The compound C“H“0 is not of constant boiling point. (Eieth and Beilstein, 
Ann. Ch. Pharm. cxxm 241.) 

Comhnationa a. With Ammonia. — CEnanthol absorbs a large quantity of am- 
monia gas, forming at first a crystalline compound, which afterwards liquefies and is com- 
pletely decomposed by water (Tilley, Limpricht )— This ammoniacal compound, 
gently heated with hydrocyanic and hydroeblorio acids (as in the preparation of 
Saninefromvaleraldohydo, i. 63) yields a yellowish amorphous body, which crystallises 
from strong hydrochloric acid in needles, and appears to have the composition 
0®H”N0“HC1. (Erlenmeyer and Schaffer, Jahresh 1863, p. 366 ) 

fi. With Aoid Sulphites of Alkali-metals — Oilnanthol unites directly ivith 
those salts, forming more or less crystaUino compounds, which may likewise be obtained 
by posamg sulphurous anhydride mto a recently prepared solution of cenanthol in 
alcohohc ammonia, potash or soda. 

The ammomim-salt, C’H‘*‘(N1I<)S0“, forms small shimn^ pnsms, sparingly soluble 
in water and in alcohol. They are decomposed by boiling with w.iter, giving off cenan- 
thol, and leaving a solution of acid sulphite of ainmomiun. Heated with potash-hme, 
or by itself in a sealed tube to 260° — 270°, it yields tri-hexylamiue, C‘®H“N => 
N(C‘'H‘*)'*. (Petersen and Gossmann, Jahrosb. 1857, p 388.) 

The potassmm-sak is obtained as a pulpy mass, which gradually becomes crystalline, 
and separates from alcohohc solution m small needles. 

Ths aodiuni-salt, C’H'"NaS0'’,2H'''0, orystaUises in very hrilliaut interlaced scalee, 
unotuons to the touch, and exhaling the odour of teiianthol. They dissolve easily in 
water, either cold or warm, withotit decomposition, but the soliihon is decomposeil by 
boihng, especially in presence of an acid or an alkali, drops of oinanthol separating 
out. The ciystals dissolve very easily in hot alcohol, but are neai'ly insoluble in cold 
alcohol. 

The aqueous solution forms with salts of barium, lead, or silver, copious precipitates 
containing omanthol chemically combined.— AmDionta added to tlie aqueous solution 
forms an abundant curdy precipitate, which soon disappears, oily drops collecting at 
the same time on the surface of the hquid — The cold aqueous solution is not decom- 
posed by addition of a large quantity of sulphmdo or hySrocMono acid, the compound 
even crystallising unaltered from an acid solution Chtorine and brunana decompose 
it instantly at oidiiiary temperatures , iodine only with aid of heat 

TBioHLOHCBNAMTHon, C’H"G1“0. — ^Produced by the action of chlorine gas on renan- 
thol. It IS a viscid oil heavier than water, and having an agreeable odour somewhat 
Ilka that of caoutchouc. It blackens when distilled, giving off hydroeblorio acid. 

Metoenantliol, C’H'-'O. — This compound, isomeric with cenontliol, is produced 
by agitating the latter with nitric aetd at 0° If the hquid he then left to itself for 
24 hours, then poured into a shallow dish, and exposed in a cold place, motceunnthol 
IS obtained in beautitul crystals, which remain solid up to the temperature of 6° or 6°, 
are inodorous, dissolve in boiling alcohol, and finally crystallise again on cooling. 
The compound melts when heated, and boils at 230°. It is not decomposed at oidi- 
nary temperatures by ammonia, potash or soda. (Bnssy.) 

<EI]'jBlS 9'TBYZ.. 0’H">0 — The hypothetical radicle of conanthylio acid and its 
derivatives. The same name is aometimcs, hut inappropriately, given to heptyl, C’H“ 

CEWiiMTHTI., CBX.OIIZ3& OP. G’H'»OCl.— Obtained by distilling ccuau- 
thylio aoid with pentaehlonde of phosphorus. It is decomposed by water into hydi'O- 
chlono and esnantbyhe acids. (Cahours, Gompt. rend. xxv. 724 ) 

ffilffAHTHYX, HYSBIDB OP. Syn. with CEnanthoi (p. 174). 
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fBWAKHTTrt-B.CETOWE. See OEKAMmraosB (p. 178) 
aSNANTHYEAMMlE. O'Hl'HO = Aeoture ^emumthyle.— 

Produced by the action of ammonia on oenanthylic anhydrifle Crystallises fi;om a 
boihng dilute alcoholic solution in small scales ; occasionally, howerer, the crystallisation 
docs not begin tdl some time after the solutionhas completdy cooleA (Chiozaa and 
Malerba, Gerhardt’s TraiU, u. 728.) 

(EN'AH'TB'S'EEn'B. Syn. with HEpnxBifB (lii. 14). 

(EltrAlffTB'irXIC ACIB. C'H"0“ = (Laurent, Ann. Oh. 

Phys. Ixri. 173.— Tilley, Ann. Oh. Pharm. xxxir. 160, Irra. 108.— Bnssy, J. 
Phurm, [3] vui. 329. — Schneider, Ann. Ch. Pharm. Ixs. 112. — ^Arzhacher, thd. 
exxui 200. — ^Brazier and Oossleth, ibid. Ixxri. 268). — This acid was first obtained 
by Laurent in an impure state, and called azakio acid , Berzelius catted it aholeus and. 

It occurs in the fusel-oil of spint prepared from maize. 

It is produced by the oxidataon of oananthol in the air, or in oiiygen gas, or when that 
compound is boiled with nitric acid (Bnssy, Tilley), or with ehnmue acid (Brazier 
and Gossleth) , also by boihng castor-oil with, dilute nitoio acid (Tilley), or with 
chromic acid (Arzaeher) ; hy heating the disUUate obtained from castor-oil with nitric 
acid (Schneider, Ann. Ch.Phai'm. htx 112), or that from oleic acid with strong nitric 
acid (Lauren hEedtenhaoher, lix. 41) ; hy oxidising heptylic alcohol with chromate 
of potassium and sulphuric acid (Schorlemmer, Proc. Boy. Soo. xiv. 171) ; by the 
action of nitric acid on Chinese wax, (Buokton, Chem. Soo. J. x 160) ; on azelaic 
acid, and on spermaceti (Arppe, Ann. Oh. Pharm. cxx. 288) , by the action of potash 
on cemmthol (Bussy, p. 176) ; and by melting sehacio acid with potash (Koch. Ann. 
Ch Pharm. ciix. 173) ' 

Preparation. — 1 pt, of couanthol is distiUed with ,2 pts. of a mixture of 1 toL 
strong nitno acid and 2 rol. water till the greater part has passed over; the oily dis- 
tillate decanted from the acid water is saturated with baryto-water and eynporated to 
the orystaUisiug point; and the haniun-salt which ciystallises out is decomposed by 
sulphmuo or phosphoric acid , the oenanthylic acid then rises to the surface m the form 
of a colourless hq^uid An additional quantity of cenanthylate of Wium may bo 
obbamod by washing the residue in the retoit with water, which extracts oxalic and 
nitric acids, and neutralising with baiyta- water (Bnssy ) 

2 A mixture of 1 pt, castor-oil and 2 pts of nitric acid, diluted with an equal bulk 
of water, is heated in a retort; a Tioleut action then takes place, so that the retort 
must he removed from the fire till it duninishes, after which the distillation is con- 
tmued for several days The receiver contains the ody acid , the retort, the watery 
liquid and a thick fatty substance which, when distilled with water, yields a largo , 
additional quantity of the oily acid. The product is washed with water, distilled 
with water, and dried by fused phosphonc aciA (Tilley.) 

Properties. — OEnanthyUo acid is a transparent colourless oil, having an unpleasant 
odour like that of ood-flsh, faint in the cold, hut becoming stronger at liigher tempera- 
tures, and a pungent exciting taqte. It begins to boil at 148°, but decomposes and 
blackens when subjected to continued distillation (Tilley) , boils at 212° (Strecker), 
Lohrb. V. 96). According to Stiidcler (Johresb 1857, p. 148), it has a spemfle 
gravity of 0 9167 at 24°, and boils at 218° It dissolves in strong nitric acid, and m 
precipitated therefrom hy water. It is soluble in alcohol and in e&er. 

decompositions — 1. CEnanthyho acid bums with a white flame (Tilley). — 

2. Heated with soda-ley it forms a neutral oil (Aizbacher) — 3. Heated withywfasA-iOTm 
it yields gaseous and liquid hydrocarbons of the formula CiH’” (Oahours, Compt. 
rend. xxxi. 141). — 4. Heated with baryta, it yields a hydrocarbon boiling at about 
68°, and having the composition of hydride of hexyl, C“H'^ (Eiche, Jahresb 1860. 
p 249). — 6 When distdlcd with pentachtonde of phosphorus, it yields* chloride of 
mnanthyl (Oahours, Compt. rend xxv. 724).— 6 A concentrated solution of cenan- 
thylate of potassium decomposed hy a current of six Bunsen’s ceUs, gives off hydrogen 
and carbonic acid, while neutral acid and carbonate of potassium are formed, and an 
oil rises to the surface, which when distilled with potash, leaves cenanthylate of potassium 
and yields a distillate consisting mainly of hex;^ and a hydrocarbon, 0**H’', boilmgat 
170°. (Brazier and Gossleth.) 

CEnahthvlatbs, C’E^MO and 0”H*'M"0*. — ^The ammomum and potassium 
salts are very soluble in water. — The barium-salt, C”H“Ba"0* (prepared as above) 
forma white nacreous scales or lancet-shaped tablets. It has a faint, slightly bitter 
taste, exhales an odour of perspiration when rubbed between the fingers , dissolves in 
67 pts water, at 23° (Bussy), very easily in hot water, still more easily in hot alcohol 
of 86 per cent. (Arzhaoher) , insoluble in ether. — The copper-salt separates after a 
VoL. IV. N 
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wMe ftom a mixtuie of the fcee add with cupric acetate, in needtea ha-ring a flue 
green colour and ailky luatre ■ — ^The lead-salt is precipitated by neutral acetate of lead, 
^from a solution of ronanthylato of potnasmra, as a lemon-yellow powder, insoluble m 
water, but soluble in boiling alcohol, whence it separates in small scales on cooling — 
The silver-salt, G’H‘’AgO^ is obtained on adding nitrate of silver to the acid neutralised 
with ammonia, as a white precipitate, insoluble in water, and turning brown on expo- 
sure to light. By dry distillation, it yields an oil, and a solid substance which 
crystaUisea in needles feom hot alcohol ; both are acid. 

(EWAKXH-iriilc AiVKVnRisi:. —CEnanthylate of 

(Emnihyl. Anhydrous (Enanthylio aend, (Chiozza andMalerba, Ann. Oh.Phanp. 
xci. 102), — Produced by the action of pentiicbloride of phosphorus on mnantliylste 
of potassium. It is a colourless oil, of specific gravity O’fil at 14°. At ordinary 
temperatures it has a faint odour, like tjiat of caprylio anhydride, It gives out an aro- 
matic odour when heated, and smells ynncid if kept in badly closed vessels. 

With alkalis it behaves like other anhydrides, and with caustic ammonia it yields 
oananthylamide, ]!r.C’H'’0 ff. , 

(EWAWXKiriilO EXHEKS. 1.' (Sflanthylate of Ethyl, 
obtained by passing hydroohlorio acid gas tlirough an alcohoUo solution of conanthyho 
acid (Tilley), or oenanthol (Williamson). It is a colourless oil, lighter than water, 
and sohdifjnng in afteezing mixture ; has a pleasant fruity odour; is insoluble in water 
but dissolves eaaOy in alcohol and ether; distils easily but with constantly rising 
boiling pomt ; burns 'with a clear but fiihginous flame. 

2. (Enanthylate of Phsnyl, C’H‘*(0*H‘)0’, produced by the action of chloride 
of cBuanthyl on phenyhe alcohol, is an oil boding between 276° and l3Qf. (Cahours, 
Compt, rend ixxnu 267 ) 

a!NAlfXBXI>0-BESrZOXC AKTKVDRinE. 0'H”0 C'H‘0 0 —See Bnnzo- 
(EHAnTHTlIO Anbtdmdb (i. 668) 

aiWANXHYI.O-CTn«lMriC ANHYDRIDE. O’H'sO.0">H”0 6.— See OuMN- 
(EUANTiiTLio AranroiuDB (ii. 180) 

(ENANXHYXiONB. Caff"© = C’H'“0.0«H'*. (Enanthyl-acetone (tTslar 
and Seekamp, Ann. Oh. Pbarm. oviii 179) — Produced by the dry distillation of 
osnanthylate of calcium, and punfled by rectiflcutiou and , oryataUis,ition from alcohol. 
It crystallises in large colourless lammte, of speoiflo gravity 0 826, melts at SO", solidifles 
again at 29 6°, bods at 264° 

Tilley (Ann Ch Pharm. bevn 110), by heating Ipt of cenanthol with 6 or 6 pts, 
hydfate of potassium, obtained an oil boding at 120°, and containing 79‘8 per cent 
carbon and 13 3 per cent hydrogen. To this compound Tilley assigned the formula 
(requiring 78 2 per cent. 0, 13 3 H, and? 6 oxygen), designating it as hydride 
of ananthyl Gmelin {handbook, xu. 461) suggests that it may be cenantliylone, 

the foimnla of which requires 78-8 per cent. 0, 13 1 H, and 8’1 0. 

(EMANXBYD-SVXPHDBZC ACID, Syn. With Hbptti.-sui.'phubio Aoro 
(di. 149). 

(BNANXKYDOUS ACID. Syn. with CEltAHTHIO Aom (p. 174). 

(Esroii. Syn with MnsiTTLEKB (Berzelius). 

OiNODIN'. — ^A colouring matter obtained from red wine by precipi- 

tating with basic acetate of lead, exhausting the dried precipitate with ether containing 
hydrochloric acid, then with pure ether, digesting the air-dned residue with alcohol 
and mixing the concentrated alcoholic solution with water. (Enohn is then precipitated 
in a mass, which is brown-red while moist,, nearly black when dry, but yields a violet- 
red or browu-red powder , it is nearly insoluble in pure water, more bolnhle in water 
containing vegetable acids, easily soluble in alcohol, insoluble in ether It forms a 
lead-ooraponnd containing 0-“H'“Ppb"0'“, (G-ldnard, Compt. rend, xlvii. 268 ; 
Jahresb, 1861, p 476.) 

dNOniEXBR. A hydrometer specially adapted for determining the alcoholic 
strength of wines. r .i r — e 

(ENYIi. Syn. with Mesityl. 

tERSXSDXIXE. A Bilieo-titanate of zirconium occurring at Arendal ih Norway, 
commonly in crystals of pyroxene, in dimetrie cryatals in which P . P = 123° ISy. 
Hardness =.6 6. Specific gravity = 3 629 It is opaque or subtranslueent, with 
roddish-hrown colour, and splendent adamantine lustre. Infusible before the blow- 
pipe, and according to Berzelius, gives a trace of tin. Contains, according to 
Porchhammer (Pogg. Ann. xxxv. 680), 19 71 per cent, eilica, 68 79 titanic 
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anhydride and ziroonia, 2’61 lime, 2-06 magnesi% 1'14 ferrous ojdde, and 5'62 water 

(= 100). 

OITA HEIiMOTarTII. An old name for acid cajdjonate of ammonium precipitated , 
ly alcohol from aqueous solution. 

OOBOITE. See Eiproonirn. 

OIE G-AS. When a fat oil is made to fall in drops on iron or earthenware at a 
low red heat, it is for the most part resolved into a gaseous mixtnre of ethylene, marsh- 
gas, hydrogen, carhouio oxide, and the vapours of benzene and certain empyreiimatio oils. 
The gas thus obtained is far superior in illuminating power to coal-gas, and was 
manufactured some years ago on a somewhat flonsiderahlo scale, and sold, condensed in 
strong iron cylinders, as " portable gas ; ” but the process was not found profitable, and 
has been long since abandoned. l?or 'a description of it sea Urefs Dietumary oj 
Chemistry, 4th ed. p 642. 

DIE, CESTESSEE, or SENECA. A pamo sometimes applied to Ameriosn 
petroleum, heeause it was formerly eoUeeted and sold by the Seneca and other Indians 

OIE, niINBBAE. See PsTBOLEDit. - , ' 

OIE OF VITRIOE. Strong sulphuric acid, 

OZE OP Wine. Sea Ethebin (u. 607). 

OIES. The term “ oil' was originally applied to certain well-lmown neutral com- 
pounds occurring in the bodies of hving plants and animals, and possessing the following 
pioperties . — They are hquid at common temperatures ; have a more or less viscid con- 
sistence, are in.soluhla or nearly insoluble in water, but dissolve more or less readily 
in alcohol, very easily and in all proportions in ether ; take fire when strongly heated in 
the am, and burn either alone or by means of a wick, with a more or loss fuliginous 
fame. There are many other liquids possessing the peoiUiar consistence called “ oily,” 
namely, some members of the fatty acid senes, butyric, valerianic, caproic acid, &c , 
many organic buses, as the higher honiologuos of ethylamine, certain natural alkaloids 
—nicotine and ooniue for example — and most of the compound ethers. But when wo 
speak of an “oil" we generally mean a neutral body, formed by natural processes in 
the living animal or vegetable organism, and possessing the properties just specified, 
and ui that sense the word will be used in the present article. 

Natural Oils are divided into two great classes, fat or fixed oils, and volatile or 
essential oils. 

A. — Fat on Fixed Oils. 

These bodies exhibit very groat similarity of chemical composition, most of thsm 
being glycerides, and resolvable by saponification into glycerin and certain fatty 
acids, chiefly stearic, palmitic and oleic acids They further resemble one another 
m not being capable of distilling without decomposition, by which character, as 
well as by their composition, they are easily distinguished fioiii the volatile oils. Fat 
oils are divided into drying and non-drying oils. The former thicken when ex- 
posed to the air, absorbing oxygen, and being ultimately converted, if spread over a 
largo surface, into a yellowish, transparent, supple membrane or varmsh This property 
renders them available for the preparation of varnishes and oil-eolours To this class 
belong linseed, nut, hemp and poppy oils ; they contain an olein different from that 
of the non-drying oils, and yielding by saponification, not oleic, but hnoloio acid or an 
add simihir thereto. 

The non-drying oils arc likewise gradually altered by exposure to the air, though in 
a different manner They turn rancir], that is to say, they acquire an acrid, disagreeable 
taste, gradually lose their colour, and to a certain extent their fluidity, and acquiie the 
power of reddening litmus. This alteration — ^which never takes place in pure glycerides, 
such us ateai'in, palmitiu or olein, or in mixtures of them — is due to the presence of 
foreign matters, namely, the cellular substance of the plant or animal from which the 
oil has been extracted. These substnnees act as ferments, and give rise to the decom- 
positiou of a small quantity of fatty matter in contact with them, the palmitic, oleic 
acid, &o., of this portion of the oil being then set free, and small quantities of odorous 
volatile acids (butyno, valerianic, caproic) being formed at the same time, probably 
ffom atmospheric oxidation. By exhausting rancid oils with boiling water, and 
treating them m the cold with a weak alkaline solution, they may he freed &om these 
products of decomposition and restored to their original state 

The mode of occurrence of fat oils in the bodies of plants and animals, their decom- 
position by distillation, and their reactions with alkalis, acids, &e , have already been 
described under Fats and (JiyoEWDEs. The individual oils are desenhed in their 
ro.spectiTe alphabetical places, For the methods of extraction on the large scale, and 
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^unfication, see f7re’« Diet of Arts, See in 276, The follo\viiig table exhibits a list 
of the priaejpal yegatable fat oils, together with their specific gnmties and sohdifying 
^ points, so far as they have been detormined. The specific gravities marked mth an 
asterisk are according to determinations (taken at 16°)byCloez (Bull. Soo Chinn 
1866, p. 46) . the rest, and the solidifying points, are taken from Qmehn's Handbon/c.' 
The numbers in the last column denote the temperatures at -which the oils become 
perfectly solid' nearly all of them, however, become viscous or semi-aolid at tempera- ' 
tures somewhat higher. 


Solidifying 


1 Dunira Ons. 
Cress-seed oil . 

Oil of Dejidly Nightshade 
Oil of Gold-of-Pleasure seed | 
Gourd-seed oil 
Grape-seed oil 
Hemp-seed oil 
Oil of Honesty 
Linseed oil 
Oil of Madi 
Poppy oil 
Sunflower oil . 

Oil of Scotch Fir seed 
Oil of Silver Fir cones 
Oil of Spri 
Fatty oil of Spruce Fir 
Tobacco-seed oil 
■Walnut or Nut oil 
Weld-seed oil . 

2. Noh-Dethto Oils 
(Vegetable). 

Almond oil 
Beech-nut oil , 

Oil from seed of 
Oil from seed of 
Oil from seed of 
Castor-oil . 

Cotton-seed oil 
Oolza-oil . 

Oroton-oil 

Oil of Cyperus-grass . 

Oil of Daphne (OUu, 
emimm Coeoogmdit) 
Earth-nut oil . 

Ergot-oil . 

Hazel-nut oil . 
Henbane-seed oil 
Horseohesnutoil 
Mesua-oil . 

Black mustard oil . 

■White mustard oil . 

Oil fiom seed of 

Oil fliom root and seed of 

Parsley-oil . 

Plum-kernel oil 

Oil from seed of 

Summer Eape-seed oil 

Winter Bape-seed oil 

SesamA-oil 

Spindle-tree oil 

Spurge-oil 

Oil from seed of 

Oil from various kinds ofi 


Lepidiv/m, eativum 
Atropa BeUadonm 
Oamdina sativa 
OuemrMa Pepo 
Vetts mmfera . 
Cannalm sativa 
Mespsris matrcmalis _ 
Lvmm witaUssimum, 
Madig, sativa . . 
Papaver sommferuv 
Hchanthus animus 
Pinus sylvestns 
Abies Ficea, Deo 
Abies exoelsa. Dee. 

Nvcotiana Tabaeum 
Juglans regia . 
Beseda luteola . 


Amggdalus oommums 
Fagus sglvaBca 
Butea fiondoea 
Calophyllum mophylhm 
Cananum commune , 
Bioinus communis , 
Gossyptum barbadense 
Biasstca campestns olefsra 
Croton Ttghum 
Cyperus esculentus (root) 
Daphne Meeereum . 
Arachis hypogesa 
Secale eomutum 
Corylus Avellana 

Hippocastanum 


0-924 
0 925 
0 93076* 

0 9281 
0 9202 
0 93076* 

0 9232 
0 93516* 

0 9286 at 15® 


- 27'6° 

- 15° 

- 11 ® ■ 

- 27 6“ 
below - 16°, 
below — 20®' 
below - — 10° 

- 18® 

- 16° 

- 80° 

below — , 16° 

- 16°‘ 

- 18° 
below — 16° 


0'91844* 
0 923 
0 917 
0 942 


0'9806 

0 9136 at 16° 
0 94263* 

0 918 

0'914— 0'921 
0 918 
0'922 
0'91987» 

■ 913* 


Sinapis alba , 
NigeUa sativa . 
Finns gmdnfolia 
Petrosdinum sativum 
Prunus domestica 
Pongamia glabra 


Euonyirms europisus 
Euphorbia Lathyns 
Sterculia fcetida 

Thea and Camdlia 


|•916 


. 078 at 12° 
19127 
1915 
91666* 
•91648* 

I 92416* 
196717* 
l■92613* 
1-923 


-12°to-16' 
- lli° 
below + 8° 
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CloPE {he. cit.) finds that drying oils exposed to the air fior 18 months increase in 
weight hy about 7 or 8 per cent (10 gms. linseed od increased to 10 703 ; 10 grins, 
poppy oil to 10 705, 10 grms. hemp oil to 10 778); non-drying oils, -which thicken but 
shghtly on exposure to air, gain from 3 to 6 per cent (10 grms olive oil increased to 
10-372; almond oil to 10-469; castor od. to 10 268, horse-chesnut oil to 10 642), 
those which thicken considerably, such as rape, croton, and mustard oda, gam in the 
same time from 6 to 7 per cent 

3. Fish Oils. These are non-drying oils, obtained from fish and cetaceous animals : 
they have usually an offensive rancid odour, arising from tho peculiar disposition 
above mentioned Wlien i^oaed to cold they for tho most part depo.sit solid fats, 
pnlmitm, cetin, &c , whde 'olein and other simdar- fata remain in the liquid state. 
Sperm od yields by sapomflontiOn, physetoleic acid and etlial. or oetjilie alcohol. The 
moat important of these oils are sperm oil, occurring, together -with spermaceti, in 
certain cerebral cavities of the sperm-whale {I’ht/acter maarocephahis) •, -whale or 
tram oil, from the blubber of Baltma mysiieetus gnd other whales, seal oil, sea- 
oalf oil; shark oil, from S^ualtis maximua , pilchard oil; porpoise oil, 
from Dephinus phoocea, dolphin oil, from Oelphinw glohceps; cod-liver oil, 
from the liver of various species of Gadus ; ray-liver oil, from the livers of Baya 
clamta and B. baits , and burbot oil, from the Ever of Gadus Lota or Lota vulgans. 
All these oils will be found described m their alphabetical places, ood-liver od as 
Oletjii JnooBis Asblu, dolphiu-pil as Dulphin (ii. 809). 

4. OiHDE Anisiai. Ohs — a. Od of Ants The’residue loft on distilling ants with 
water, yields by pressure a yellow or reddish-brown fatty oil, which floats on water and 
solidifies at a moderate degree of cold. 

fi. Odsfrmn Lyg-yoVk —The yolk of eggs hard-boiled and warmed, yields by pires- 
sure, and by exhaustion -with etbei, two fatty oils of different constitution. The oil 
obtamed by pressure is reddish-yellow, viscid, neutral, ^and bas little or no taste It 
generally deposits a solid fat and solidifies at 4° — 0° to a granular moss, -which when 
left to drain on a filter leaves a solid fat melting at 66°. The ml freed from this fat 
is thicker than linseed oil, aud sobdifies to an amorphous mass at 0° (Planehs, 
J. Pharm. i. 438). It contains ^ of clielesterm (Lecaiiu, dnd xv i), alsovolatde 
acids (Eedtenbaoher) The oil extracted by ether has a fine pure yellow colour, 
an acrid taste and an unpleasant odour, absorbs oxygon, and contains in addition 
to the true oil, a viscous substance similar to or identical with lecithin (iv 666), which 
ma^ be separated by filtration and pressure. The oil thus purified and likewise that 
which is extracted from the yolk by pressure, solidify at — 6° to a granular mass eou- 
taining oholestenn. Both oils, when exposed to the cold, deposit a mixture of marga- 
rin, oholesterin, and colouring matter. They are free from pho^homs and sulphur, 
and differ from other oils only by containing eolommg matter and cholesterin. (Gob - 
ley, J. Pharm, [3] ix 12.) 

7. Imd oil . — A nearly colourless oil obtained by pressing hog’s lard, and used 
for gi-easing wool. Specific gravity, 0 916 (Chevreul) 100 pts. boiling alcohol 
dissolve 123 pts. of it. According to Braconnot, lord yields 0'62 of its weight of 
this oiL 

S NeaCs-foot oiL — ^The feet of oxen, after the hair and hoofs have been removed, yield 
when boiled with water a peculiar fatty matter, which after awhile depositsa semi-solid 
fat leaving an oil which does not solichfy at 0° 0., and is not liable to become rancid. 
This oil IS used for many purposes, especially for oiling church clocks. 

e. Od of Sdkworms — Obtamed by exhausting the caterpillars -with alcohol and 
-washing the extract -with hot water Itisbrownish-OTeen, lighter than water, nenti-al; 
remains hqiud at 0° , dissolves easily m cold alcohol and ether; is easily saponified by 
potash, less easily by lend-oxide, yielding stearic acid and a liquid acid, probably 
oleic. (Lassaigne, J. Chem. Mod. xx. 471 ) 

Adulteration of Fat oils — The drfferenee in price of the several fat oils often 
gives rise to fraudulent admixtures; thus the best olive ‘oil for table use is some- 
times mixed with inferior oils, such as poppy, sesame, or esrth-nnt oil ; olive oil inten- 
ded for manufactunug purposes 13 adulterated with colza oil; tho latter, sometimes 
-with poppy, linseed, or more often -with whale oil, &c. The methods of detecting these 
adulterations are not veiy satisfactory. 

Lefhbvre proposes to distinguish fat oils by their density, and has constructed for 
this purpose a hydrometer of peculiar construction, called an ol6om6ter,havinga very 
large cylindrical bulb and a very long stem, on which ore inscribed densities from 0 8 
to 0-94 for the temperature 16°, each density corresponding to that of a commercial 
oil, e.g. 0-917 to ofive oil, 0-926 to poppy oil,. 0 939 to frnseed od, &c. An ordinary 
centesimal alcoholometer may also he used for the purpose The diffepenoe of density 
between different fat oils is, however, not sujfidently great to enable them to he 
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detected -with eerteinty in mixtures by sucb a method, moreover it has not been proved 
tbit the density of the oil obtained from any civen source is really constant. 

.. Go bl ey ( J. Pharm [3] iv. 285 , v. 67) limits the nse of the hydrometer to the de- 
tection of poppy oil in olive and almond oils. For this purpose he uses a hydrometer 
(daoiueti’)) with very large bulb and thin stem. At the temperature of 12’6° 0, the in- 
strumeut sinks to zero in pure popjiy oil, which is the densest of the three, and to 60° 
in pure olive oil, which is the lightest. The space between 0° and 50° is divided into 
80 equal parts. 

Poutet of Marseilles beats up the oil to be tested with one-twelfth of its weight 
of a bolutiou of mercury in strong nitric acid. The nitrous acid, or nitric peroxide 

eiolved from this solution, converts the 1 ” ’ • . - '■ '-i-' r:. 

olive oil, if pure, to solidify completely ' i in 

presence of poppy oil or other drying oils, wtueli are not solifUdea umier tne same cir- 
cumstances, the bohdiflcation is retarded, and for a longer time in proportion to the 
quantity of drying oil present. In making these experiments, it is best to use strong 
nitne acid containing nitrie peroxide, to agitate 3 or 3 cubic centimetres of this acid 
with the olive oil under examination, and to perform the same experiment on perfectly 
pure olive oil in a bottle of the same size. The two vessels are then left in a cellar, or 
a room the temperature of which does not exceed 10°, and the moment when the oil 
becomes thick enough to remain m the vessel on inversion is carefully observed If 
the specimen under examination is pure, it wdl solidify at the same time as the other, 
but if it contains even 1 pt. in a hundred of poppy oil, its solidification wdl be retarded 
40 minutes, and longer still for n larger Quantity. 

Manmeni (Compt. vend xxxv. 67?) tests fat oils by the heat evolved on mixing 
them with strong snlphunc acid, poppy oil and drying oils in general being heated 
thereby much more strongly than olive oil , the mixture of poppy oil with sulphuric 
acid IE likewise accompanied by a considerable evolution of eulphuroua anhydride. 

Hoydenreich and Ponot propose to distinguish the several fat oils by the 
0010™ which they exhibit in contact ivith strong sulphuric acid When a drop of this 
acid IS added to eight or ten drops of an oil placed on a plate of glass resting on white 
paper, the following colours are immediately produced — Oltve <nl produces a deep 
yellow tint gradually becoming green , Sesami-oii a bright red, Colmtnl a greenish- 
blue aureola, Poppy oil becomes pale yellow with a diugy gi'ey look; Bemp oil pro- 
duces a distinct e'merald-green tint , Linseed oil becomes brown-red, changing to 
hlack-bvown 

The colours and other reactions exhibited in treating fat oils with various acids and 
alkabne reagents have also been examined by Professor F 0. Calvert, a summary 
of whose results is given in the table on page 183. The columns headed ' “ + Caustic 
Soda,” indicate the results obtained on adding that alkoh to an oil previously treated 
with the reagent at the head of the preceding column, 

By these reactions it is possible, according to Calvert, to ascertain the presence of 
10 per cent, of a given oil in many cases of adulteration , for example, poppy-oil in 
rape, olive in Gallipoli and India nut, as all of these assume a pale rose-colour; 
when poppy-oil is mixed with olive or castor 'oils there is a decrease in the consistency 
of the semi-saponifled matter. [For details see Pharm, j. Trans, xmi. 366; also, 
Urds Dictionary of Arts, &o. in. 300.] 


B,— V onA.rii.B Oils. 

Essential oils Essences, Ethereal oils. Distilled oils , — These are compounds, 
either consisting wholly of carbon and hydrogen, or of the same elements with addition 
of smaller quantities of oxygen, sulphur, or nitrogen , of thin ody consistency at ordi- 
nary temperatures, and wholly volatile at higher temperatures, having a peculiar 
and generally pungent odour, very inflammable ; sparingly soluble in water, but dis- 
solving readily in alcohol and ether.. 

A large niimher of volatile oils occur ready formed in plants, and a smaller number 
in the animal body : others are produced by dry distillation of organic bodies— 
these are called empyrenmatic oils, e g. oil of amber, co.al-oil, shale-oil, creasote, 
Dippel’s oil, &e. ; others by fermentation and other changes in the inodorous parts of 
plants (Fehment Oiia,ii 634). PBtroleum,rock-oil,mineraloilormineral naphtha, must 
also be included amongst the oils produced by tile deoompositiou of organic bodies 
(see NxrHTKi, p. 2, and Pbikolbum:). Volatile oils are also produced by the action of 
sulphuric or phosphoric acid on organic bodies, e g, oil of wine by distilling alcohol with 
excess of sulphuric acid, menthene (lii 880) by distilling peppermint-camphor with 
phosphoric aoid.^ In this article wo shall consider only the volatile oils existing ready 
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formed in the TagetaWe or animal organism, -wMcli are especially distinguished as 
essential oils. 

Only a few Tolatila oils have toen obtained from the animal body— the oils of ants, 
oeatocettm and ambergris for example — and these have been but little studied, though 
similar compoimds might doubtless be obtained &om many other odorous animal pro- 
ducts. But the great source of volatile oils is tho vegetable kingdom, where they occur 
ill very large quantity and in almost all parts of tho plant, us m the wood and bark 
of the stem and root; under tho epidermis of the leaves, calyces, petals, fruit, &c.; 
in the differont coatings of tho seed and in the cellular tissue of tho seed-vessels . rarely 
in tho albumen, sometimes even in the embryo of the seed 

These vegetable oils or essences consist either wholly of hydrocarbons, or of mixtures 
of hydrocarbons with compounds of carbon, hydrogen, and oxygen. Those which exist 
ready foiuned in plants do not appear to contain any other element. Sulphur is found 
only in certain ous resulting from a kind of fermentation-process, as in the volatile oils of 
mustard and garhe , nitrogen, when it occurs, must he regarded as an impurity resulting 
from admixed vegetable tissue. Many vegetable essential oils when exposed to cold 
are separated into a solid compound, called a camphor or stearoptene, audahquid 
od, which for distinction is sometimes called anolteoptene. 

The following ore the modes of extracting essential oils from plants ; — 

1. By jPressure . — This method succeeds only with cortain parts of plants which are 
very rich in oil, such as lemon and orange-peel. 

2 Bif Btslillaiion, generally with adiution of water. — Heating without water is apt 
to produce elmrrmg and admixture of ompyreumatio oils The substances containing 
the volatile oil are either mixed with water in a large still or retort, and distilled after 
sufficient mueoration, or they aie placed :u the dry state on the upper prfbrated base 
of the still, and sulgeoted to the action of vnpour of water Although the boiling point 
of most volatile oils is above that of water, they nevertheless volatilise at 100°, in con- 
sequence of the diffusion of tho oil-v.ipour into the vapour of water produced at that 
temperature In the distilUtion of the less volatile oils, however, it is usual to add 
common salt to the water, in order to raise the temporatuie a few degrees, and tWeby 
inorcaso the tendency of the oil to pass over with the aqueous vapour. The vapours 
condense in the cooling tube or receiver, whieh is kept cold for the purpose ; and the 
water takes up as much of the oil as it is capable of dissolving If the quantity of oil 
present is more than sufficient to saturate the water, the excess separates out ; in the 
contrary case, tho distillate is cohobatei , that is to say, the water containing the oil 
in solution is distilled with a fresh quantity of tho aubstanee which contains the oil, 
and thereby made to take up a double quantity of oil. A more abundant product is 
likewise obtained by distilling tho original vegotahlo substance, not with pure water, 
but with water which has previously been used for the same distillation, and is there- 
fore saturated with oil — B the oil which passes over readily sohdifles, the cooling tube 
must not he kept at too low a temperature.-rThe oil wldoh collects either at the top 
or at the bottom of the water is separated by mechanical means. 

Many plants yield a larger quantity of oil after ^ing ; and when distilled in the 
fresh state, with cold w.iter, they yield a comparatively large qnanhty of oil together 
with turbid water ; but if covered with boiling water and then distilled, they yield 
clear water and less oil. The cause of this difference is, that when the plant is dried, 
or iromorsed in cold water containing air, the oil oxidises, and is thereby rendered less 
soluble in water; hence it forma a poorer and turbid solution, and for the most part 
separates out. ’ (Desmarast, J. Pharm. 19, 163, abstr Ann. Bharm 9, 291.) 

Volatile oils obtained by distillation, and likewise the water which passes over 
with them, have at first an unpleasant, empyroumatic odour, whieh, however is not 
permanent. 

3, Many strongly smelling parts of plants yield no volatile oil, even by repeated 
oohohation with water, probably because tho quantity contained in them is too small, 
or ^cause the oil is too soluble in water, ox too much melined to decompose by the 
action of am and heat; c p. the flowers of many kinds of Narcissus and Syaointh; 
of Folyanthes JongvSUa, Viola odoraia, Jasmimm off., Fhiladelphus coromrius, Tilia 
euroyitBa, Seseda odorata, Behotropium europtsam. Such flowers, placed in layers 
between cotton soaked in olive od, impart their pwibrne to the oiL 

Brom some of them it has been found possible to extract the odoriferous principle in 
the separate state. Eohiquet (J. Phatm. xxi 334) exhausted the fresh (joroUas of 
Folyanthes Jonymlla with ether in compression-filters , separated the upper yellow 
ethereal stratum of liquid from the lower watery layer ; distdled the ether from the 
upper hquid at a gentle heat ; and obtained a residue consisting of ciystalline nodules, 
together with a mother-liqmd, which, when evaporated in the air gave off a strong and 
agreeable odour of jonquils, Tho eryatallino nodules, when purified, formed an inodo- 
tOHS camphor, and appeared to he the odoriferous oil converted into this camphor by 
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t'xpnsiire to the air. L. A. Buohuor (N. Br. Areh. -riii. 70) obtained aimilar resnlte by 
applying Bobiqiiet’s process to the flowers of Phladelphns, Tdia, and Seseda. 

i. The less volatile oils, and more espeoially the camphors, are likewise frequently 
extracted by alcohol or ether, from wluA they are afterwards separated by evaporafiott 
and cooling 

Many gtim-resins, such as myrrh, do not yield the oil which they contain, or at least 
yield it very imperfectly, by distillation with water, because it is enveloped in gummy 
in.ittoL's To extract the oil from these gum-resins, they are pulverised and then ex- 
hausted three times with an equal quantity of cold alcohol, agitating frequently, and 
leaving the whole to stand for some tune ; the filtered tmeture is tlien poured into a 
tubulated retort, both apertures of which are left open, and exposed for some months to a 
teinpcratm'e of 12*' — 21“ till the greater part of the alcohol is evaporated (if heat were 
opphed, the oil would likewise pass over) The turpentine-like residue is then covered 
with water, and distilled after twelve hours, whereupon the oil passes over m abundance. 
(Bonastre, J Pharm. xvii. 108 ) 

The product obtained by either of these three modes of preparation rarely consists 
of a simple volatile ml, hut generally of a mixture of two or more oils The lighter 
and more volatile of these is usually a pure hydrocarbon ; the other is either an 
oil containing oxygon, or a camphor. These bodies are sometiines distinguished by 
their melting points : thus, a volatile oil, properly so-called, often holds a camphor in 
solution, and latter crystallises out on cooling, especially if part of the volatile oil 
(winch is more easily vuponsed) has been previously driven off Sometimes agam they 
are distinguished by their different volatility , when such a mixture is distilled, the 
boiliug point is at first low, hut rises as the quantity of the more volatile oil in the 
residue diminishes, till at length, when the whole of the latter has passed over 
(together with a considerable quantity of the, more fixed oil), the hoUing point no 
longer nses, but remains constant In such oases, the more volatile oil generally con- 
sists wholly of carbon and hydrogen, while the more fixed oil likewise contains oxygen 
The former may be distilled without decomposition over fused hydrate of potassium, 
but the more feed oil when thus treated, takes up an additional quantity of oxygen 
from the water of the hydrate of potassium (hberating the hydrogen), and is converted 
into an acid which remama oomBmed with the potash. Hence to separate the non- 
oxygenated oil from such a mixture, it la partly distilled so as to leave behind the 
greater part of the more fixed oil, and the portion which first passes over is made to 
drop slowly, through the tubulure of another retort upon hydrate of potassium kept in 
a state of fusion ; the non-oxygenated oil then passes over pure. (Gcrhardt and 
Oahouis, Ann^ Oh. Phys [8] i. 81.) 

If a volatile oil has been partly converted into a resin hy continued exposure to the 
air, it may be freed from tbo resin by distiUatiou with water. Any moisture which 
adheres to the oil may be removed by continued agitation with chloride of calcium, and 
subsequent distillation. 

Properites — Volatile oils differ considerably in colour. Many are perfectly eolour- 
less when pure, others ate yellow, red or brown, and a few are green or blue. All of 
them have powerful odours, some agreeable, others repulsive, and a sharp burning 
aromatic taste , some of them produce a feehng of coolness on the tongue. They are 
not greasy to the touch like fat oils, but rather make the skin bnttle and rough Their 
specifio ^vity vanes from 0 847 to 1‘096 ; but tbe greater number ors hghter than 
water. Their sohdifying points are very unequal, some solidifying at 0°, others 
requiring a much lower temperature, while others again remain solid a few degrees 
above 0°. Most of them, when exposed to a low tetnperatnro, deposit a solid camphor 
or stearoptene (p. 184). Most volatile oils properly so called, boil between 160° and 
200° , oil of copaiba at 260° , and several camphors between 800° and 400° 

Volatile oils possess great refractive and dispersive power, and exhibit great 
diversify in their action on polarised hght, some bemg dextro-, others laevo-rotatory in 
very various degrees, while a few are inaefave. The foUowmgtahle (p. 186) exhibits the 
rotatory power of a considerable number of volatile oils, together with their refi’active 
indices for the lines A, D, and H, as detemined by Gladstone (Chem Soo, J xvu. 
3), also their specific gravities. The rotatory power was determined for a eolumn 
of hquid 10 inches long ; the same length of a solution of equal parts of cane-sugar 
and water produces a deviation of + 106°. 

The blue or green colour exhibited by certain volatile oils, chiefly from plants 
of tbe Composite order, wormwood and chamomile for example, is due to an ody com- 
pound of a very deep blue colour, called coirulein, which may be separated by dis- 
tillation, going over with the last portions of the oil, but has not been obtained pure, 
Tbe solution of this blue substance m oils or alcohol exlubits, when examined by 
a hollow wedge and pnsm (Lioht, lii. 638), a xeij charaoterietio spectrum, in which 
the orange and yellow rays are first absorbed, and at a certain depth nothing is 
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Spe<ytfio Qrmnties and Optical Properties c(f Essential Oils, 





gives the difference between the refractive indices of the lines H and A. The “sen- 
sitiveness" is the amount of diminution of the refractive index when the tempera- 
ture rises 10° , it is calculated for the hne A, and the number 48 is an abbreviation of 
0 0048. The “specific refractive energy’,’ is the refractive index, minus unity, 
divided by the density (Light, lii 625). In the following table it is taken for A, that 
is the column represents — ^ — ' 

These hydrocarbons may be divided into two great groups, the Hne of separation 
being between those from rosemary and cloves. The first group, with n lower specific 
gravity, has always a far lower hoihug point, a smaller index of refraction, and a 
higher seusitivenoss ; it has also on the whole a smaUer dispersion. The specific re- 
fractive energy, however, of the two groups is about the some. The hydrocarbons of 
the first group are also geuaraUy more limpid, and dissolve more fr-eely in aqueous 
alcohol. 

These large groups are further capable of subdivision. The first ten hydrocarbons 
in the table resemble one another very closely. Indeed, it is probable that the three 
which are derived fi'om the peel of the orange, citron, and lemon respectively, should 
be considered as identical rather than isomerio ; and it is not unlikely that some of the 
others are the same body from diflferent plants. Gaultherilene, enrvene, and the hy- 
drocarbon from nutmeg, form a small group, if indeed they are not identical The 
hydrocarbons from wormwood, anise, thyme, mint, and laurel-turpentine, group with 
ordinary turpentine ; bay, myrtle, and rosemary aland alone, each having a low refrac- 
tion and dispersion, but they differ much in specific grai-ify Peppermint is somewhat 
intermediate in its properties. Terebene and the hydrocarbons from parsley and 
Euoaly;pius amygdahna pro high refractive indices It is possible that some of these 
last contain a small quantity of some hydrocarbon of another type but nearly the same 
composition. 

Again, the second large group with the higher specific gravities is capable of subdi- 
vision. Tho hydrocarbons from cloves and rosewood appear nearly, if not quite, 
identical in properties, and are certainly different from patchouli, calamus, and cas- 

Colophene differa from the second large group in mneh the same way as that differs 
from the first, though to a smaller extent. 

AH the members of the first great group, with the boding points included between 
160° and 176°, have the formula 0°®'", which is usually assigned to oil of turpen- 
tine on the ground of its vapour-density and compounds with the hydraeids. 

AH the members of the second great moup, with boiling points ineluded between 
249° and 260° 0., have the formula which is assigned to oil of cubebs from its 

compound with hydrochloric acid. 

Colophene, with a hodmg point of 316° C., has long had the formula assigned 

The specific refractive energy is a property of bodies intimitely connected with their 
ultimate composition, and it might be expected that, notwithstanding diversities of 
boiling point and density, this property woHd he the same for the different isomeric 
hydrocarbons. Yet though the diffeieuces are not great, they soem to be real, for the 
lemon group is uniformly about 0-649 and the tuipentine group about 0 636. 

The phenomena of oireular pohuusation arc not of much uae in the claeBification of 
hydrocarbons, or as a means of distinction between the crude oils ; for it is found that 
different samples of the same hydrocarbon, or of the same oil, which closely resemble 
one another in other respects, frequently differ widely in respect of this property It 
may be observed, however, that the hydrocarbons of the great lemon-group exhibit 
the highest rotatory power, and always to tho nght, excepting that from cascorilla, 
■which belongs to the same group, hut is nevertheless quite inactive. 

Decomyositiona of Volatile Oils — 1 Tliose oils which have a high boding-point are 
partly decomposed by simple distillation, leaving a residue of charcoal ; but when dis- 
tiHed with water, or gently heated in the an-, they may be volatilised without decom- 
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Speoifie Gramtiea, Boiling Paints, and Ojpiteal Properties of Ilydrocarhons from. 
Essential Ods (Gladstone). 


■Spccinc , 

|A.ar=ooc.: 


kilK'h J 


Orango-poel . 

„ Florence 
Cedrat . 
lemon . 

Bergamot 

„ Florence 
Neroli . 

Petit grain . 
Caraway, Hamburg, 
Bill . . . 

CascariHa 
Elder . 

Bay 

Gaulthenlene 

Nutmeg 

„ Penang 
Oaryene . 

„ Eiiraburg, 
Wormwood . 
Xcrobeue 
Anise . 

Mnt 

Peppermint . 
Laurel turpentine 
Thyme . 

Turpentine 1 . 


U- 

” it" 

Eucalyptus aniygdilina 
Myi'tle . 

Parsley . 

Eoaemary 

Rosewood 
Cubeba . 

Calamus 

„ Hamburg 
Cnscarilla 
Patchouli 

„ Preueh 
Colopheno 


14645 
1-4660 
1 4660 
1-4660 
14619 
1-4603 
14614 
14617 

14646 
1-4046 
1-4662 
14631 
1-4542 
14614 
1-4630 
1-4634 
14610 
1-4641 
1-4690 
1-4070 
1 4607 
14622 
1-4677 
1-4637 
1-4617 
14612 
1 4690 
14821 
1-4613 
1-4696 
1-4665 
14866 
14683 
1-4898 
14878 
1-4960 
1-4930 
14976 
1-4926 
1 4966 
14963 
16009 
1 6084 


position. But eyen the more yoUtile oils, when mixed with earthy substances, snob as 
day, chalk, sand, &o., which mechanically prevent their volatilisation, are pai-tially 
decomposed by distillation, combustible gases being evolved, and charcoal left behind , 
if they contain oxygon, they may likewise yield carbonic oxide, acetic aoid, &e. When 
the Ttipoiir of a volatile oil is passed through a red-hot tube, it is resolved into com- 
bustible gases and charcoal, wbicb is sometimes finely divided, sometimes ehining, 
dense, and difficult to burn-, the portion of the oil which has passed over undecom- 
posed 13 often found to be altered in its properties, as, for example, in its boiling 
point. — 2. Tolatils oils are very inflammable, and burn with a clear flame whion 
deposits a largo quantity of soot If the vapour of a volatile oil bo made to issue 
from a flue jet, under a pressure of 1-6 centimetres of mercury, it does not take fire 
tall it has reached a distance of some centimetres from the jet , that is to say. till it 
1ms become mixed with four or five times its volume of air , it then burns ivith a bright 
flame, which no longer smokes, and may be used for illumination.— 3. Eeseotial oils, 
when placed in vessels not perfectly closed, and at the medium temperature of the air, 
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absoA oxygon gas ; aoqnira the power of reddening litmus strongly, from formation of 
benzoic, cinnamic, accbe, and other organic acids; and are then partially converted 
into resins, becoming viscid and less odoriferous, and passing from the colourless state 
to yellow or red-hrown, or from hlue to brown. Oils thus altered are resolved by dis- 
tillation into pure oil and a residue of rosin. The absorption of oxygen takes place 
with different degrees of rapidity in different oils. Per the first few days it goes on 
slowly, then increases in rapidity up to a certain limit, beyond which it again dimin- 
ishes, and after several months becomes imperceptihla. During this change, and 
especially towards the end, the oil exhales a smaU quantify of carbonic anhydride, and 
a still smaller quantity of hydrogen. At the same tim^ a small quantify of very aeid 
water is produced, winch is loosely attached to the resiuised oil, hut may he. separated 
from it either by the appheation of heat or by exposure to the sun. — 4 A similar de- 
composition to that which takes place in the air, is hkewise produced by placing the 
oil in contact with mtroiia gas, which it rapidly absorbs , also by boding the oil with 
oxide of coppa- or pei'oxide of lead, water being then formed; or by digesting it with 
mercuric nitrate or chloride, these bodies being thereby converted into merenrons ni- 
trate and calomel respectively. Volatile oils are likewise resimsed by sianmo chlonde 
snA pentacUende of antimony, the latter often yielding reduced metal. Oils which 
easily reaimsc in the air are likewise immediately thickened by agitation with a warm 
concentrated solution of neutral ferrio sulphate, — 6. Volatile oils absorb chlorine gas, 
with evolution of heat, and ate converted mto viscid substances (ThAnard). Hydro- 
chloric acid is frequently formed in tins reaction, a substitution of chlorine for hydrogen 
likewise taking place. Bromine exhibits similar reactions (Laurent), — 6 Many volatile 
oils proper give up then.' hydrogen to iodine to rapidly, and with so great a develop- 
ment of heat, that an explosion takes place accompanied with evolution of tiolot and 
yellow vapoui's. This is the case with the oils of turpentine, juniper, savine, lemon, 
rosemary, and lavender. 'The residue is a thickened oU or a brown acid resin. These 
oils lose by age the property of deflagrating with iodine — Other oils dissolve iodine 
quioldy, with or witliout evolution of heat, forming therewith a brown, thickish oil, or 
a soft or hard resin, with separation of a brown liquid containing hydnodio acid. Such 
is the case with the oils of cinnamon, sassafras, cloves, rue, tansy, caraway, feunel, and 
peppermint. — 7 Fmning nitno amd decomposes eaaontial ods mostly with great ra- 
pidity, the action being attended with evolution of gas, and with development of heat 
often amounting to the most vivid mflummation , those essential oils which are not set 
on fire by fuming nitric acid, generally burst mto flame when treated with nitric aeid to 
which half its hulk of sulphuric acid has been added. After the combustion, a residue 
of charcoal is left If, however, the oil docs not take fire, there remains a soft, bitter 
resin, which retams nifrio peroxide, even after long washing with water, and a yellow 
or brown acid liquid from which water still separates a resinous substance. Camphors 
are not so rapidly decomposed, several of them, and other volatile oils, are converted 
by heating with dilute nitric acid, partly into peculiar acids (benzoic and amsie acids), 
partly into oxalic acid • Many oils turn yellow when mixed with one-fourth to one- 
half their weight of concentrated nitric acid , others first turn pale red, ften bright 
red, and after twenty-four hours, brown ; others, again, acquire a beautifi.il violet colour 
(Bonastre) — 8 Strong sulphuric aeid mixes with most essential oils, cansinemSeof 
temperature and evolution of sulphurous anhydride, together with a volatile oil which 
smells of strawbernes ; the product is a thick brown liquid, from which water, in many 
cases, separates an isomeric compound (e. g. anisoin from anise-oil) ; m other oases, a 
brown acid substance, which behaves, sometimes hke artifiaal tannin, sometimes like 
an acid resin, dissolves in alcohol and alkalis, and, to a certain extent, also m 
water heatang the sulphuric acid solution causes the mass to carbonise Camphors, 
which usually dissolve without decomposition in cold sulphuric acid, hkewise become 
charred when heated with it. 

Combinations, — « Essential oils and many camphors are shghtly soluble in water, 
to the extent of about 1 pt. in 1,000 ; those which contain oxygen diesolve more freely 
than those which do not. The solution is sometimes obtained by agitating the volatile 
oil with water, but more frequently by distilling the water with substances which con- 
tain the volatile oil. The products are called Sistdled Waters {Amee iwtiUatee). They 
are transpai’cnt and colourless, unless the oil is in excess, m whim ease it remains for 
a long time suspended in the liquid and renders it turbid , they possess the taste and 
smell of tlie volatile oils which they contain. Agitation with a fixed oil (Davies, 
J. Pharm. ix. 16), or with ether, withdraws the volatile oil from the water, and on 
evaporating the ethereal solution, the greater part of the oil is left hehmd (Soubeiran, 
J Pharm xvii. 620; xix. 60) Agitating tho water with common salt separates a con- 
siderable portion of the oil, such is the case with Aqua Fieniouh, Menthm jnpentx, 
and Cmnamomi, and with water containing primrose-camphor. (Hun ef eld, J. pr. 
Chem. IX. 24.) 



190 OIl-S : VOLATILE. 

To determine the quantity of volatile oil contained in a distilled water, half nn ounce 
of the liquid is to he mixed with a small quantity of gelatinous st.ireh, and a solution 
of 1 gram of iodine in 600 grains of alcohol and 1,500 gniins of water added, with 
agitation, till the oil ceases to give up hydrogen to tlio iodine, and consequently the 
iodine begins to impart a blue colour to the starch. It inuat, however, be observed, 
that diffijvent oils destroy the blueing piopetlies of diffHccnt quantities of lodina, and 
that therefore this mode of testing can be applied only for compm'iiig different samples 
of the same kind of distilled water ono with the other 

fl. Volatile oils dissolve readily in alcukol, and most of them mix with absolute 
alcohol in all proportions According to Saiissure, the solubility of different oils 
increases with the qiuntity of oxygen which they contain ; hence also the sumo oil is 
more readily soluble tho longer it has been exposed to the air tinch solutions are 
obtained by distilhng parts of plants which contain tho volatile oil with alcohol and a 
small quantity of water, which prevents ehainng towards the end of tho distillation. 
Many of the preparnbons which apothecaries call “ Spirits ” are solutions of this kind, as 
also perfumed waters, such as Eau de Cologne, Lanender-water, &c. Most camphors 
also dissolve readily m alcohol ; there ai'e hutfew which dissolve with difficulty All these 
solutions hum with a bright flame, which is smoky if the solntion contains much oil. 
■When mixed with water, they turn milky, from separation of the oil, part of which, 
however, remains dissolved in the aqueona mixture. If a volatile oil is mured with 
only a small quantity of alcohol, it does not become turbid when mixed with water, 
and only gives up its alcohol when repeatedly agitated with fresh quantities of water. 

Wood-spnit and acetone behave like alcohol, so likewise do ci/ur and several 
other ethereal liquids, excepting that from the latter the oils cannot be separated by 
water Sulphide of carion mixes in all proportions With volatile oils, and dissolves 
camphors 

Volatile oils mix with/ais, dissolve most resins and resinous eolounng matters. 
and several oiganio bases , they also mix with ono another. 

■With the aid of heat, they dissolve a tolerably large quantity of phosphorus, 
forming a hquid which shines in tho dark, and deposits the greater part of the phos- 
phorus on cooling 

They also, when heated, dissolve a small quantity of sulphur, which crystallises out 
again on cooling ; when boiled for some tune with sulphur, they unite in the decomposed 
state, with considerable mianlities of that substance, forming a brown, grea.sy, stinking 
mass, called Volatile Balsam of Sulphur, which, if heated for a longer time, quickly 
evolves a large quantity of sulphuretted hydrogen gas. Most camphors may also bo 
made to unite with sulphur aud phosphorus by fusion, 

y. Many volatile oils and camphors absorb large quantities of ligdrocMorto cund gas, 
producing great rise of temperature, and forming sometimes oily, sometimes camphor- 
oidal compounds, m which the chlorine cannot be detected by nitrate of silver With 
hydrobromto aoid gas they behave in a similar manner Many of them combine with 
chlonde eif phosphorus and chloride of sulphur, the combination being attended with 
evolution of heat. They likewise absorb small quantities of enrhonio oxide, carbonio 
anhydride, and nitrous oxide and larger quantities of sulphurous anhydride, sulphy- 
dric acid and fluoride of culomm 

8. Volatile oils mix readily with hydroegade acid, abstract that acid from water, 
and form a mixture which does not readily decompose, and is especially heavier than 
water (Iftner). They absorb a few volumes of aganogen gas, and dissolve iodide of 
cyanogen with ficdity. 

f. Many volatile oils and camphors are capable of mixing with certain organic acids 
sneh as acetic, succinic, benzoie camphoric, subeno aoid, and the fatty acids. Strong 
acetic acid dissolves many volahlo oils and camphors (Ponreroy and Vauquelih, 
Scher, J v 282; Vauqiiolin, Ann. Chim Phys. xix. 279) Acetic acid, which holds 
volatile oils in solution, reduces mercurous nitrate or silver mtrate at a boding heat, 
but not so quickly as formic acid. (W alcker.) 

C Only a few oils, which contain oxygen, aud have a slightly acid character, viz. 
creosote, oil of cloves, and oil of pimento, absorb atimoniacal gas in abundance, dis- 
solve m aqueous alhalis, and form with these and other bases, saline compounds, in 
which the odour of the oil is destroyed. 

Volstile oils dissolve oxide of copper at ordinary temperatures, hut reduce it on 
application of beat (A. Vogel), they dissolve protoxifle of lead with faedity 
(Schweitzer), mix with chloride and fluoride of arssnic ; and abstract corrosive 
sublimate from its aqueous solution, whereby they become thick and sohd They also 
separate chloride of gold from its aqueous solution , and on subsequent exposure to 
li^t, the gold is set free in the metaUic state. 

Adulterations of Volatile Otis , — Tho more expensive of these oils are often 
adulterated with cheaper oils of the same class, also with fixed oils and with alcohol. 
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L With OiU.~l. Oils thtis adulterated leave iiMn paper a peasy spot, whioli 

remains even after loiig-coutiuued warming at 100” — 2 When the mixture is distilled 
■with water, the volatile oil passes over, -while the fixed oil remains, and maybe detected 
by saponifying it mth potash, — 3. On dissolving the volatile oil in three times’ its 
volume of 80 per cent, alcohol, the greater part of the fixed oil remams undis- 
Bolved. 

II. W^th, Alcohol. — 1. VTliBu the proportion of alcohol is large, the greater part of 
it may be extracted by wafm-, the liquid acquiring a nullcy turbidity. Hence the 
quantity of alcohol may be determined by shaldng up the oil with an equal bulk of 
water in a graduated test-tube, and observing the diminution of volume (Lipowitz). 
The result, however, is not quite accurate, hecanse the separated oil still retains a 

portion of alcohol 2. The mixture, when distilM with water, gives off the alcohol 

at the very beginning of the distillation , and this first distillate, when concentrated 
by rectification yields alcohol, easily recognised by its smell, taste, density, boding 
point, and flame — 3 Into a graduated tube, two-thirds filled with the oil, some 
pieces of chloride of calcium, free from dust, are introduced, and the whole is heated for 
five minutes ou the water-bath, with frequent agitation. If no alcohol is present, the 
lumps of chloride of calcium appear unaltered after cooling , if a small quantity is 
present, they appear effloresced and baked together; and a larger quantity causes them 
to deliquesce with the alcohol into a fluid layer, the oil floating on the top, anji appear- 
ing diminished in volume in proportion to the quantity of alcohol present — 4 Potas- 
sium oxidises in the aloohohsed oil, -with evolution of gas; and the more quicltlv as the 
proportion of .alcohol is greater Twelve drops of the oil are poured into a watcVgloss, 
and a piece of patassuun as large as a pin’s head is introduced If the potassium re- 
mains uiiiiltered for 12 to 16 minutes, the oil is pure, or at least does nob contain more 
tliau 4 per cent alcohol, if it disappears in less than a minute, the oil contains 26 per 
cent, alcohol or more — 5 A pure volatile oil agitated with an equal volume of ohve- 
oil yields a clear mixture , whereas that which contains alcohol forms a turbid mixture 
the alcohol being separated (Eighini, X chim m6d. xx 361.) 

Ill Aduliii ations of e.t^ensivs Ods with Oil of Turpentine — 1, The presence of this 
adulteration may he detected by the smell, especiaily on rubbing the oil between the 
hands, or after setting it on fire and then blowing it out — 2. Since oil of turpentine is 
less soluble in hydiuted alcohol than m.iny_ other oils, the suspected Oil may be agitated 
with Its own hulk of 80 per cent aloohnl ; if oil of turpentine, anise, or fennel he pre- 
sent, the solution is incomplete. — 3 Oil of turpentine mixes much more easily -with lined 
mis, than the oils of marjoram, lavender, vmermn, sage, peppermint, or wormwood. 
If, therefore, 3 grms. of the suspected oil he agitated with 3 grms of poppy oil, and 
the mixture remains turbid, we may conclude that the oil is not mixed -with turpentine; 
for even a small quantity of the latter would render the mixture clear. This method 
is not applicable to the oils of thyme and rosemary (Moro, J chim. mid. xxi. 93) — 
4 Many volatile oils dissolve the colouring matterof sandal-wood, butoil of turpentine 
does not ; the presence of the latter will, therefore, diminish the solvent power of the 
other oil (Vogot, Ann. Pliarm vi 42). — 6. Oil of turpentine becomes strongly heated 
and detonates by contact ■with iodine, many otlier oils do not, hut if the latter are 
mixed with only a small quantity of oil of turpentine, they likewise detonate by contact 
with iodine. (Tuchen) 

OIS AHITB. An old name for Anatase, from Oisans in Bauphiny, 

OKEIVXTE. Pysclasite — A hydrated silicate of calcium, occurring m the BaroS 
Islands, Iceland, and Greenland, sometimes in prismatic crystals, probably trimetrio 
and having the angle ool? ooP ^ 122” 19', but more generally massive and fibrous. 
Hardness = 4’5 to 6. Specific gravity =2 362 (Connell) , 2 28 (Koball) White, 
with a shade of yellow or blue, and a pearly lustre. Often opalescent, subtransparent 
to subtranslucent. Very tough Analysis 1 is by v. Hauer; 2 by Kob ell (ffam- 
melshorg's Mineralthemis, p. 804); 

SIO". FeiOS Ca=0. NaUQ. K^O HiO 

1 Discoe Island, Greenland 54 81 . . 27'23 . . . . 18 04=100 08 

2. Taioe . . . . 67 69 0 64 26-83 0 44 0-23 14-71 = 100 44 

These analyses lead to the formula Ca’0.2SiO” 2H”0 or perhaps Cca"H”SPO“ H“0, 

which is that of a hydrated metasibcate 

OIiEAMCISE. O'^H^’lSrO = N ffiG«'H'»0.— Produced by the action of alcohoho 
ammonia on oil of almonds (Eowney, Ed Phil. Trans xxi pt, 2, Chem Soc Qu. 
J vii 200), or oil of hazel-nuts (Carlet, Bull Soc. Chim 1869, p 73), and purified 
by pressure and recrystaPiaation from alcohol It forms crystalline nodules , begins 
to melt at 79°, becomes perfectly flmd at 81”, and solidifies to a semi-transparent mass 
at 78” (Bowney); at 76° to a highly crystalline mass (Oai-let). It is insoluble m 
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viater, but disaolTes eaeily in ■warn, akolwl, becomes yellow and rancid when exposed 
to the air ; and is decomposed by heating in a sealed tube with alcoJiolw potash, 
yielding oleate of potassium (Onplot). It is also decomposed by fusion with hydrate 
of -potassium, not by Wling with aqueom? potash. (Kowuey ) 

The conversion of oils and fats into amides hy tho action of ammonia was first 
noticed in iSii hy Boullay (X Plnirm. v. 329), who however did not obtain them 
pare, and regarded tho products obtained from different oils as one and the same 
amide, which he called •margaramiAe 

ELiioAiirDE, isomeric with oleamide, is obtained by enclosing 1 vol. olaidin 
(prepared from almond-oil with nitrons acid) with 4 vol, aqneons ammonia and 2 voi 
aleohoL It forma colourless shining needles which melt partially at 02°, and com- 
pletely afc94“, the hquid solidifyiiig to an opaque mass at 91°. (Eowney.) 

oijEEirE!. Syn. with IToHZLani!. 

OliEPlA.N'T OAS. Syn. with Ermnam. 

OXiEFIN’ES. Hydrocarbons, C”H®*, homologous with ethylene; so called from 
their property of forming oily compounds with bromme and chlorine, like Dutch hquid 
(see Eydbooaebohs, lii. 187). 

OXEIC ACIXt. C'lE^O* =» Ohevreul, Seeherches sur ks corps 

gras, p 206 — Tarrentrapp, Ana. Oh. I’harm. xxxv 108. — Gusserow, Kastner's 
Archiv f Ghom ii Meteorol i. 73 — Laurent, Ann CkPhys Ixv 149, — Gottlieb, 
Ann, Oh. Plwrm. Ivii. 40 — Heintz, Pogg. Ann. Ixxxiu. 660 ; bcxxix. 683 , xc 143,-' 
Berth slot, Ann Ch. Phys [3] lib 243. — ^Tbe liquid acid obtained by the saponi- 
ftcatiou of non-drying oils and solid fats. Under the influence of nitrous acid, it is 
transformed into o solid modification called elaidtc aaid. 

f reparation In the mamifaeturo of stearin-candles, oleio acid is obtained by 
treating with dilute sulphuric acid the lime-soap produced by the action of lime upon 
tallow The fatty acids resulting from the decomposition are washed -with hot water, 
and solidify in mass on cooling , and this mass when subjected to pressure, yields a 
hquid neh in olsie acid, hut still retaining a considerable quantity of steano acid. 
After remaining for some time in a cold place, it deposits a quantity of sohd matter, 
and the liquid decanted from this is sent into the market as olm acid. It is an 
impure acid containing, besides stearic acid, a certain quantity of oxy-oloio aeid pro- 
duced by the omdisuig action of the air. 

To obtain pure oleic acid, olive or almond oil is saponified with potash , the soap is 
decomposed by tartaric acid; and the separated fatty aoid, after being washed, is 
heated for some hours in the water-bath, with half Us weight of oxide of lead pre- 
viously reduced to fine powder. The mixture is then well shaken np with about twice 
Its bulk of other, which dissolves the oleate of lead and leaves the stearate , the liquid 
after standing for some time is decanted and mixed with hydrochloric acid ; tho oleic 
aoid thereby eliminated dissolves in the ether, and the etheieal solution whieb rises to 
the surface of the water is decanted, mixed with water, and freed from ether hy dis- 
tillation. The residue is nearly pm-e oleio aoid, containing only a small quantity of 
oiy-oleio acid To free it from this, it is saturated with ammonia, aud tho resulting 
soap is decomposed hy chloride of barium, whereby a precipitate of oleate and oxy- 
oleate of harium is formed, whieb after drying is treated with boding alcohol The 
solution on eooh'ng deposits crystals of oleate of barium, the oxy-oleate remaining 
in solution , and jirom these crystals the oleio acid may he separated in the pure state 
by means of tartaric acid dissolved in water whieb has been previously froed from air 
by boiUng, the decomposition and the buhsequent washing being earned on in such a 
manner as to protect the oleie acid from the action of the air. 

The mode of purifloation j’ust described may be apphed to commercial oleio acid. 

Broperfies. — Oleio acid crystallises from alcoholic solution in dazzling white needles, 
and melts at 14° to a colourless oil, which sohdifies at 4° to a hard, white, oryatalhnc 
mass, expanding at the same time to such an extent that the remaining liquid is ex- 
truded (Gottlieb) Specific gravity=0-808 at 19° (Ohevreul). The acid volatilises 
in vacuo wdthout decomposition (Ohevreul, Laurent). It is tasteless and inodorous, 
reacts neutral when unaltered (not oxidised), also in alcoholic solution (Gottlieb). 
It ocmtiiins, according to the mean of Gottlieb’s analyses, 76'3^er cent, carbon, and 
12 14 hydrogen, the formula C'“H”-'0’ requiring 76’69 0, 12'0G H, and 11 35 0. 

Oleic acid is insoluble in water, very soluble in alcohol, imd dissolves in all pro- 
portions in ether. Cold strong sidphurio add dissolves it witbou) decomposition It 
dissolves solid fats, stearic acid, palmitic acid, &c. (Ohevreul), aud is dissolved by 
hile, with formation of a soap, and strong acid reaction. (Maroet, Phil. Mag, [3] 



OLEIC ACID. 193 

Deccmipositiona . — In the solid state oleic acid ozidises but slowly in the sir ; but in 
the liquid state it rapidly absorbs oxygen, acquires a, rancid taste and smell, and a 
decided acid reaction, no longer eiyatallisos at low temperatures, and forms with barrta 
a salt rery soluble in alcohol. At 100° it absorbs oxygen more rapidly than at ordin^ 
temperatures, and gives off carbonic anhydride. (Gottlieb ) 

2. Oleic acid is decomposed by distillation, yielding sebaeic acid, the proportion of 
which 13 greater as the oleic acid is more nearly pure; the other products of the de- 
composition ore oaprylic, oaproic, and acetic acids, several gassons hydrocarbons, and 
carbonic linhydride. The formabon of sebacic acid by distillabon serves to distingmsli 
oleic acid from other ody acids. (V urrentrapp ) 

3 Oleic acid heated with hydrate of potasmm gives off hydrogen, and forms pal- 
nutate and acetate of potassium (Varreutrapp). 

0'»H»<0= + 2KHO = C'“H«KO=i + C“H»KO» + H’. 

4. Distilled with ons-fourth its weight of quiajihme, it yields a neutral uuaapo- 
niflahle liquid, probably oleone (B ussy, Ann. Ch Pharm ix. 271). When 10 pts. of 
crude oleic acid are mixed with 3 pts. of slahod lime, then with 3 pts. soda-lime, the 
nia.s3 distilled, and the distdlata collected in a cooled receiver, liquid products are 
obtained, amounting to two-thirds of tho oleic acid, and gases are given off consisting 
chiefly of ethylene, tctrylene, amylene, and olefines of higher atomic weight 
(Borthelot, Ann Ch Pbys. [3] liu. 200.) 

6 Oleio acid distiUed with sulphur gives off snlphydrio acid, and yields a red- 
brown stinking oil, called by Anderson sulphide of odmyl, but perhaps consisting 
mainly of tetryho mercaptan (p. 173). 

6 Oldonne and hromne in presence of water, convert oleic acid into dicbloroleic 
and dibromoleio acids lespeohvely iodine excites no action upon it (Lefort). Bromine 
added drop by drop to pure crystallised oleic acid, forma tnbromo-dioleio acid. (Burg, 
p. 194 ) 

7. Strong sulphurio acid dissolves oleio acid, forming a solution which is precipitated 
by water , on heating the hquid, it blackens and gives off sulphurous anhydride. 
(Gottlieb.) 

8 Nitrous acid converts oleio acid into elaidio acid, a solid body isomeric 

9 Strong^ nitric acid attacks oleic acid with violence, giving off red nitrous vapours, 

and producing volatile acids of the series C"H-”0', viz. acetic, propionic, butyiio, 
Valerie, oaproie, oananthylio, oaprylic, pelargome, and capric acids , and fixed acids of the 
series viz subeino, pimoUc, adipic, lipic, and azelaic aeid.s, the number and 

proportion of those products varying with tlie duration of the action 

Oleio acid heated with an equal weight of glycenn yields triolein j with excess of 
glycerin, monolein. Heated with glycenn, and hydrochloric, tartaric, phosphorie, 
or sulphuric acid, it yields oleins containing also the radicle of the second acid, 
(Berthelot.) 

Olextes. The formula of the neutral oleatesis or accord- 

ing to the atomicity of the metal ■ there are likewise acid oleates. Tho neutral oleates 
of tho alkah-motals are soluble m water, and not so completely precipitated fiiom their 
solutions by tho addition of another soluble salt, as the stearates and palmitutes. The 
aeid oleates aie liquid and insoluble in water 

The oleates dissolve in cold absolute alcohol and in ether, a property hy which they 
may be distinguished and separated from the stearates and polmitates. 

It IS somewhat difficult to prepare the oleates in a .state of purify, in consequence of 
tho rapidity with which oleic acid oxidises in contact with the air The best mode of 
proceeding is to decompose oleate of barium with the snlphato of the base which is to 
ha combined with tfte oleio acid The two salts are pounded together, and digested 
in a closed flask at a gentle heat with alcohol of specific gravity 0'833. Sulphate of 
barium, is then formed, and the oleate of tho other base dissolves in the alcohol, from 
which it may be freed by distillation in a current of hydrogen. 

Oleate of Ammonium \a gelatinous and soluble m water. It may be produced 
by digesting oleic acid in the cold with aqueous ammonia 

Oleate of Barium, C“H‘''‘Ba''OS the preparation of which has already been 
described (p. 192), is crystaBino and infusible at 100° when pure, but when altered 
by contact with the air, it malts below 100°. 

It dissolves in warm dilute alcohol, and the solution on cooling deposits flocks con- 
sisting according to Gossmanh (Ann. Ch Pharm, Ixxxvi. 322), of an acid salt 
C™H»<’Ba"0' 2C'"H=<0». 

Tho oleates oi.caloium and strontium closely resemble the neutral barium salt. 

Oleate of Chromium is amorphous and violet coloured. — Oleate of oohalt is 
Von IV 0 
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bluiali and pulrerulant. — QhaU of copper is a green precipitate extremely fusible, per- 
fectly fluid at, 100°. 

Oleate of Cohalt. Oleate of potassium added to a hot solution of sulphate of 
cobnlt, forms first a blmsh-greon, then a green precipitate, which settles down very 
slowly. (Ohevreul.) 

OUate of Copper. By precipitating cupric sulphate with oleate of potassium or by 
■warming oleic acid with cupric oxide, a salt of fine green colour is obtained, which 
becomes quite fluid at 100° (Ohevreul). It dissolves m all proportions in alcohol 
■with bluish-green colour; wim a small quantity of alcohol, it forms an oil. (Unver- 
dorbon.) 

Oleaies of Lead. The neutral salt, C?*H“Pb''0‘ is prepared by dissolving oleic 
acid in absolute alcohol, adding an excess of dry carbonate of sodium, and heating 
gently, so that the vapour of the alcohol may expel the air from the flask. As soon 
as the liquid exhibits an alkaline reaction, it must be rapidly filtered, slightly diluted 
■with water, and left to cool ■with the vessel covered ; then precipitated with noutrnl 
acetate of lead, again quickly filtered, and the precipitate of oleate of load washed in 
a cool place. After drying in a -vacuum, it forms a light white powder, which melts at 
80° to a yellow hqiud. It dissolves very slowly in cold ether, but quickly in 
boiling other if well stirred. It is likewise soluble in oil of turpentine and in rock-oil, 
the solution saturated while hot solidifying in a gelatinous mass on ooobng —When 
altered by contact ■with the air, it becomes gelatinous. (Gottliob.) 

A bttsus oleate of load, C“H*'Pb"0*.Pb"0, is obtained by holding oleic acid with 
excess of basic acetate of lead. It is soft at 20° and liquid at 100°, (Ohevreul ) 

OUate of Magnesium, is granular, soft and diaphanous, 

(Ohevreul.) 

OUates of'Mercurg. The mercuric salt is precipitated in white floolcs, which 
become greasy when washed, and dry up to a solid mass , it dissolves sparingly in 
cold alcohol, more easily in hot alcohol and in ether (Harff, N. 23r Arch, v 80#).— 
The merourotis salt, 0"H“(Hg’)'0*, forme greyish-whits flocks, becoming bluish when 
i'y. Insoluble in water and in cold alcohol, soluble in hot alcohol, and in ether 
whether hot or cold, Forms ■with ammonia a black powder containing ammonia. 
(Harff.l 

OUate of Nickel is a greenish-yellow precipitate which settles do^wn slowly. 
(Ohevreul.) 

OUates of Potassium. The neutral salt, 0'®H”KO®, obtained by heating equal 
parts of potash and oleio acid with a small quantity of water, forms a gelatinous mass 
which maybe purified by dissolving it in alcohol. The solution evaporated to dryness 
leaves a white ftiuble odourless salt, which deliquesces in moist air, dissolves com- 
pletely in i pts. of water, forming a viscid liquid, a larger quantity of water decom- 
poses it, separating a gelatinous mass of the acid salt. It is decomposed by acids, 
even by carbonic acid, when a stream of the latter is passed through the aqueous 
solution cooled to fi“. Acid oleate of potassium is insoluble m water, but soluble in 
alcohol even in the cold ; the solution has an acid reaction. 

OUate of Silver. Produced by double decomposition, but reduces almost as 
soon as formed. 

OUateof Sodium, C“H"NaO*, is obtained like the neutral potassium-salt. Ac- 
cording to Varrentrapp, it crystalliaes when its solution in boiling absolute alcohol is left 
at rest. It dissolves in 10 or 12 parts of water, but is not deliquescent By contact 
■with the mr it becomes gelatinous. 

■ OUate of Zine. White powder melting below 100°. (Ohevreul.) 

CMonne- and Brondne-denvatives of Oleio acid. 

1 JDiohloroleio aoid, C'*BP“01’0’. — Obtained by the action of chlorine on oleic 
acid in presence of water Brown oil of specific gravity 1 082 at 8°, more viscid than 
oleic acid. Eeddens litmus. Bods at 190°. (Lefort, J. Pharm [3] xxiv. 113.) 

2, Libromoleio acid, — Obtained in like manner. Brown oil of 

speciflo gravity 1-272 at 7’6°. Eeddens Etmus Boils at 200°. (L efort ) 

3 Tribromo-dioleie acid,C?‘B.’^'B>Tf‘0'. Produced by addingbrominedropbydrop 
to pure crystallised oleic acid. Viscid liquid haying au agreeable odo-ur, soluble in 
alcohol and ether, deoomposible at 170°. It is monobasic and forms uncrystaUisable 
salts. The barium~saU is a pitchy mass soluble in ether, insoluble in alcohol The 
aeid treated ■with moist silver-oxide yields oxy-oloio acid, in the form of a viscid 
liquid having a raneid odour and solidifying after some time. It (a monobasic, and 
forms a gummy, deliquescent barinm-salt. (Burg, J. pr. Chem. xoiii. 227.) 
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Jotds related to Oleia add. 

o. Htdbolem and Metoibio Acids — ^When snlpholeie acid (produced by the 
action of aulpburio acid upon dlein at low temperatures) is left to itself in the cold, it 
yields an oily acid called by Fr^my, meta-olde aoid. It is insoluble lu water, very 
spanugly soluble in alcohol, very soluble in ether. It gave by analysis 7S'7 per cent, 
carbon, and 11-9 hydrogen 

Rydroleic acid is obtained, according to ]?rdmy, by boiling the snlpholeie acid 
after all the meta-oloic acid lias been deposited. It is oily, insoluble in water, very 
soluble in alcohol and ether, and contains, according to Fremy, 72-9 — 7S-3 per emit, 
carbon, and 11'8 — 11 9 hydiugen. Both these acids are decomposed by dry distillation, 
yielding carbonic anhyinde and oily hydrocarbons homologous with ethylene, viz. 
hexylene and nonylene, — (Pr Amy, Ann. Ch. Phys. Ixv. 128). Tha composition, and 
indeed the existence of these acids, is very donbtfuL 

0 Elaidio Aotn, the solid fatty acid isomeric with oleic acid, produced by the 
action of nitrous acid on the latter, and Lmonnia Aom, tha fatty acid of drying oils, 
have been already described (n. 368 , in. 700). 

OUEIC ETHERS. OtSATE OF Etsvi. or Olde Ether, 0™E™0® = G'»H;”(C2H*)Oi‘. 
— (Laurent, Ann. Oh. Phys. xxrv. 298. Varrontrapp, Ann. Oh Phorm xixv. 
206 ) — This ether is obtained by passing dry hydroohlorie acid gas into a solution of 
oleic acid in about three tunes its volnme of alcohol. Etberiflcation takes place in a 
few minutes, and the ether separates ftom the liquid. _ It may also be prepared by 
treatiug oleio acid with a mixture of alcohol and sulphuric acid 

Oleic ether is a oolmuless liquid of specific gravity 0’87 at 18° ; soluble in alcohol 
and deoomposible by distillation Mercuric nitrate transforms it in 24 hours into 
elaidie ether (ii 380). 

OinATE OF Meteii,, = 0'*H®(CH*)0> obtained in like manner, is an 

oily liquid of speoiflo gravity 0'879 at 18° , it is converted by merenrie nitrate into 
elaidate of methyl, 

OnBATES OF Glyobbyl. Obeins, — T hree of these compounds have been obtained by 
heating oleio acid with glycerin in sealed tubes, viz. : 

Monolein .... C«H«0^ = 



Triolein , ... = (SS’)*!°* 

They result, like other glycerides, ftoni the union of the acid and glycerin, with 
elimination of the elements of water 

Monoletn, = O'^H^'O* + C’H'O* — H’O, is an oily hquid which soli- 

difies at about 15°. Specific gravity 4'947. (Analysis 71'4 per cent C and 11'66 H; 
calc 70 8 0 and 11'3 H). — It is very slowly sapomfled by oxide of lead. Alcohol and 
acetic acid do not decompose it at 100°, a property which it shares with natural ’olein. 
In the barometric vacuum it volatilises without decomposition. 

It may be produced by beating glycerin and pure oleio acid to 200° in a sealed tube 
for 18 hours, or a mixture of oleate of ethyl, glycerin, and hydroohlorie acid to 100°. 

Diolein, + OWO® — 2H?0, is obtamed by heating 

natural olein (triolein) with glycerin to 100° for 22 hours. — ^Its specific gravity is 8'021 
at 21°. It begins to crystaUiss at about 16°. It gave by aualysia 73’6 per cent. 0 
and 11’96 H (calc. 76’2 C and 12 1 H, from the formula C“H”0“).* 

Trioictn, O^H'^O* ». 3C'®E**0' + 0“E®0* - 3B?0, is obtained by heating to 
200° a mixture of equal weights of oleio acid and glycerin, decanting tha layer of fatty 
matter after the reaction is finished, mixing it with 16 to 20 times its weight of oleic 
add, and heating again to 240° for four hours. The neutral matter is extracted with 
lime and ether, the solution is treated with animal charcoal, then concentrated and mixed 
with 8 or 10 times its volume of common alcohol, and the triolein thereby precipitated 
is collected on a filter and dried in vacuo. 

Triolem is liquid at 100°. In contact with the air, it graduaEy turns acid. It is 



ch nmode of formation la not consiatont with th.it 
In anneral, and as moreover It Is very dUBcnIt to 
le that in the formation of these dIacId glycerides 
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slowly Balwniiod by oxide of lead. Analysis 77'6 — 77 2 per cent 0 and 12'2 — 11 5 
H , calc 77 4 0 and 11 8 H 

Tbo olein of animal fats mid non-drying oils (drying oils contain a different glyoendp) 
appears to bo identical with triolein Its composition has not, however, been exactly 
dotei'ininod, for there is groat difficulty in obtaining it pure. 

Chovreiil prepared it by boiling human fat, hog’s-lard, goose-fat, or beef or mutton 
suet in a flask, hltering the solution after leaving it to stand for 24 hours, concentrat- 
ing a little hy evaporation, adding water which separates the olein, then exposing the 
product to cold, and separating the liquid from the solid portion by pressure. In this 
mainicr olein is obtained which does not solidify at 0“ C. 

Olein may also be prepared from olive oil and other glycerides containing it, hy 
pouring upon the fat a cold strong solution of caustic soda, which saponifies the 
steann and the other solid fats, but not tbe olein. The mixture is agitated and gently 
heated to separate the olein from the steorin soap , the hqiiid is filtered through clotli, 
and the olein separated hy decantation from tha alkaline-loy This process succeeds 
with all oils, excepting those which have become rancid, or have been altered by heat. 
(Pdolet, Ann. Ch Phys. xxii. 830.) 

A leas pure product is obtained by treating oil of olive or sweet almonds with cold 
alcohol, and evaporating the solution 

The properties of olein differ somewhat according to tho nature of the fat from 
which It is extr.acted, and the mode of pre^iavation, but when properly prepared, it 
is , colourless, void of taste and smell, insoluble in water, very soluble in absolute alcohol 
and in ether, and of a density between 0 90 and 0 92. It burns inth a very bright 
flame. ‘When saponified with poimh, it yields glycerin and oleate of potassium 
By dry distdlatwn it yields gaseous products, liquid hydrocarbons, sobacic acid, and 
acrolein This .reiiotion affords the moans of detecting olein in fats; for, if the 
product of the distillation bo treated with boiling wutei, a solution is obtained which 
on cooling yields small needles of sebaoic ncid Olein oxidises in the mr, yielding 
the same pioduots ns oleic acid Under the influence of strong mlphuno amd, it is 
resolved into siilpholcio and sulph oglyoeric acids Uitrom imid converts it 
into tho isomeric solid compound elaidin (ii. 380), this property distinguishes olein 
from the liqmd fat of non-drying oils. 

CMonne and bromine act upon olem, producing substihitiM^roduots. 

OiniTB ox Mamnitxi,. Manmte ol%«e, = [c'®H''”0)®|o* (Berthe- 

lot, Ann Oh Phys [3] xlvii. 326) — Obtained by heating oloio acid with mannite to 
120° in a sealed tube, entnrnting the snperfitial fatty layer with lime, exhausting with 
ether (which also takes up calcic oleate, but deposits it on boiling m vacuo) and evapo- 
rating It IS a nearly colourless, neutral, wa^ mass which becomes soft and tenacious 
at a gentle heat and then melts to a yellowish liqmi By heating with potash it is 
resolved into oleic acid and mannitan. 
oiiEXir. See Oliho Bthebs. 

OIiBONB. Oleic acid distilled with lime yields an oily liquid regarded hy Bussy 
(p 193) as the acetone of oleic acid, it has not, however, been obtained pm’e. Vo hi 
(Dingl. pol J cxlni. 30t) appUes the name oleono to an illuminating material 
of similar nature obtained hy precipitating the waste-liquor of soap-works with 
chlonde of calcium, and distillmg the resulting calc nim-salts of fatty acids with 

OESOPHOSPHOKIC ACID. A jihosphoretted fatty acid contained in tho 
brain, — ^When the ethereal extract of brain, prepared as described under CEBEEniiJ 
(i 830), IS treated with ether to separate cerebnn, tho ether takes up oleophosphorio 
acid, often combined with soda, and mixed with olein’ and cholosterin The ethereal 
solution IS evaporated ; the soda is extracted hy an acid ; the residue is dissolved 
in boding alcohol , and the solution is left to cool, tho oleophosphorio acid being then 
deposited The olein and cholostenn still mixed with it may he removed, though 
not completely, by absolute alcohol Oleophosphorio acid thus obtained is gummy, 
generally yellow, and contains fiMm 1 9 to 2'0 per cent, phosphorus. When burnt in 
contact with the air, it leaves a carbonaceous mass containing phosphoric acid. By 
long boiling will water or alcobol, more quickly with acidulated water, it gradually 
loses its viscosity, and is converted into perfectly pure olein, while the lower stratum 
of liquid is rendered strongly amd by the phosphoric acid produced. The same de- 
composition takes place very slowly at ordinary temperatures ; also at the commencement 
of putrefaction of the brain. Fuming nitne acid decomposes oleophosphorio aeid into 
phosphoric acid and. a fatty acid. Alkalis in excess form a phosphate, an oleate, and 



OLEUM JECORIS ASELLI. 


197 


glyoetin. The acid is idsoluhle in water, tat sweBa up sliglidy in tailing water. 
With ammonia, potash, and soda, it immediately forma soapy compounds , with the 
other bases, inaolublo sails It is insoluble in cold absolute alcohol, easily soluble in 
boiling alcohol and m other (ITrimy, Ann. Oh. Phys, [3] ii 474). The muscles of 
vertebrate animnls, shaken up with cold weak alcohol, yield to that bquid a viscid, 
ambergrjs-coloured substanoo, which dissolves hut imperfectly in water, and when 
treated mth sulphuric acid, is resolved into sulphate of sodium and oleophosphorie 
acid. Oleophosphiite of sodium occurs m almost all parte of tho animal body, its 
quantity nicraaaing with the age of the animal, and differing in amount in different 
species of vertebrate animals Fishes with white light flesh (such as the whiting, 
sole, and plaice) contain but small quantities of it, whereas larger quantities are found 
in the herring, salmon, mackerel, salmon tront, and other fishes with firm flesh. 
(Valonoieunes and FrAmy, Ann Oh. Phys [3]] 172.) 

The yolk of tho eggs of oartilaginons fishes contains a fat which is soluble in alcohol 
nnd ether, forms a gum with water, and resembles oleophosphorie acid Phosphoretted 
fats are also found both in the shglitly developed and lu the npo eggs of eactiLigiuous 
fishes. (Valenciennes and FrAmy) 

Ol.S'crni AMlWCAliB SIP? Blill. See Bonn-on, (i. 626) and Dipfbi.’s Oil 
(U. 338). 

OBEUM JBComs ABBIiBI. Cod-limr oil BvtU de foie de monte. Leher- 
thran Stochfisch-ikran. — This oil is obtained from tho bvors of various species of 
Qadm The oil recognised by tlie London phamiacopona is that obtained fi'oni 
the common cod (Gadus Morrhtta, formerly culled Asel/us major), and tho bug (<?. 
iloha or Lota Moha) ; it is received from Newfoundland England was formerly 
supplied with the oil from Bergen, obtained from the livers of the dorse ( Gadus oeUartm) 
and eoiil-fish ( Q. oarbonanus). From this source Germiiuy and the North of Europe 
still receive their supply Cod-liver oil is prepared on a small scale in tho (thetland 
isles and on the English coast, chiefly from tho common cod, tlie hug and tho burbot 
{Lota Old (fans) (Pcfeii u’s Jl/ufcm JiJi'dica, 4th od 1837, n [2'] 779.) 

When the livers of the fishes are espiosed to the sun, light-coloured oil flows out at 
first, but lifter a week or a fortnight, putrefaction sots m and brown oil is obtained. 
(Marder.) 

a. Lruuin Ood-lmr ml. Bark brown, greenish by transmitted light, transparent in 
thin liiyors Specific gravity 0'929 at 17 6° (De J ongh), 0 928 at \6-6° (Marder); 
has a peeiihar odom-, disagreeably empyreumatic and bitter, produces irritation in the 
throat, and reddens litmus slightly (De Jongh) Docs not deposit any solid fiit at 
- 13° (Marder) Soluble m 17 to 20 phs. cold or hot absolute alcohol (De Tough). 
Dissolves at 71° m 1 pt. alcohol of 0 846, forming a solution which becomes turbid at 
62° and deposits the oil at 48°. (Marder ) 

b. Paler brown. Of the colour of Malaga wine Specific gravity 0 924 , bus a 
peculiar, not unpleasant odoim, fishy taste, producing irritation in the throat, and 
reddens litmus strongly Soluble m 31 to 36 pts of cold and 13 pts of boiling 
absolute alcohol. (De Jongh) 

0 . Paler mid dearer. Of golden yellow colour : specific gravity 0 923 at 17’6° 
(De Joiigh), 0’928 at 16 6 (Harder), reacts and tastes hko b, but loss strongly 
Deposits a wHtefat at — 13° (Harder). Soluble in 40 pts cold and in 22 to 30 pts. 
boiling absolute alcohol (Do Jongh) Oil of haddock’s liver has a specific gravity 
of 0 9313 at 11°. (Soharling.) 

Cod-livcr oil consists chiefly of olein and margann, with smaller quantities of free 
butyric acid, acetic acid, constituents of tho bile, gadmn, and other peculiar substances, 
about 1 per ceut of salts, and a small quantity of free phoTOhoms (De J ongh) It 
contains iodine, hromino, and sulphur. As volatile acids, W^agner found butyric and 
capric acids, from turbid eod-hver oil Luck’s gadinic acid (u. 76G) was deposited. 
See analyses of cod-liver oil by Marder (N Br Arch xni. 163); Do Jongh 
(Ann Phai'm xlviii 362), Riegel (N. Br Arch. Ixic, 23), for Winckler’s views 
respecting the oil, see J. pr Pharm. xxv. 140 

When a mixtm'e of cod-hver oil and strong sulphuric acid is heated with an alkali, 
a pungent odour is evolved, like that of oil of rue, nnd on dibtilhng the mixture with 
water, a small quantity of yellowish oil is collected, having the same odour, lighter 
than water, and boding at 100°. 

Cod-liver od treated with alcoholic ammonia, forms a large quantity of amide, 
molting at 80° (Carlet) Eowney obtained a small quantity of amide melting at 
93°, becoming solid and transparent at 94°, containing on the average 76 09 per cent, 
carbon, 12'99 hydrogqn and 4 36 nitrogen, and easily soluble in alcohol. 

Cod-livor od is much used in medicine. It has long been a popular remedy for 
rheumatism and some other oomplaiuts, but its use by medical praetitioiiers is of com- 
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paratiToly reaeut data. It is chiefly pieacnbed in oases of rhenmatism, scrofula, 
chronic gout, skin affections, phthisis and mesenteric emaciation. Its efficai^ may 
perhaps be due to the bromine and lodmo contained m it, though it has often been 
doubted whether it possesses any virtues beyond those of the fat oils in general. 

For further details respecting the composition, properties and uses of cod-liver oil, 
see D 0 J ongh (L hiale defoie de morue envisa^Se sous iom Ics rapports oomme moyen 
tMmpeutique, Paris, 1863) , respecting composition and properties, see also (hnelin's 
IIandl)Oojt{p.\’i. 323). 

OlilBAWni or Incenss, A gum-ream which exudes from a tree, probably a 
species of Balsaviodendron (order Terebmthaeea), growing in Arabia and India. It 
has been biumt from all antiquity in religious ceremonies. It occurs m oblong or 
rounded lamina;, opaque, of yellow or reddish colour, dull and waxy on the fractured 
surface. It softens between the teeth, producing an aromatic slightly rough taste. It 
IS but partndly soluble in water and alcohol, molts with difflculty and imperfectly when 
heated, and bums with a bright white flame on the approach of a taper. According to 
Braeonnot (Ann. Ch Phys. [2] Iviii. 60) it contains 66 per cent, resin soluble in 
alcohol, 30'8 gum soluble m water , 6'2 residue insoluble m water and m alcohol, and 
8 0 essential od and loss Hekm ej er (Jahresh. 1868, p. 482) found in ohbanum a 
gnm which appeared to be identical with gum-arabic According to Johnston [loo, 
cit.) commercial olibanum consists chiefly of an acid resin oontommg, on the average, 
7 -4 per cent carbon and 9 98 hydrogen, agreeing nearly with the formula C“II*“0“. 

Stenhouse (Ann. Ch. Pharm. xxxv. 306), by distilling ohbannm with water, 
obtained 4 per cent, of colourless volatile oil, of spociflo gravity 0'868 at 20°, having 
an odour like that of oil of turpentine, but more aCTeeable , insoluble m aqueous alcohol 
but soluble in all proportions in ether and ubsointa alcohol, and containing 83'83 pet 
cent C, 11 27 H, and 4’ 90 0. 

OUDIC ACID. This name was given by Vairontrapp (Ann. Oh. Pharm. 
xxxv. 210) to an acid obtained by the action of meltmg potash on oloio acid ; according 
to Heintz, this acid is palmitic acid (p. 193). 

ODXGISTXC XBOV. Syn. with Ban Hjehatitb (iii. 837, 393). 

OliIOOCDASB. Soda-spodumne, Natron-spodumen. A mineral of the felspar 
group (u. 618) occurring in granite, porphyry, syenite, serpentine, basalt and trachyte. 
It forms tnclime prisms in which a>',P ; ooP' = about 120°; oP . => 

93° 15', oP : ooF — 116° 37'. Cleavage veiy distinot, parallel to oP and oofm 
Twins common. 

Hardness = 6 Speoifle gravity = 2-68 — 2 69. Lustre vitreous, vitreo-pearly 
or greasy. Colour, yellowish, greyish, reddish, greenish-white, or white Transparent 
to subtranslncent Fracture eonchoidal to uneven. Before the blowpipe it melts 
quickly and more easily than orthoolase, to a glass either clear or enamel-fike. It is 
not acted upon by acids. 

Analyses . — a From Unionville, Pennsylvania ( Unioniie), where it occurs in granite 
with enphyllito and corundum, specific gravity 2 61 (Smith and Brush, Sill. Am. J. 
[2] XV. 211).— 6. Eeddish from old red porphyry (Deles so, Ann. Ch. Phys. [3] 
V. 14). — 0. From the emerald mmes of the Ural, in mica-slate' white; speoiflo 
CTavity 2'656 (Jewreinow, Ilammclsler^s Mineralohemie, p. 613 ). — d From Tve- 
destrand in Norway (Sunstone)- in gneiss, specific gravity 2'666 (Seheerer,Pogg. 
Ann. Iv. 109. — e From the diabase of Chalanges, near Allemont m Dauphiny ; miO:- 
white (Lory, Bull, giolog [2] vii. 642).—/. From Piz Eoaag in the Urisons; with 
hornblende in diorite Massive ; speciflo gravity 2 836 (v. Bath, Zeitschr. d. geolog. 
Geaelltch. ix. 226, 269). — From tho lava of Lake Laach : speoiflo gravity 2 66. 
(Fonqn6, Comptrend xix.46).— A From the trachyte of Teneriife . speoifle gravity 
2'68 — 2 69 (Doville, loc. ett,) — f. From cavities m the lava near Hafne^ord in 
Iceland [Ec^nefjordite, Ivme-digoolase)'-. speciflo gravity 2'729 (Forehhammer, J. 
pr, Ohem. xix. 489) 
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Most of these analyses, and numerous others that have been made of oligoolase from 
various localities, may be represented by the general formula 3M-0.2Al’‘0*.9Si0^ m 
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which the oxygen-pabo of the protoxides, alumina and silica is as 1 ■ 3 : 9 (see il 618). 
The ratio between the hme and alkalis is somewhat variable, but the soda is for the 
most part predominant. An laomorphous mixture containing 2(fJSa.|Ca*)='0.2AP0“ 
9SiO’ would contain 63 01 per cent, silica, 23 55 alumina, 4‘24 lime, and 8 40 soda. 
In oligodase from the Ural (a), and some others, the proportion of alumina appears to 
be considerably greater , this may arise from loss of alkalis by weathering (or it may 
be duo to incorrect determination of the_ alkalis). The mineral from Hafnefjord (i) 
is remarkable for the large proportion of lime which it contoms. 

OXtlGOrr-SPAB. Breithanpt’s name for spathic iron (ferrous carbonate) from 
Ehronfriedersdorf. 

OXiIVE, OUa mropisa. — The development of fatty matter and of mannite in the 
fruit of this tree has been recently exammed by D e Luca (Oompt rend. lin. 380 ; 
It 470, 606, Ivii. 620, Jahresb 1861, p. 739, 1862, p. 606, 1863, p. 611). The 
fruit, which at first weighs only a fawmiUegrammes, goes on increasing in weight till 
Noi ember, its weight when ripe being about 2 grammes, the weight of the kernel 
however increases only from its first development till August, after which it remains 
st.itionary. The density of the entire fruit, which in its early stages is about equal to 
that of water, increases to about 1-04 when the fruit has become quite Mean , and then 
diminishes as the fruit ripens, the ripest fruits having the smallest density (1 007). 
The proportion of water in olives decreases from 60—70 per cent, in the earliastslage 
of the mut to 25 per cent m the ripe fruit. Olives yield to sulphide of carbon a 
vaiiety of substances including colouring matters, and cspoomlly chlorophyll, the 
quantity of which continually mminishes as the fruit ripens. The fat, which is present 
only in small amount in the young fruit, increases continually as the fruit grows, and 
attains its maximum (89 8 per cent ) in the ripe iruit which has lost all traces of green 
colouring. The increased devdopmeiit of fat begins at the time when the weight of 
the kernel becomes stationary The formation of fat is accelerated by the action of 
air and light. 

The green substance of the leaves and fruit of the olive-tree is always accompanied 
by mannite, winch indeed is present m all parts of the tree. The leaves contain at 
first but a small quantity of mamiite it increases as they grow, but diminishes at 
flowering time, and disappears altogether as the leaves turn yellow and fall The 
flowers also contain a considerable quantity of mannite, but those which fall off after 
impregnation contain not a trace of it. Olives when scarcely formed are rich in man- 
nite , the proportion of this substance diminishes however as the fruit grows ; and in 
ripe ohvos, no longer green, but containing the maximum of fat, it is altogether 
absent 

Olives, especially in the green state, contain, together with mannite, a peculiar bitter 
substance, easily soluble in water, less so in alcohol. 

OXiIVlil 0X1, This fat oil is extracted from the fleshy portion or pericarp of the 
fruit of the olive. Several quabties of it are found in commerce The best, called virgtn 
ml, which has an agreeable odour and is used for culinary purposes, is obtained from 
freshiolives by pressure. The oil of second quality, which is more apt to turn rancid 
than the preceding, in consequence of the mneilaginous particles with which it is mixed, 
IS prepared from the pulp of obves from which the virgin oil has been axpi'esaed, by ma- 
cerating it in boiling water, and pressing it again. This oil, called ordinary ml {huile 
tournante), is chiefly used for oiling goods which are to be dyed with Turkey red A 
tlurd and stiU inferior quality of oil, unflit for cnlinaiy purposes, is obtained either by 
presBing the obves a second time with water, or by the use of inferior olives. Lastly, 
a very crude oil called mfernal oil (hiale edeafer) is obtained from the water which 
has been used in pressing the olives, and still coutiuns some of the oil in suspension, 
by leaving it to repose in cisterns called mfers. The inferior kinds of olive oil ara 
used chiefly for burning, in the manufacture of doth, and in soap-making 

Pure obve oil has a pale yellow colour, an agreeable taste, and a very faint odour. 
According to Saussure, its specific gravity is 0-9192 at 12°, 0 9109 at 26°, 0 8392 at 
60°, and 0-8624 at 94°, that of water at 16° being equal to unity, according to Pohl, 
it is 0 91636 at 17'6° compared with water at the same temperature. It boUs at 315° 
(Saussure) The cold-prepared oil contains 77 36 per cent, carbon, 11 46 hydrogen, 
and 11-29 oxygen (Lefort.) 

Olive oil is resolved by saponification into glycerin and fetly acids, -which, according 
to the older statements of Chevreul, and of Pelouze and Boudet, consists of mar- 
gario and oleio acids; according to Collett (J. pr Chem. bdv. 108^ of palmibo and 
oleic acids, according to Heintz andKrng (iftid. Ixx 367) of oleic, palmitic, bntic, 
and perhaps also stearic acid. According to Benecke (Studiin, p. 108) obve oil con- 
tarns oholeaterm. 
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01i7B oil solidifies at temperatures above O'* 0, often at 10°, small grannies sepa- 
rating out ; by ooobng and pressure it may be resolved into apsrmanently fiuid, and a 
Bolidiflabla portion culled ohve-oil taUom, or by Pelonae and Boudet, oteo-margann ; 
it melts at 22® — 28° The permanently fluid portion of olive oil oonaists of triolein 
Olive-oil treated TVith moist aldonim and Irowxtia yields substitution products The 
Monnated, oil is colourless, and of the consistence of castor-oil, of specific gravity 
1’078 at 10°, and contains 20 17—21 01 pnr cent, chlorine The hmmmaied oil is of 
the same consistence, bntliaa a yellowish tint : specific graiity 1 270 at 0’S° , contains 
3g'48_ 36-37 per cent bromine. (Lefort) 

Poi further details on the reactions of olive oil, see Gmchn’e Handbooh, vol. xvii. 
under Triohin. llcspecting the method of detecting adulterations of olive oil, see 
Oils, p 181 


OXIVXiVITS. ’Pnmainc Arsenate of copper. Tharmacochaloite Olimnerz . — 
A eupne phosphato-aisenate, occurring, somobmes m long rhombic prisms or needles, 
sometimes in spherical or ovoid aggregations resembling malaeliito ; sometimes fibrous, 
forming the variety called woo^rsmate {Uolzkupfercre) Hardness = 3. Specific 
gravity = 4 1— -4 4 ; of the wood-arsenato 3 913 Lustre adamantine to vitreous. 
Colour ohve-gceen, or sometimes brown. Streak olive-green to brown Subtran^areut 
or opague. rracture, wlion observable, oonchoidal or nuevon Brittle. 

The principal localities of the mineral are the Eedruth and other mines in Cornwall ; 
it is also found on Alston Moor in Cumberland , at Oamsdorf and SaaMeld in Thur- 
ingia; m the Tyrol, the Baonat, Siberia, Chile, and other places. 

'PliB fnllnwinir annlvaes are of anecimens from the Cornish mmes CHammelsborir’a 


Arscnio Anhydride . . 39 86 36 71 33 50 34 87 40 50 

Phosphoric Anhydride . . . . 3'36 6 96 3 43 I'OO 

Onpnc Oxide . . . 66 42 66’43 66-38 66’80 61'03 

Perrons Oxide . . . . S 64 

Water . , ' . . 3-73 3 60 4'10 3'72 S-8S 


lOO'OO 100-00 100 00 98 88 100 00 

The analyses lead to the formula 40u"0 (As ; P)’0*.H^O or du’(As ; P)»0’. 
Cu"H*0“, which, if the number of atoms of arsenic be supposed to ho six times as great 
as that of the phosphorus atoms, wiU give 36-70 percent Aa’0“, 3-69 P*OS 67-40 OuO, 
and 3 21 H-'O. 

Ohvenito is hom<Eomorph.ous with libethemte from Hungary, Cu®P’0' Chi'H'O’. 

OIil-VEN-OID. Shepard’s name for a mineral resembling olivin, -which he sup- 
poses to exist in certain meteontea. 

OtlVII., 0"H"0“. (Pelletier, Ann. Ch.Phys. [2] lii. 106, !i 196 Sobrero, J. 
Pharm. [S'] iii 286 ). — A neutral substance occurring together with resin and a little 
benzoic acid in the gum of the olive-tree To obtain it, the finely powdered gum is 
digested with ether to remove the resm, and the residue is boiled with alcohol. The 
quieldy-filtered solution solidifies to a ciystaUine mass, which is purified hy washing 
with coldalcohol and re-crystalhsing from a boding alcohoho solution, (Pelletier, 
Sobrero) 

Ohvil separates from absolute alcohol in colourless anhydrous crystals, which are in- 
odorous, and have a bitter-sweet, somewhat aromatic taste. At 118° — 120° it melts 
without loss of weight to a transparent liquid, whidh solidifies, on cooling, to a colour- 
less at yellovrish transparent resin, which cracks, and. when powdered, becomes electric ; 
lieated to 70°, it again becomes fluid, but mystallises from alcohol m its original 
state It is very soluble in water, especially at the boiling heat, it dissolves in all pro- 
portions in boiling alcohol, and m small quantity in ether and in oils. 

Anhydrous olivil contains, according to the mean of Sobrei-o’s analyses, 61-01 per 
cent, carbon, and 7-08 hydrogen; the formula C'<H‘®0’ requires 61 09 earhon, 6-9 hy- 
drogen, and 32 01 oxygen Ohvil crystalhses from water in colourless transparent 
prisms, containing 0i-'H"‘0*.H“0 or 6 33 per cent, water, half of which they give off 
when dried in a vaenum and the whole when melted. 

Decomposat! ’ " i'' - ’ ‘ ^ ^ dtsiiUatwn, melts and puffs up, giving off 

water (acetic ' ■■ ■ md pyrolivilic acid, whilst ahlaek pasty 

mass, partially ' behind. By prolonged heating, other vol- 

atile products, differing from pyrolivilic acid, are obtained, tdl at last oharcoid remains 
(Sobrero). — 2 It burns with a white flame, and leaves a large quantity of porous char- 
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eoal. 3. Ghlonne, paeead into aqueous olivil, throws down brown flaies containing eWo- 

rme, which are afterwardadseoiuposediWitbovolntion of carbonic anhydride— 4. Strong 
siilphunc acid colours oliril blood-red, and then carbonises it; &om a moderately 
dilute nquoous solution of olml it precipitates olivirutin. — fi. oliril absorbs 

kydrocMone amd gas, becoming transparent and green, and, on heating, is converted 
into olmnitin (p. 202), — 6 Strong mine add attacks it violently, with abundant evo- 
lution of nitric peroxide. With nitnc acid diluted with its own volume of water, it forms 
a deep rod-yellow solution, which, when heated, becomes nearly colourless, evolving 
scarcely any red finnes, but much hydrocyanic amd, and contains, after the reaction, a 
large quantity of oxalic acid — Voiyweak nitno acid colours aqueous olivil reddish- 
yellow. — 7. A solution of olivil in oaustio potash assumes a yellowish-green, afterwards a 
brown colour, more especially on exposure to the air. — 8. Ohrormc aetd and dichromate 
of potassium precipitate aqueous ohml in brown flakes, which soon become green and 
granulated, and appear to consist of the chromium-salt of an acid formed fay the oxi- 
dation of oliviL No gas is evolved in the reaction — 9. Peroxide of lead is decolorised 
by boding with aqueous olivil, without evolution of gas, and, after some days' boiling, 
IS converted into a light powder containing oxide of lead and a resmous oxidation-pro- 
duct of olivil. — 10 Aqueous olivil colours sulphate of copper, on bodmg, psla-green ; 
it immediately reduces poM and sifacr-saffs. (Sohrero.) 

Lead-salt of Ohml. On adding ammonia to a solution of nitrate of lead containing 
a large excess of olivil, a white precipitate is formed containing 34 4 pay cent, carbon, 
3-4 — 3-7 hydrogen, and 46'2— 4fi'0 lead-oxide, agreeing nearly with the formula 
C“H'»0»PpV'0. 

OIiZVIlv, Chrysolite, Soltomie, Foretertte, QlmJeite, 'BydLosidentc, Fendote — 
A silicate of iron and magnesium 2(Mg; Fe)"O.SiO' or (Mg" , Fe")“SiO'*, occurring 
sometimes in transparent oryattila (clnyaolite), hut more usually in imbedded masses or 
grams, in lava and basalt, aud in many meteorites (lu. 077). The crystals are triiuetrie, 
Saving the ratio of the axes o 6' o = 0‘466 ; 1 : 0'6867. Angle coP ooP =• 
49 58 , £0^2 : ooj2 = 86'0°, P» ; Pw (basal) = 00'^ 48', 2Poo : 2P<» (basal) = 
99° 7’; P® S’® (basal) = 103° 6'. They are nsuallw short pnsins formed by the 
vertical prismatic faces above mentioned and the faces coP« and toPeo ; the ends are 
bevelled with one or more of the above-mentioned domes, or tennmated by the basal 
face oP, the latter however seldom predominating. Cleavage tolerably easy parallel to 
wP« (Kopp’s Krystallographie). Hardness =67 Specific gravity = 3'S3 — 8 6. 
Lustre vitreous Colour green, commonly ohve-green, sometimes brownish, black m 
some highly 'ferruginous varieties, rarwy white. Streak uncoloured. Transparent. 
Praoturo ooneho'idal. 

Olinu rich in iron molts before the blowpipe to a black magnetic head, but the varis- 
, ties containing but little iron are infusible Ohvins are decomposed by liydrochlono 
acid, the iron ohvins also more easily than the others. According to v. Koball, oUvitt 
forma a jelly with sulphuric acid. 

Analyses a. Forstente from Somma white, crystallised ; specific gravity 8‘243 ; 
slowly gelatmising with silica (Bammolsberg, Mineraloheme, p. 437) —h. Soltomto 
from Bolton, Massachusaetts : greenish-yellow, specific gravity 3 328 (Smith, Sill. 
Am. J [8] xviii, 371^.— o. Oralna from the Tbjorslava, Heela ; specific ^vity 3 226 
(G-enth, Ann, Ch, Pharm Ixvi. 20) — d. Chrysolite, from the East (Stromeyer, 
Pogg Ann. iv. 193).— e. Prom the fonoarolc of Maacala, Etna: cryatallisad , speoifla 
gcamty 3’334 (v. Waltershausen, Vulkanisoha Gesteme, p. 117).—/. Prom 
Petsehau in Bohemia, in basalt (Rammelsberg) — g. Prom the Pallas meteorite 
(Stromeyer, lac. cit.). — h. Prom tbe meteorio iron of Atacama (Schmid, Pogg. 

Ann. IxxxiT. 601) Prom Tissersk in the TJral, in mica-slate; specific gravity 

3'39 — 3 43 (Hermann, J. pr. Chem. ilvi. 222). 



These analyses and numerous others of olivin from various localities maybe repre- 
sented by the general formula above given, the magnesium and iron replacing each 
other isomorphously. For other analyses see Eammdsberg's Mineraloheme, pp, 437- 
441 ; and further, Jahresb. 1861, p 987 , 1862, 727 ; 1863, p 803. 

Hyalostderite (in. 177) may be regarded os an ohvm, (|Po'’.5Mg'')'"SiOS having part 
of the silica replaced by alumina. 
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Eul^dte-olivin, ftora the gnaisa of Tenoberg in Sweden (ii. 606), eontaina 29 34 per 
cent, silica, 3'04 magnesia, 64'7l ferrous oxide, 8‘39 mauganoua oxide, 3 ’07 lima, and 
1'21 alumina, and may he represented by the formula (IMn AMg jVOa.jFe^'^SiO* 
or (^Mn^MglCa)=iSiO' + 3Fe^SiOh 

Damour (Ann. Min. [4] Viu. 90) describes os titaniforous olirin a mas- 
sive red-brown mineral from the miea-slato of Pflinders in the Tyrol, haying a specific 
gravity of 3’2fi, and containing (mean of two analyses) 86 58 per cent, silica, 4'40 
itanio'anhydride, 49 80 magnesia, 6’10 ferrous oxide, 0 60 manganous oxide, and 1'73 

OMVlBtTTIW. A red substance produced by the action of sulphuric or hydro- 
chloric acid on olivil It _iB_ precipitated on purmg strong sulphuric acid into a 
concentrated solntion of olivil, in red flocks, which ultimately dissolve in the acid, but 
are repreoipituted by water. It dissolvee in ammonia with fine violet colour ; also in 
alcohol, whence it is precipitated hy water. It contains from 68 '0 to 69 1 per cent, 
carbon, and 6’9 to 0'4 hydrogen, and according to Sobrero, differs from oliiil by the 
elements of water. The alcoholic solution precipitates basic acetate of lead, and after 
addition of ammonia, likewise barium- and calcium-salts , it precipitates cupric acetate 
after some time. 

OIiIVITE. A bitter substance obtained by Landerer from unripe olives, by ex- 
traction with dilute hydrochloric or sulphuric acid and precipitation with water. It 
disaclves in alcohol, and separates, after concentration, in bitter neutral crystals, msolii- 
ble in water, hut soluble in dilute acids. The same substance aTOeats to have been 
obtiuned from the leaves of the olive tree by a different process. (Handw. d. Chem. v. 
696,— Gm ivi 197.) 

oniIcnKYXi, OXlDH OP. A substance contained, aotording to Boharling 
(Ann Oh.Pharm. xlii. 266), in the ethereal extract of urine (Sjnx^ia). It is of resinous 
consiatoiice, melts in boiling water to a yellowish oil, and dissolves in alcohol, ether 
and alkalis Chlorine converts it into a substance said to have the composition of oliloride 
of siilieyl, 0’H*0*01. 

OMPBAZlPa. A foliated leek-green variety of augite, having nearly the com- 
position of diopside, but with rather more iron. Spceiflo gravity 8'28— 8'8. It 
accompanies granular garnet on the Sau Alp ; ocoors also in Curinthia and near Hof 
in Bayreuth, with the smaragdite variety of hornblende, which it much resembles. 

OBBOXTa, Cothite from Lake Onega. 

Olf KOSIB. An argiUaceons mineral from the Salzburg Alps, occurring in round- 
ish pieces, having an apple-greon colour, sometimes greyish or brownish, with weak 
greasy lustre , translucent. Hardness = 2 Spemflo gravity = 2'8 Fracture fine- 
sphntery. Fuses with intumescence before the hlovroipe to a white blebby glass. 
Soluble in sulphuric, insolnhle in hydroohlorio aoid. Contains 62'62 per cent silica, 
80-88 alumina, 3'82 ferrous oxide, 6-38 potash, and 4'60 water, (v. Kobe 11, J. pr. Chem. 
ii. 295.) 

A mineral from the Oclisenkopf near Sehwarzonherg, usually regai'dsd as an agal- 
jnatolite, and found hy John (Ann. Phil. iv. 214) to contain 55 per cent, sihcii, 30 
alumina, 1 feme oxide, V76 lime, 6'26 potash, and 5'6 water, belongs properly to 
onkobin. (Seheerer.) 

ONTOCEKXM'. C'®H”0? (Hlasiwetz, J. pr. Chem. hcv. 142 ) — A crystalhsable 
substance contained, together with ononin, in the rootof Onoms spmosa, and separating 
from the concentrated alcohobc decoction in strongly coloured owstels, winch may be 
purified by pressure, washing with cold alcohol, and reorystulusation from boding 
alcohol, with aid of animal charcoal. It forma interlaced oapdlery crystals, insoluble 
in water, sparingly soluble in ether, perfectly soluble in boiling alcohol and m warm 
oil of^ turpentine, melts to a colourless b'qnid, which solidifies to a crystalline mass, 
and is not altered hy boiling with hydroeUloric acid, or with potash-ley. Chlorine at 
100°, converts it into chloronocorin, C'“H'“C1’0, a resinous substance, insoluble in 
water and in alcohol, easily soluble in ether. 

OIO'Oi'lUTS. Native selenio-snlphide of mercury (iii, 912). 

OXroirETIlr. C®H"0“. (Hlasiwetz, loc. A ) — ^A substance produced, 
together with glucose, by the action of dilute acids on onospin (p. 203) ; 

0™h« 0« = 0'»E“0'* + 2C“H"0'; 
also hy boiling formonetin (ii. 095) with baiyta-water : 

Ci»H«Ow + 4H«0 = 20H'0=' + CH-'O” 

FonnoucUn. Foi mic Onouetin, 
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To pre^iare it, onospin is boiled vnth about ten times its weight of water, and sul- 
phurio aoid is added drop by drop till the solution becomes turbid. On contmumg the 
boiliug, ^be ononetin ooUeete at the bottom in a fbsed mass which becomes crystalline 
on cooling, and may be purified by reerystaUisation from strong alcohol. 

OnoneSu forma long, colourless, brittle pnsms, grouped in stars or bundles, nearly 
insoluble in water, soluble in aloohol, slightly soluble m warm ether, more soluble 
in alkaba. It gives off 1 '86 per cent, water at 100°, melts at 120°, and solidifies iu' 
a radiate mass on cooling; it cannot be volatihsed. Its solution does not precipitate 
any metallic salt, except basio acetate ofleact. It is coloured red by strong sidphuno 
acid and peroxide of manganese, deep red by ferria cUonde. “When heated with 
nitric acid, it melts hke a resin, and oxidises, emitting a_Teiy irritating odonr; the soln- 
tion contains oxahe acid, and apparently picric and oxipicnc acids. The ammoniacal 
solution, when exposed to the air, acquires a fine deep green colour, and hydrochloric 
acid then throws down from it a dark red resinous substance soluble in alcohol. 

OVOiriBB. This name was given by Eeiuseh (Eepert. Pharm. [2] xxvi. 12) 
to a substance resembling glycyrrhizm, which he obtained from the ^ueous decoc- 
tion of the root of Ononis spinosa by precipitation with snlphuric acid. Hlasiwetz 
however found the substance thus obtained to be of variable composition, and is of 
opinion that the root eoutaius true glycyrrhizm, which gradually becomes altered by 
oxidation. 

OK'oivill'. — A substance existing in the root of Ononis spinosa; dis- 

covered by Eeinsoh (loo. oit.), further mvestigated by Hlasiwotz (Wien. Acad. B®. 
XV. 142). It is prepared by precipitating the clarified aqueous decoction of the root 
with a slight excess of basic acetate of lean, decomposing the precipitate with sulphydric 
acid, and treating the washed and dried sulphide of lead several times with boiling 
alcohol. The alcoholic liquors freed from alcohol by distillation, and left to evaporate, 
deposit the onoum in crystalline nodules, which may he freed from adhering brown 
resin by treatment with aloohol. (Hlasiwetz.) 

Pure onomn forms colourless needles or scsles, tasteless, inodorous, insoluble in 
cold water, sparingly soluble in boiling water, more soluble in boiling alcohol, nearly 
insoluble in ether. It melts and turns brown at 236°. Contains according to 
Hlasiwetz. 68 28 — 6P76 per cent, carbon, and 6’46 — 6’68 hydrogen, the formula 
above given requires 69'80 carbon, 6 48 hydrogen, and 34 74 oxygen. 

The alcoholic solution of onomn does not precipitate any metaUie salts except basia 
acetate of lead, with which it forms white flocks. It is not coloured by ferrto ohlonde, 
or by ohlorine-water. It is dissolved at the boUing heat by caustic potash, and more 
easily by baryta-water, yielding a formate and onospin: 

C“H“0” + 2H*0 = 0«»H«»0“ + 20H*0» 

Ononln. Oiiojpin Forailo 

Strong sulphuric acid dissolves it, formbg a reddish-yellow solution which becomes 
cherry-red after some time, and immediately assumes a fine crimson colour on addition 
of a few grains of manganio peroxide. Eydroohlorio acid and dilute sulphuric and 
dissolve ononin with aid of heat, yielding formonetin and glucose: 

CrngMOW „ + 20*Hi*0« + 2H*0. 

Boiling nitric acid dissolves it, with deep yellow colour, producing oxalic acid. 
(Hlasiwetz.) 

IS. The root of the spinous rest-harrow (Ononis sp/masa) contains, accord- 
ing to Hlasiwetz, two orystallisablo substances, ononin and onocerin, a substance 
allied to glyeyrrhizin, and citric acid, besides the constituents common to all plants. 

The ash of the root was found by Bukeisen (Jahrssb. 1866, p. 717), to contain 
16'76 per cent, potash, 3 78 soda, 2-09 ohlonde of sodium, 20 87 lime, 13 37 magnesia, 
4 29 ferrous oxide with trace of manganese, 4'86 silioa, 7 93 phosphoric onhydnde, 8'88 
sulphuric anhydride, 8 GO carbonic mihydnde, with 12’60 sand and charcoal. 

OiroSPHO'. C^H^O". (Hlasiwetz, loo «’<.)— A substance produced, together 
with formic aoid, by boiling ononin with baiyta-water. After all the ononin is 
dissolved, a stream of carbonic acid gas is passed into the liquid, and the precipitate is 
washed with cold and digested in hoihng water, which dissolves the onospin, and 
deposits it on coolmg as a white interlaced crystaUino mass. It is insoluble in ether, 
but easily soluble in alcohol It dissolves also m alkaks, and is precipitated by axnde. 
It melts at 162°, and solidifies to an amorphous mass on coohng; may be heated to 
200° without decomposition , yields a slight snblimnte when heated in a tube. It is 
coloured dark carmine-red by sidphuno add and mfingamo peroxide. Its aqueous or 
alcoholic solution gives a dark cherry-red cobur with ferrw chloride. When heated 
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■with hydrooUoric or dUwte sylphwrus aoid, it is resolTcd into glncoss and ononetJn 
(p 203). 

ONTX. A chalcedonie Tsiiety of quarts, resombling agate, but baring the colours 
— usually a light clear bro-ro and an opaque white — aiTanged lU flat horizontal planes. 
Wlien the layers consist of sard and -white chalcedony, the stone is called sardonyx. 

0O£IXE (from itiv an egg), — A lime-stone rock consisting of minute spherical 
grama resembling die roe of a fish. In some oolites the individual grains are formed 
of concentric layers enclosing a nndeus of some foreign substance , in the oohto of 
the Karlsbad springs, for example, this audous usuttUy consists of granite. 

OOSXTE. A mineral resembling pintte from tlio ^orpliyiy of Oos near Geroldsau in 
Baden Neesler (Jahresh 1361, p. 1008) found m oosite from Giuizenbach and 
tSelighofen, 68-69 silica, 2 289 alumina, 4 09 ferrous (= 4 64 ferric) oxide, 0 22 
magnesia, 4 04 potash, 1-14 soda and 6 11 water (~ 100 27) 

OPAlj, Native amorphous hydrated silica, occurring in masses having a conchoidal 
fracture, -vitreoua lustre sometimes inclining to resinous or pearly, and white, yellow, 
brown, green, or grey colour aceorduig to the foreign substances present, sometimes 
exhibiting a rich play of colours, or different colours by refracted and reflected light. 
Hardaaas ■= 6 6 — 6-6 Speciflo gravity =• 1 9 — 2-3 It appears to be a mixture of 
several hydrates of silica and various adventitious substances, such as feme oxide, 
alumiua, magnesia, alhahs, iSSo. , the proportion of silica varying from 73 to 96 per 
cent, and that of water from 3 to 12 per cent. Pnlvemed opal, hke artificially 
prepared amorphous silica, dissolves in hot potash-ley, a character by which it is 
distinguished from qniu-tz (crystallised sihea). Opal is infusible before the Wow- 
pipe, but gives off water and becomes opaque. Some varieties contaiinug iron turn 

The following varieties of opal ore distinguished according to thoir colour and other 
physical properties. — 1 Precious or nodte opal • generally white or oolourless, and ex- 
liibiting a rich play of colours, green, led, blue, and yellow of v<iriou8 shades. 'When 
large and exhibiting its mdeacenco in perfection, it is a very valuable gem. It occurs 
in porplmy at Czernewitza near Kashau in Hungary, at Frankfort, and at Q-i-noias fi 
Dios in Hondm-as. — 2 Fire opal or thiasal a transparent opal coloured hyacinth-red 
to honey- and wine- yellow by feme oxide, sometimes with blue and yellow shades , 
occurs at Zimapan in Mexico and in the Faroe islands, — 8 Common opal ; of vanous 
colom-B, but only translucent or semi-ti-.iuspai'ent and without iridescence ; abundant m 
Hungary, the Faroe tsUinds, leel-aud, tlie Giant’s Causeway, and the He'bndes . found 
also nearSmyma — 4. Hyalite • mostly quite transparent and colourless, or enamel-hke, 
■faut neither bright-coloured nor iridescent; oeenrs in amygdaloid at Sehemmtz in 
Hungary, and in clinkstone at Waltesch in Bohemia ; also m several localities in the 
"United States. — 6 8eim~opal: generally translucent at the edges only, and with a 
waxy, not glassy lustre , found near Hanau — 6 Wood-opal is a aemi-opal having a 
peoiuiar ligneous structure, piodnced in fact by the sihoatisation of fobsil wood , it 
forms large trees in the pumice conglomerates of Saiba near Neiisohl and Kremnitz in 
Hungary, m Faroe, near Hobart Town in Tasmania, and other trap-eountriea The 
folloiving varieties occur as concretions or coatings. — 7 MemliU; brown opaque 
compact ronifonn masses, imbedded in adhesive slate at Meml Moutaut near Pans. — 
8. Qaaliolong . nearly opaque, of porcelain or bluish-wlute colour ; adheres to the tongue, 
contains a small quantity of alumina with 3 6 per cent, water ; it is closely allied to 
hydrophaiiB, and often associated with it , occurs in loose masses in the river Oaeh in 
BuohiU'ia — 9. OpuT^aspei’ is a variety conUining several per cent of iron — 10, 8dmous 
sinter is a loose silicmus a^egate deposited by the Geysers of Iceland, whore it 
presents porous, atalactitie, fibrous, caulillower-hke, and occasionally compact eonere- 
tiouB, called geysente by Bamonr. — 11 Pearl-siiitvr or Fionte occurs in the cavities of 
volcanic tufa, in smooth, shining, globular and bolryoidal masses, having a pearly lustre. 
— 12. Mkhaelite, from tho Maud of St. Michael in the Azores, is a wliite pciu-ly variety; 
specific gravity 1-88 — 13. Alumocalcite is an impure opal of a bluish nulk-white 
colour containing 6 per cent. lime. — 14 Some, if not all the eilioious deposits foi-med of 
infusorial remains also consist of amorphona soluble silica (some, however, likewise 
contain quartz). Sandanite (siltoe gUatinouse), ocoumng as a fine earth or in eom- 
paot earthy masses at Gessat near Pont Gibaud (Dop. Pay-de-Dome) and in the neigh- 
bourhood of Algiers, is a variety of this kind. 

Soma varieties of opal are found, with galena and blende, in metalliferous veins ; it 
also occupies the interior of fossils in sandstone Its formation is duetto tlio solubility 
of amorphous silica in water, especially in hot water or. water containing carbonie 
acid, the silica beiag dissolved out by spring waters from decomposed sihcates, 
and deposited under favourable circumstances in a state more or less approaching to 
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OFAXi aHVOPHAWB. Syn. with SoicaoTTimnai (j. »,) ; — also with ehrysooolla 
ur siKcate of copper (see Silioatbs). 

0 FHI 01 . 1 TB. A name applied hy T. S Hnnt (Sdl. Am J. [2] xrr. 217 ; 
Jahre'ib 1850, p 785) to serpentine (pure ophiolite) and ita variebea (see SBapBimSB. 
OPBXXBi Syn, with Seepentinb. 

OPHXXOHE. This name is applied by Oorenwinder (Jahresb. 18i7-8, p. 
1279) to the porphyry of Ternuay, a rock consisting essentially of fe%ar and angite. 
OPXAMniOirEt See Opianio Aoid, Amnns op (p 206). 

OPXASriO ACID. C'»H>»0» = 

Wohlar, Ann. Gh. Pharm. jdiv. 126 — Wohler, ibtd. 1. 1. — BWth, ibid. 1. 29. — 
Anderson, Edinb PhiL Trans.xi [2] 347.— Matthiessen and Foster, Ghem Soe. 
J. ivi. 346.) — An acid produced, together with cotarnine, by the oxidation of narcotme ; 
C“H“NO’ + 0 = G“H'«NO’ + 

Narcntlne. Cotnrnlee. OpUnic add. 

e g. by the action of sulphuric acid and peroxide of maganeso or peroxide of lead ; by 
the action of boiling nitric acid, by boiling hydroehlorate of narcotine avith platimo 
chloride and water — Also, hyboihng teropiammone (tnopianamide) with potash-ley 
The following is the mode of preparation recommended by Matthiessen and 
Foster* 100 grms of narootine is dissolved in a considorahle excess of dilute sul- 
plnu'io acid (160 grms. acid and 1600 grms water) , the solution is heated to hoiling, 
and 160 grms. of finely powdered black oxide of manganese (oontaimng 60 percent, 
real peroxide) is added as quickly as possible, care being taken that it does not cause 
the liquid to froth over when the whole qnanbty of peroxide has been added, the 
mixture is quickly filtered through a funnel surrounded with boiling water. The fil- 
trate on cooling becomes half solid, from separation of crystals of opianio acid; and by 
twice reCrystallisiug this product from, boiling water it is obtained nearly pure, though 
still retaining a slight brownish ooloiu', from which it may be fteed, if necessary, % 
boiling with dilute hypochlorite of sodium, and decomposing the resulting solution 
with hydrochlono acid. The opianic acid is then deposited as the liquid cools, and 
may he recrystallised from boding water 

Propei'hea — Opianio acid ciystalhsos in thin prisms, often radiating and interlaced. 
It is colourless, has a bitter taste and slight acid reaction, dissolvee sparmgly in cold, 
easily in boiling water, also in alcohol and in ether. It melts at 140° without loss of 
weight, aud is not volatile, but if more strongly heated in a retort, it creeps np the 
sides and may thus he distilled without actually volatilising. Wlion heated m contact 
with the air, it gives off aromatic vapours which smell hke vanilla, and bum with a 
smoky flame. 

Opiauio acid suffers a remarkable change under the influence of heat. The melted 
aoid remains soft and transparent for some time after coohng, but ultimately loses its 

1 . 11 — ^.. 1 . j . i...ii._^]jjjg In this stateit has the same composition 

it considerably m its properties, being insol- 
dilute alkalis, dissolving only after prolonged 

boiling with caustic potash. 

Secomgositions.—l Opianie acid heated with mifie aetd, platimo chloride, or sul- 
phmo and and peroxide of lead, is converted into hemipinio acid, — 

2 When it is mixed with a large excess of potash-ley, and evaporated nearly to dryness, 
it lb resolved into homipinic acid and meeonin* 2C‘“H“0‘=.C"‘H'“0'’ + C''ii''‘0* 
(Matthiessen and Foster). — 3 By the action of nascent hydrogen as when its 
iKiUfoub solution IS warmed with sodiuni-aindlgam, it is converted into meeonin 
(Matthiessen and Foster): 

C>“H>"0' + H* ± + WO. 

4 When fused in n current of diy oUorine, it gives off hydrochloric acid, and yields 
yelluwibh-red resinous products (Wohl er) — 6 When heated with three or four times 
its weight of strong hgdrooUonc add, either to 100° in a sealed tube, or to the boilmg 
point of the acid m an open vessel, it is decomposed, with evolution ofmethylio chlorido 
and carbonic anhydride, and formation of an acid containing G"H“0“ (Matthiessen 
and Foster): 

V HCl = C»H»0» + GH“C1. 

0. A similar decomposition appe.ir.s to take place when opianio acid is hoUed with 
fuming hydnodio acid, methylic iodide being given off without separation of iodine 
(Matthiessen and Foster) — 7. iSit/pto oils oanf dissolves opianic acid, produemg 
opiano-bulphurous acid. — 8. The aqueous solution of opianio acid doesnot appear 
to be altered hy sulphydno and at the boihng heat, hut on coohng to 70° it is con- 
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vetted into sulphopianic acid, vfitUout formation of any other product 

(Wohler). 

0>“H'»0* + H'B =■ C>«H'»SO< + H“0. 

GpiiNATBS. C'H’MO* or according to tho atomicity of the metaL 

A boiling solution of tho acid decomposes the carbonates of barium, calcium, lead and 
Sliver, forming crystallisablo salts. 

The armionmii'isaU is obtained in large tabular crystals by spontaneous evaporation 
of a mixture of alcohol and a saturated solution of opianio acid in ammonia. The 
ammoniacal solution unnuxed with alcohol yields by evaporation an amorphous trans- 
parent mass, which dissolves but partially m water, leaving a residue of opiammone 
(VIA hif.). 

The harium-salt, C“H'*Bba“0“.2H’0, forms radiate prisms which effloresce with 
loss of 6 per cent water ( = 2 at.). The calcinm-salt is soluble and ciystaUisablo. 
The lead-salt, 0®H'T‘pb“0’'‘ 2B?0, forma shining, transparent, mammellated, sparingly 
soluble crysttds, which melt at 160“, and begin to decompose at 180°. From hot solu- 
tions it sometimes crystallises m tnfts of small silky prisms which are anhydrous It 
IS soluble in alcohol The silver-salt, 0'*H''AgO‘.a;ffO, crystallises in transparent 
shortened prisms, which appear yellow in mass They give off their water at 100°, 
and melt with decomposition at 200°. 

Opianaie of Ethyl, Opianio Ether. 0'‘'H“(0®H“)0“. — Formed by passing sul- 
phurous acid gas into a hot alooholie solution of opianio acid, and deposited from the 
concentrated liquid m tufts of small pnsms or in sphemles (W ohler). Or it may be 
produced by heating opiamo acid with alcohoho hydrochlorio acid to 100° m a sealed 
tube, precipitated by pouring the contents of the tubs into water, and obtained by 
crystallisation from alcohol in hemispherical masses of brilliantly white radiating 
needles (Matthiessen and Foster). It is inodorous, but has a sightly bitter taste; 
is insoluble in water, but dissolves easily in alcohol and ether, melts at 92° 
CWdhler); at 88° (Matthiessen and Foster), and solidifies in a radiated mass on 
cooling. It may be sublimed between two watch-glasses When heated some degrees 
above its melting point, it remains for a long time soft and amorphous ; it bears a high 
temperature without decomposition. (Wohler.) 

By boiling with water, it is slowly converted into alcohol and^ianie acid, more 
quickly by potash. It is not attacked by ammonia in the cold. (W^ohler.) 

Adis ienveifrom Opianio aoid, 

OsiANO-BPtPHPBOuB Aotp, C‘®S*SO’ ? (WoUicr, loo.oi't )— This aoid, obtained 
by evaporating a solution of opiamc aoid in hot aqueous sulphurous sold, is a transparent, 
orystalune mass, which dissolves tho caihonutes of banum and lead, forming orystnlhsed 
salts.— The banum-scUt forms shining colourless rhomboidal tablets which mve off 
water and begin to decompose at 140°. — The kad-eali crystallises m fonr-sidea prisms 
with dihedral summits and having their lateral edges replaced by broad faces, so that 
the crystals appear hexagonal. They give off 8 6 per cent,, that is, half of them 
water of orystifflisation at 130°, the rest with slight d^mpositian at 170°. The orys- 
talliaed salt gave by analysis 29'23 per cent, carbon, 3 00 hydrogen, 8T0 sulphur, and 
26 87 lead-oxide, a^eeing approxunately with the formula O^HTPhSO^sfrO (vd, 
Gerhardt, Traite, iv. 87). 

SuifHOPiANio Aoid, produced by the action of aulphydrio acid on 

opiamc acid (p. 20S), forms delicate yellow pnsms which soften below 100°, and become 
completely fluid ot the temperature of boUmg water, forming a pale yellow oil which 
on cooling solidifies in a transparent amorphous mass. This aoid gives by analysis 62'4 
— 63'0 per cent, carbon, 4-2 hydrogen, and 14'3 sulphur, tho formula requiring 63T 0, 
4AH, 14-1 Sand 28 4 0. (Wdhler) 

The and decomposes above 100°, and when calcined, takes fire and bums with a 
sulphurous flame. 

The amorphous acid dissolves in alkalis, and tho solution of its ammonium-salt 
forms with lead- and silver-salts, preelpitates which are easily debompoaed when heated 
in the hquid — ^The behaviour of the crystalUsed aoid with bases has not been 
examined. 

OFIAVIC AOID, AmxDES OI'. Two of these bodies ore known, viz : 

™ 

- (O-M'rMV - JO-H'W t BH- - 2iro. 
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Both these compounds are resolved by alkalis into opianio acid and ammonia, but only 
the first appears to be producible by the dehydration of opianate of ammonium. 

Opiammonb, C“H‘”N0 “. — A solution of opianio amd in ammonia leaves, when 
evaporated at a very gentle heat, an amorphous transparent mass, which hocomeA 
milk-white when treated with water and dissolves but partially, leaving o^iammone. 
The dried residue may he completely converted into this compound by beating it to a 
temperature a httle above 100°' as long as ammonia is given of^ and the product may 
he fieed from the lust traces of opianato of ammonium hy hoiling with water. 

Opiammona is a pale yellow erystallmo powder, insoluble in cold water, and but 
little attacked by boiling water ; but when heated with water to 160° in a sealed tube 
it dissolves completely, as opianate of ammonium. "Whon heated it creeps along the 
sides of the vessel without subliming, but if strongly heated in contact with air, it 
decomposes It is not altered by heating with dilute acids. Gaustto 'potash slowly 
converts it, with evolution of ammonia, into opianate of potassium, and the potassium- 
salt of another add nut yet analysed, which 'Wohler designates by the name lantho- 
p e in 0 a Cl d. On adding hydroohloric acid to the solution, xantbopenic acid is precipi- 
tated in yeUow flakes and the remaiiung liquid deposits eiystds of opianic acid. 
(Wohler, ioc.oi<.) 

TBEOPiiiiiioNB, isproducedby the action of dilntenittie acid upon nar- 

cotine ; no other mode of preparing it has yet been discovered It crystallises xn slender 
colourless needles, insoluble in water, sparingly soluble in cold alcohol, rather mors in 
boiUug alcohol, very sparingly in ether. It is decomposed hy mine but not by hydro- 
ohlorio acid. Strong aidphuno acid, dissolves it in the cold with yellow colour, but on 
beating the solution, it assumes a fine crimson tint. 'It is not attacked hy ammonia. 
Boding potash ebminatos ammonia and converts it into opianate of potassium. 

OPIAKTIO ETHEK. See p. 206. 

OPIAWINEt Abaseresembling narcotine, found hyHinterberger (Ann Ch. 
Pharm hexvii, 207 ! lixxii, 318) in some specimens of Egyptian opium It was pre- 
cipitated by ammonia from the aqueous extract together with morphine, and on dis- 
solving this preoipitate in alcohol, the opianme crystaUieed out first m large right 
rhommo prisms, which yielded by analysis 63'0 per cent carbon, 6 7 hydrogen, and 
4 3 (mean) nitrogen, whence Hiuterberger deduces the formula requiring 

63 1 carbon, 6 8 ^drogon and 4 5 nitrogen. In one analysis however (by combustion 
with eoda-lime), Hiuterberger found only 2 2 per cent nitr(»en, and accordingly gave at 
first the formula Anderson (Ann. Oh. Pharm. xcviii. 60) deduces 

from the same data the formula Gerhurdt (IVaifi, iv. 68) and W eltzien 

{Organ. Verbtnd. p. 667) doubt the existence of opiamne os distinct from narcotine. 
Opianme forms, according to Hinterberger, a chloroinerourate containing C^JP’IPO^'. 
HOl.SgQl. (See Gmdin's Handbook, xvi. 66.) 

OPiAKO-sxri>PBVSOVS ACID. See p. 206. 

OPlANirZi. — A radicle which may he supposed to exist m opijuuo 

acid and its derivatives. Anderson applies the name to meconin, 

OPIltM. Tins valnahle drug is the dried juice obtained from the unripe capsules 
of the white poppy (.Fapaver somniferum), a plant extensively cultivated for the pur- 
pose in Asia Minor, Egypt, and Hindostan. Persia and Algeria likewise produce 
opium, and the plant has been cultivated, but not with very satisfactory results, 
in various parts of Europe, The European markets are supplied chiefly from Asia 
Minor and Egypt, the opium from the former locality, called Turkish or Smyrna opium, 
being the best, that is to say the richest in morphine. East Indian opium is cmefiy 
exported to China. The opium is extracted by making incisions in the capsules just 
after the petals have fallen off. A milky jmee then exudes which soon concretes; it la 
left to dry over night, then removed with a blunt knife and kneaded with water into 
cakes, which are then further dried. As thus prepared, it ia brown and somewhat hard, 
has a bitter, acrid, nauseous taste, and a peculiar sickly odour. It softens with the 
heat of the hand , when move strongly heated it takes fire, but does not burn readily. 
For further paiticulars respectmg the preparation and properties of opduni, see 
Pereira’s Matena Medica; also a paper by Dr. EatwelJ in the Pharmaceutical 
Journal for 1852.] 

Opium 18 a very oomploi substance containing several alkaloids, two or three organic 
acids, and several neutral organic substances besides inorganic salts. The following is 
a bat of Its pecuhar constituents . 
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jaaloiOs. 

A&ds and pl Substtinm* j 

mrne. 

Ditcoaerei hy 

Name. 

mseovered by 

Narcotine 

Morphine 

Codeine 

Narceine 

Pseudomorphine ? 
Thebaine | 

Papaverine 
Opianine? 

Derosne in 1804 

Sertiirnor „ 1804 

Robiquet „ 1833 

Pelletier „ 1833 

Pelletier „ 1836 

Pelletier ) 
andCouerboJ'. 

Merck „ 1840 

Hinterberger „ 1861 

Meconic acid 

Ody acid (Opium-fat) 

MMOTiif™ 
Porphyroxin ? 
Theholactic acid ? 

Sortiirner in 1804 

Pelletier „ 1833 

Pelletier „ 1833 

Dublnnc „ 1833 

Merck „ 1837 

T.&H.Smith„ 1862 


iJl the alkaloMs in the preeedicg list, except papaverine and thebmne, have been 
already desorihed ; the existence of pseudomorphine and opianine is very doubtful 
(seeiu. 1051 and iv, 208), The foUowing table exhibits a general view of the reactions of 
the opinm-alkaJoids'With various solvents; 


SalujbUity of OpiuTiv-allcalcitds. 


..... 



r«t>n 

AlccUU 

mm. 

PelaOi. 

Morphine. 

C*?Hi«N03. 

Vory BpAflngly 
soluble. 

Moderately 

insolub^ 


Codeine. 

C'8H«N03 

Soluble. 

Vory aoluble. 

Very 

iosuluble 

stiongpiitaali. 

Thebafae, . 

C'»IP>N03. 

Insoluble 

•Soluble, 

Soluble. 

Soluble In 
dilute potash. 

Papaverine. 

C«>H2iNO^. 

leaolnble. 

Soluble. 

Soluble. 

Insoluble. 

Nwalne. . 

OJO0WNO3. 

Vary sparingly 

Soluble, 

Insoluble. 

Soluble in 
dilute potash. 

Narcoflae. 

C«H»N01. 

Neatly 

insoluble. 

Soluble 

Soluble 

Insolublo. 


Mcconio acid and meconin hove been already described (iii. 869, 861). Pelletier’s 
opinm-fai and opium-rcatn will be de.smbed further on. 

Forpht/roxin is the name given by Merck (Ann. Oh. Pharm. xxi. 201 ) to a neutral 
cryataUine substance which ho obtained, to the amount of i per cent , from East Indian 
and Smyrna opium , but its existence is not wdl established. Anderson, who sought 
for it with somo care, was nnablo to obtain it 

Theholactic aotd is on acid isomerio with Inctie acid, said to exist m Turkey opium to 
the amount of 2 per cent , and to bo separated from the impure mother-liquors of mor- 
phine hy the ready c^stalhsability of its ciiloinm-salts. Stenhouso regards it us 
identical with lactic acid, but some of its salts, especially the copper and morphine- 
suits, are said by its discoverers to differ in character from the corresponding lactates. 
The feme salts of the two acids arc likewise said to differ in their reaction with am- 
monia Anderson was not able to detect the existence of theholactic acid in opium. 

Opium hkewiso eontmus gum, caontebonc or a similar substance, vegetable albumin, 
celliiloso, and a volatile odoriferous principle. Ita inorganic constituents are potash, 
soda, ammonia, lime, magnesia, aluroiua (?) and feme oxide, combined with hydro- 
chloric, snlphunc, phosphoric, and silicic acids. 

The proportions of these several constituents vary greatly in opium from different 
localities. The quantity of morphine, on which the commercial value chiefly depends, 
vanes from 3 or 4 to 14 or 16 per cent Smyrna opium generally contains, in the diy 
state, from 12 to 14 per cent, morphine (Guibourt); Egyptian, in the dry state, from 
6'S to 6-6porcont ((Inibonrt), Merek, however, found8 to 7 per cent, in the nndried 
substance; East Indian opium contains from 6"S to 7 7 per cent. (Gnibourt) , in a 
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dried sample of Persian opium Ouibourt found 11'37 percent morpliine and 8'17 nar- 
cotiue jUgerian opium coutdinmg 7’C per cent water was found by Anb ergier (Ann. 
Cli, Phys, [3] XX. 303) to contain tho following proportions of morpbme: opium from 
white poppies, 1 62 to 8 67 per cent. ; from red poppies, 10 37 to 11-23 per cent. , 
from purple poppies, 14 71 to 17-83 per cent In dry opium gathered at Erfurt 
from the blue poppy, Biltz found 10-6 and 20 per cent., m that from the white 
poppy, G'85 per cent morphine. Erench Tarietics when dried contain on the avorago 
17 7 per cent, morphine (maximum 22-9 ; minimum 14 8) (Guihoiirt). Opium col- 
lected at Brest in 1862 contained 8 2 per cent. (Eoux, Compt. rend, xl 31), that 
from Amiens in 1863 contained 14-76 ; and that from the same place in 1864, contained 
16 per cent, morphiue. (Descharmes and Benard, Compt. rend. xl. 34. — (rmelin'a 
Handbook, xvi. 416.) 

The following method of extracting tho alkaloids of opium and dctormining their 
relative quantities 13 given by Anderson (Chem. Soe. .T xv 418). The morphine, 
codeine and meeomc acid arc first separated hy the Eobertson-Qi-egory process 
winch consists in treating the aqncous extract of opium with cUoi-ide of calcium, 
whereby the raoconio acid is precipitated as a calcium-salt, whde the bases remain in 
solution as hydrooMoratas, among which the morphine and codeine salts are easdy 
crystaUisable and separate from flie concentrated solution, leaving the other bases in 
the mother-liquor. The morphine and codeine are then separated by ammonia as 
ah-eady described (iii, 1051). 

To obtain the other bases, the black treaely mother-Hquor is dduted with water and 
mixed with ammonia, which throws down a copious dark brown precipitate consisting 
of narootmo, pamverine and thehaine, accompanied by a small quantity of codeine, 
and contaminated with a brown resinous suhstunoe. This preoipitato, which is at first 
quite granular, runs together, if allowed to remam in the hquid, into a resiuous mass, 
whereby the mother-liquor is squeezed out of it as effectually as if it were put into a 
powerful press. The solution of this precipitate in boiling spu-it deposits, on cooling, 
impure crystals of nareotine, which may bo purified by successive ciystallisotions, 
with aid of animal charcoal A further crop of crystals la obtained by distilling down 
the solution, and finally there remains a black mother-Uquor, from which thehaine and 
papaverine may be prepared. For this purpose water is added, the hquid is slightly 
aoidulatod with acetic acid j the resiu thereby separated is filtered off; basic acetate of 
lead is then added to the filtrate till it exhibits an alkaline leaotiou , and, the precipi- 
tate being separated, the excess of lead is removed by sulphydric, or more conveniently 
by sulphuric acid ; ammonia then precipitates the thehaine, still mixed with rasmoua 
matters, from which it may be separated by crystallisation from aleoliol , it can then bo 
decolorised by animal charcoal. Papaverine maybe extracted from tho lead-pre- 
cipitate bji digesting it in alcohol, evaporating the Bqnid, treating it with hydroehlorie 
acid, filtering from resm, oonoentrating, and leaving the solution to itself for some tinio, 
wlien the sparingly soluble hydrochlorate of papaverine slowly oiystallises. Prom this 
salt tho base may be obtained in a state of purity by precipitation with ammonia and 
crystaHisation from sphit. 

The mother-hquor from which the precipitate of those bases has been separated con- 
tains narceine and meconin, with a small quantity of papaveiine On eonoeatrating it, 
narceine separates in abundance, and is eamly obtained pure by washing with a 
small quantity of cold water, and crystalhsing two or three times After conoentratmg 
the liquid till the narceine is completely separated, the residue is repeatedly agitated 
with ^ of its volume of ether at 26°, which extracts meconin, together with a little 
papaverine ; and the ethfer is distilled offfromthe extracts, ahrown syrup then remain- 
ing. On treating this syrup -with hydroohlohe acid, papaverine dissolves, and 
meconin remains in the form of a dark grey mystaUine powder, which may ho freed 
from resin by repeated crystallisation from boding water with addition of animal 
charcoal. 

For Pelletier’s method of separating the several constituents of opium, see Qmdin's 
Handbook, xvi. 420 For the estimation of morphine in opium, tbul. p. 423, or this 
Dictionary, m. 1068, 

On the microscopic appearances of the several constituents and medicinal prepara- 
tions of opium, see Deane and Brady (Ora Mtcroscopical Sesearoh in idation to 
Pharmaoy, Chem. Soe X xviii. 34), also Hclvig {fimMikroscop in der Toimotogte, 
Mamtz, 1864). 

The followmg table exhibits the composition of five sorts of Smyrna opium as deter- 
mined by Mulder (Handw. d. Chem. v. 721). 


VOL IV. 
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Analyses of Smyrna Opium. 

Morphine . . . 10-8 4-1 9 9 2 8 3'8 

, Codeine . . . . 0 7 0 8 0'8 0 9 0’6 

Narcotino . . . 6 8 8-2 9 6 7-7 6 6 

Narcpino .... 6 7 7-6 7-7 9’9 13 2 

Meconin . . . . 0'8 08 03 14 06 

Meconie acid . . , 6 1 4-0 7 6 7 3 6 6 

Pat 2 2 14 18 4 2 1-6 

Caoutchoue . . . 6 0 6-0 3’7 3'8 3 2 

Beam .... 3-6 2-0 4-1 2-2 I'S 

Gummy extract . . 26 2 81-6 218 22 6 25'7 

Gum . . , . I'O 2 9 0 7 3 0 0'9 

Vegetable mncuB . .191 17'1 211 18 6 18-0 

Water .... 9-8 12-2 11-4 130 140 

Loss .... 2 2 26 . . 2-7 3 6' 

100 100 100'5 100 100 

In these analyses the proportion of narceine appears to be too high , possibly thi 
thebaine and piipaverme, the amounts of which are not specified, were weighed with it 
The following analyses are by Schindler (loo. ott.) : 


Morphine 

Codeine 

Narootme 

Narooine 

Meconin 

Meconio acid 

Ppouliiir real! 

Vegetable mucus, eaoutdioue, acid ) 
fat, and vegetable fibre ( 

Brown acid soluble in water and m alcohol . 
Brown acid soluble only m water, and gum . 

Magnesia 

Alumina, ferric oxide, sihca, ) 

calcic phosphate ( ‘ ‘ " 

Salts, and volatile oil (about) 


104 
40T3 
0 40 
0 07 


0 24 
0 36 


^Oplum 
stantlnople. 
4-60 
0 62 
3-47 
0 42 
0 30 
4 38 
8'10 
17'18 
0 40 
66 46 
0 02 
0'40 
0 22 
0 36 


Egypt. 

7 00 
2-68 


90 76 9t.'7S 

OPXUM PAX. Oily acid of Opium. — This snhstance, discovered hy 

Pelletier, is obtained by repeatedly digesting opium-marc in warm alcohol of specific 
CTavity 0 84, filtering each time after cooling, to separate the deposited caoutchoue, and 
distilling the alcohol down to three-fourths, filtering again to remove the navcotine 
which orystnllises out, evaporating the filtrate to diyness, again exhausting the residue 
with hot alcohol of qieciflo gravity 0 84, find repeating Uiese operations till all the 
narootine is removed. The residue left on evaporating the filtered solution is then ex- 
hausted with boiling water, and afterwards with ether, which takes up the oily acid, 
leaving opiiim-resin nndiasoived The ethereal solution when evaporated loaves the oily 
acid in the liquid form, but still slightly contaminated with narcotine, which may he 
removed hy agitation with water containing a little hydi'oehlorio aoid , tho fat then 
floats on the surface and may be skimmed off. # 

Opium-fat is generally yellowish or brownish, tho colour being probably due to im- 
purities, It ia soft, almost liquid, has a sharp burning taste, and an acid reaction not 
removed by repented washing. It dissolves in alcohol, ether, and oils, and forms soaps 
with alkalis. (Pelletier, Ann. Ch. Pharm 1 276.) 

OPCUBC-MARO, The residue of opium left after removal of the meconates of 
morphine and codeine and other salts soluble in water. 


OPIUME-REBIM', — ^Thie substance, the preparation of which has 

been described in conneotion with opium-fat, is brown, destitute of taste and odour, 
and becomes nearly fluid when warmed. At a higher temperature it swells up 
strongly, giving off large quantities of empyreumatic oil and combustible gases. It is 
insoluble in water, soluble in alcohol and in alkalis (Pelletier, loo. azt) 
OPOBAESABX, Syn with Mecca Balsam (see Baisams, i. 496). 
OPODEXiBoc. Lmtmentum saponato-camphoralum,~A solution of soap in 
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alcohol, with the additiou of camphor and volatile oils. It is used externally against 
rheumatic pains, spniius, hriuses, and other like complaints 

OPOPANAX. A concrete gummy resinous juice, obtained from the roots of an 
umbelliferous plant, the Fastinaca Opopanax, L., Opopanaa Ghironiwm, Koch, which 
grows spontaneously in the warmer countries, and bears the colds of onr climate The 
juice is brought from Turkey and the East Indies, sometimes in round drops or tears, 
but more commonly in irregular lumps, of a reddish-yeUow colour on the outside, with 
specks of white; inwardly of a paler colour, and frequently vanegated with large 
white pieces. It has a peculiar strong smell, and a bitter, acrid, somewhat nauseous 
taste Its constituents ai’e, resin 42 0 per cent , gum S3'4, ligneous matter 9-8, starch 
4'2, malic acid 2’8, extractive matter 1-6, wax 0'3, caoutchouc a trace, volatile oil or 
loss 3-9 (Pelletier.) 

The rosin of opopanax melts at 100°, decomposes at a somewhat higher temperatm-e, 
and contains, according to Johnston, 63 2— 64'0 per cent, carbon and 6 7 hydrogen, 
agreeing approximately with the formula (63 8 0, 6-4 H, and 29-8 0). 

OPSIKOSE. Beudant’s name for partially tdtered Powlerite from Franklin, Keiw 
Jersey. 

OBANOE. See CiTitns (i. 1002). 

OBA.NGXTE. See Thokite. 

OBCEIN. C’H’NOh Ltchm-red Flechtenroth (Eobiquet, Ann. Oh. Phys. 

[2] xlii. 245 , Ivui. 320 — H eeren, Schw. J. lix. 886 — Dumas, Ann. Ch. Piiarm. xivii, 
116.— Kane, PhA Trans. 1840, p 285 —Laurent and Gerhardt, Ann Oh. Phys. 

[3] xxiv, SI3.)— A compound formed from orem by the action of ammonia and oxygen. 
It IS prepared as follows • a small dish containing powdered orem is placed above a 
icssel containing strong ammoma, and the whole is covered with a heU-jar. In the 
course of 24 hours the transformation is complete. The product may then he dis- 
solved in water, and poured into a solution of hydrochloric acid which precipitates the 
orcein m red flocks, of a fine red colour. Orcein is present, togetlier with other colour- 
ing matters, in the archil of commerce 

Oreem is unorystallisahle. It dissolves sparingly in water, imparting however its 
colon!', and is precipitated from the solution by neutral salts. It is very soluble m 
alcohol, forming a deep scarlet solution from which it is precipitated by water. It dis- 
solves 111 aqueous flxad alkalis with violet-rod colour the ammomcal solution is of a 
very rich pansy colour. Oroem is separated by acids from its eomhinatious with alkalis 
Sulphide af ammonium destroys the colour of the ammoniacal solution, producing a 
brownish-black hquid, which, however, recovers its red colour on exposure to the air. 

■When a piece of emo is plunged into an ammoniacal solution of oreem to which a slight 
excess of hydroohlorio acid has been added, the hquid is completely decolorised, and 
when mixed with a certain quantity of ammonia deposits a white powder, leuoorcein, 
which by contact with the air soon assumes a deep purple tint 

Orcein mixed with water or dissolved in ammonia is converted by contact with 
ohdonne, intoohlororcoin, which is soluble in alcohol, ether, end in ammoniacal water, 
colouring the last-mentioned hqiud brown. 

OBCHBEEA WEEDS. The cylindrical and flat aperies of Soccella need in the 
manufacture of orchil and cudhear are so called by the makers (see Gre’s Diet. 
ArU,io,m 3U) 

OBCRIIi. Syn with AsOHm (i. 356). — ^An improved method of preparing this dye, 
introduced by Dr. Steuhouse, consists in treating the colour-yielding lichens, on the 
spot, with an alkali (potash or lime) to extract the colouring acids, and precipitating 
these acids with hydrochloric or acetic acid ; they are thus completely separated from 
the woody fibre and other impurities. 

Eespecting the improved orehil-dyo called “French Purple,” sea Dshino (fa 366), 
alsoHofmann’s Deport on Chemical Produota, ^0., tn, the International Exhibition of 
1882, p. 117. 

OBCKXS. The root of Orohia fusca contains conmarm, 2'47 grammes of which 
may be obtained from a kilogramme of it. (G. and 0. Bley, Jahresb 1867, p. 484.) 

OBCXN. C’H®0=. (Eobiquet, Ann. Ch. Phys. [2] xhi. 246, Ivui. 320.— 
Liebig and 'Will, Ann. Ch. Phnim. xxvii. 147 — Dumas, tbid xxvii. 140. — 
Sehunck, ikd icli. 169 , Kv. 269 — Gorhardt, Compt. cliim. 1846, p. 287. — 
Steuhouse, Phil Trans. 1848, p. 86, Ann Ch. Phnrm bcviii. 93, 99, Proc Eoy. 
See. xii 263; Ohem. See. J. xn. 327. — ^DeLuynes, Ann Ch Pharm. cxivfai. 330; 
exxx 31. — Lamparter, thd. oxxxiv. 266 — Qm xii 353 — Gerh. ni 810) — This 
substance, discovered in 1829 by Eobiquet in Vanolana dealbata, appears to exist 
ready formed in all the lichens used for the preparation of arriiil and litmuB. It is 
formed artifacially 1 . By boiling orselliuio acid with water, and therefore also by boiling 
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lecanorit! (a-oiBeUie) acid "Tvthric acid (eiytlirin), picroeyythrin, or eremic acid, ivith 
aqaoous allmliB, thesa latter aubatances (except picroerytbrm) being Arat converted into 
orsellinio acid. Its formation from orseUinic acid is represented by the equation, 
C»H»0' = G'H“0» + CO^ 

OraolUnic acid Oroia • 
from pioroerytUrin by the equation, 

^0>2H'«0'^+ ffO =. + CO”. 

2. By the diy distillation of lecanorie acid, erythric acid, overuic acid or picroeiy tlirin. 

S. Together vFitli paraoxybcnzoic acid, by melting aloes with hydrate of potassnim 
probably tliua- 

C>«H'"0' + 0 = 0'H»0’ + C’ffO* + CO’ + H’O. 

hcnzotc'acld 

A pound of aloes thus treated yields from 9 to 11 grammes of ordn. (Hldsiwetz and 
Barth, Ann. Ch. Pliarm oxxxiv 287.) 

Preparation — 1. Dry Vanolana dealhata is exhausted with hofling alcohol , the solu- 
tion freed by evaporation and coobng from the resin which separates , the remaining 
bquid evaporated to an extract ; and this extract exhausted with water. The aqueous 
solution evaporated to a syrup, deposits after a few days crystals of ordn, which may be 
purified by reorystaUisation ifeim water, with addition of animal charcoal, during which 
operation, however, the charcoal absorbs a considerable quantity of ordn. (B o b i qu e t, ) 

2. A roccMa or a leoanora is macerated with milJc of lime ; the strained liquid 
boiled for a few hours in an open vessel, and evaporated to one-fourth ; carbonic acid 
gns passed through it as long as a precipitate of oaloio carbonate continues to form , 
and the filtrate evaporated to dryness over the water-bath, The residua is boiled with 
three or four times itsbiilb of strong alcohol; the solution evaporated, filtered and set aside 
to cry BtaJbse , the dark-coloured crystals are dried after three or four days between paper 
and dissolved m three or four tunes their volume of anhydrous ether, and the filteied 
solution is left to evaporate in vacuo. The large six-sided crystals thus obtained be- 
come still paler by crystaUisation (Stenbouse). This method is well adapted for 
preparation on the large scale. De Luyues recommends heating erythric ueid (the 
extract oiRoaodla iinctona, &c.) with hme to 160“ under pressure. 

Bafoetly eolonrlese orcin may be obtained by the following methods • 3. Oraellio or 
erythric acid is boiled with w.iter for half on hour or an hour, whereupon a large 
quantity of carbonic anhydride is given ofif, and the evaporated solution (mixed perhaps 
with animal charcoal) deposits on cooling a large quantity of colourless orj’stals of 
orcin (Steuhouse). — 4 lecanorio acid (or its greon mothar-Uquor) is boiled with 
strong bury ta-water, the baryta precipitated by oarbonie acid ; aud the hquid heated 
to the boihng point, then filtered and left to evaporate. Tlic crystals thus obtained are 
usually coloured, but may be purified by boding with aliinunio orferno hydrate, which 
takas up the colouring matter. If the orcin still remains coloured it must be distilled 
from a retort, the distillation being interrupted as soon as the orcin vapoms begin to 
carry colouring matter over with them. The aqueous solution cf the distillate yields 
colourless crystals by evaporation (Sehunck) See also Lamparter (Ann. Cli. 
Bharm. exxxiv. 266) 

Property — Orcin crystallises ftom its aqueous solution evaporated to a syrup in 
colourless six-sided mouodiuic pnsms, exlubiting the combination a>P . osP® . 
— Ps5 , sometimes with oP. Anglo oaP : ooP, in the orthodiagonal prmeipal section 
= 102“ 24': ooPai : oP « 83“ 67'; coPoo : — P« =» 136“ 16'. Cleavage parallel to 
ooPoo , The crystals are very soluble in water and in alcohol; they dissolve also in 
ether. The aqueous solution is neutral to test-paper, and has a strongly saoohanne, some- 
what nauseous taste. The crystals deposited from it contain 12’87 percent. (1 at ) water, 
which they give off entnely in vacuo over od of vitnol, or at the temperature of the 
water-bath. Prom anhydrous ether, orem is deposited in anhydrous crj^tals 

Hydrated orcin melts below 100“ giving offits water of erystolhsation. Anhydiwis 
orcin heated quickly to 290“ distds m the form of a syrupy liquid, which gradually ab- 
sorbs moisture from the air aud becomes crystalline When gently heated in shallow 
vessels, it may be subhmed m needles Its vapour-density, according to Dumas’ 
determination, is 6'7, which a^ees exactly with that required by calculation 

The aqueous solution of orcin is not precipitated by mercuric chloride, neutral acetate 
of lead, cupric sulphate, gelatin or tannni with baste acetate of lead, however, it gives 
a white precipitate whi(£ appears to contain C'H'T‘pb"0’ Ppb"0 , and is likewise pro- 
duced on adding nitrate of lead to an ammonincal solution of orcin. ■Witb/crno chlonde, 
it forms a dark red or nearly black precipitate, from which ammonia extracts oroin. 
It docs nut precipitate nitrate of stiver except on addition of ammonia. 
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Melted orom decomposes dry carbonate of sodium., with evolution of cnrhomc anhy- 
dride. Aqueous orom added to a solution of szlutaie of sodium, precipitates silica , and 
a crystal of orciu thrown into a boiling solution of sodio silicate is converted, without 
alteration of form, into gelatinous silica. A concentrated and slightly acid solutiou-of 
snljihate of quinine or cinchumnc becomes turbid when mixed withaconcentrated aqueous 
solution of orcin, with separation of an oily compound of the base with oroin which 
becomes nearly solid on exposure to the air. (De Luynes.) 

Dicmiqiositions. — 1. Orciu gradually tarns red’ in contact with air, especially m 
sunhght —2 Orem dissolves in mit to acid, and on heating the solution nitrous fumes 
are evolved, the liquid turning red, and depositing a red resinous substance soluble in 
alcohol and in acids. If the action of the acid be prolonged, the product is wholly con- 
verted into oxalic acid. Orem takes fire when very strong nitric acid is poiu'cd upon 
it, hut when it is gradually added to cooled fuming nitric acid, it dissolves without 
evolution of red vapours, and water precipitates from the sotution a red mass soluble 
in alkalis. When the vapour ofordmary nitric acid (of 40® Bm ) is made to act slowly 
upon orciu, tlie crystals become first brown, then red, and are converted mto a colour- 
ing matter different ffom orcein. This red product is soluble in water, alcohol and 
ether , dyes silk and wool red without the aid of a mordant , is coloured transiently 
red by ammonia, permanently by feed alkuhs, and is restored to its original light red 
colour by the action of acids. Its aqueous solution is precipitated by common-salt, but 
the colouring matter rodisaolves in water after the salt has been washed out. 

3. Orcin heated with solution of acid chromate of potassium, yields a brown snb- 
Btanoe whose decomposition is accelerated by addition of sulphuric acid. — 4 Solution of 
chloride of lime coloirct ovdm deep violot, the tint gradually changing to blown, and 
ultimately to yellow, — 6 The aqueous solution of oroin mixed with caustic potash or 
soda, quickly attinots oxygen and acquires a red or brown colour. — 6. Dry ammonia 
gas is ahsorbed by oroin in large quantity, hut is given off agam on expoame to the 
air When oroin is placed under a heD-jnr, together with a basin containing aqueous 
ammonia, it gradually turns daik brown, and is converted into orcein (p. 211). 

C’H«0'' + NH» + 0“ = C’H'NO’ -t- 2H*0. 

7. The precipitate which orem forma with aamoiiio-niirate of sdver is reduced by 
boiling, with formation of a silver speculum, the hquid at the same time turning red — 
8. Tn-chlonde of gold is reduced by aqueous orcin, slowly m the cold, immediately 
when heated, a dark brown powder separating at the same time (Schunok ) 

9 Orcin heated to 60° — 80® with strong sulphuric and is partly converted into 
oroin-snlphunoaoid, C’H*S W On diluting the resulting black liquid with water, 
flatimating with carbonate of lead, and quickly evaporating over the water-bath, a crys- 
talline mass IS obtained consisting chiefly of unaltered orcin , and when this is re- 
moved by digestion with ether, a residue is left, the hot aqueous solution of which 
saturated with carbonate of lead and filtered, deposits after u few hours, brownish, 
nacreous, rectangular lamints, consisting of basic orciu-snlphate of lead, C'H“Pb''S'0*. 
Pb"H''0“.4H'*0. The mother-liquor of these cryetals yields a second salt in micro- 
seopic prisms, containing 20’Il^Pb’'S*0*,Pb"II-0''‘.6H*0. (Hesse, Jahresb. 1881, 
p. 701 ) 

Substitution-derivatives of Oroin. 

Oroin foms suhstitutiou-derivatives with ohlonne, bromine, and iodine. The chlo- 
rinated and brominated compounds are obtained by the direct action of chlorine and 
bromine on oroin, the iodine-compound (C’H‘I"0’) by the action of trichloride of iodine; 
iodine itself does not act upon orcin. 

Bromoroln. C’H'BrO^ (Laraparter, Ann. Ch. Pharm. exxxiv 268) — Obtained 
by adding bromine-water to aqueous orcin, so long as little or no precipitate is thereby 
produced, or better, by mixing the two liquids iu quantities containing 2 at. binmine 
to 1 at. orom. Tlio resulting solution yields by evaporation hard anhydrous rhombio 
crystals of bromoroin, which m.ay be purified by reeryatallisation from water. 

Bromorcin is moderately soluble in hot, less sulublo in cold water, extremely sol- 
uble in alcohol and ether. Caustic potash dissolves it with decomposition and brown 
colorabou. It melts at 135®, begins to sublime below 100°, and decomposes at higher 
temperatures. When mixed with baste acetate of had, it 'yields a white precipitate, 
fi'om which it IS separated in its original state by sulphydric acid. 

Trlbroinorcln. Bromorceid (Stenhonse, Phil. Trans. 1848, p. 87. 

— Laurent and Gerhardt, Ann Oh. Phys [3] xxiv. 317.— Lamp art er, Ann. Ch. 
Pharm. cxxxiv. 257 ) — This compound is formed, together with a brown resin, when 
bromine in excess is added to orcin or its concontmted aqueous solution (Stenhonse; 
Laurent iindGerhardt); hut by adding bromine- wator to an aqueous solution of orcin 
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tlie same compound is obtained, nncontamiaated •with resin, as a nearly colourless 
crystalline precipitate, whicb may be further purified by reerystalliaation from weak 
spirit (liamparter) It la also produced by the action of bromine on orsellic add. 
(ifesse, Ann Ch. Pbarm exvii 207.) 

Tribrotnorem crystolhsos in fine colourless silky needles (Lamparter), in reddish- 
white prisms (Hesse) It melts at 103° (Lajnparter), at 98° (Hesse). It is insol- 
uble in water, very soluble in alcohol and ether. It decomposes at high temperatures, 
giyine off hydrobromio acid, and yielding an oily distillate wliioh sobdifles on coohng, 
together with a copious residue of charcoal. Votash poured upon tribromorcin coloius 
it deep riolet-brown, and on diluting with water, the whole dissolves with brownish- 
rod colour Ammonia does not produce this coloration. Acido destroy the colour of 
the potasbic solution. 

Tribromorcin treated with hrowme yields an easily fusible resinous mass having an 
extremely disagreeable pungent odour, and probably identical with the resinous tedy 
obtuined hy Stenbouse, and by Laurent and Gerbardt in the preparation of tribro- 
morcin. 1 at. orcin treated with 4 at. bromine also yields a black resinons mass. 
(Lamparter.) 

Trioblororoln, C'H“C1*0’. CMororoeid (Sebnnek, Ann. Ch Pbaim. liv 271. 
—Stenhouse, Phil. Trans. I848,p SS—DeLuynes, Ann. Ch Pharm.oxxx. 34).— 
Stenhouae and Sohunek, by treatog orcin with chlorine gas, obtained a ciyatalline 
chlorinated compound eontammated with a dark brown resin, somewhat difficult to 
separate ; the crystalline product was not analysed. De Luynes, by treating orcin with 
hydroohlorio acid and chloruto of potassium, obtains a product having the same physical 
properties, uncontaminated with ream, and exhibiting by analysis the composition ot tri- 
chlororein. It is soluble in boiling water, and in alcohol, from which it crystallises 
in colourless needles; melts at ahout 160°; volatilises partially without decomposition ; 
dissolves in aXkalta ; does not precipitate an alcoholic solution of silver-nitrate. 

Trl'lodoroln. C’H*I"0' (Stenbouse, Chom. Soc. J xidi, 827). — Produced by 
the action of tuchloride of iodine on aqueous orcin. The triohloride is added to the 
dilute aqueous solution in quantity not quite sufficient to precipitate the whole of the 
orem ; the brownish-yellow adhesive mass which colloets at the bottom is washed with 
water, dried, and dissolved in sulphide of carbon ; and the solution is filtered to separate 
a dark brown resinous substauca , the greater part of the sulphide of carbon is then 
removed by distillation, and the crystals obtained on the cooling of the solution are 
drained from the dark mother-liquor, washed with a small quantity of cold sulphide 
of carbon, pressed between bibulous paper, and twice recrystaUised from boiling 

Tn-iodoroin thus obtained ciystalliBcs in large transparent, brittle plates, tinged 
with brown, and somerwhat resembhng chloride of barium They are very soluble m 
sulphide of carbon, still more so in ether, moderately soluble in alcohol, insoluble in 
■water. Heated to 100° they gradually become brown. They dissolve in oaustio 
alkaht, decomposing, however, and forming deep hrown solutions, Strong nitm aoid 
decomposes them, slowly in the cold, rapidly on heating, ■with evolution of nitrons 
fumes and iodine vapour. Suljehurie acid does not act upon them in the cold, but on 
the application of beat the crystals char and give off vapour of iodine. 

Compounds homologous with Orcin. 

Seta-oroln. C®”©’? (Stenhouse, Phil Mag (Sjxxxiii 300, Ann. Ch, Pbarm. 
Ixviii. 104).— This compoundisproduced from usino acid, bytheaotion of heator by boiling 
■with caustic alkalis or alkaline earths. IJsuic acid submitted to dry distiUatiou yields 
a sublimate'togcther ■»!& an empyreumatic liquid and a large carbonaceoua residue. 
On treating the entire distillate ■with water and evaporating to a syrup, the residue 
deposits after some days bixfwn crystals of jB-oroin, whicb may be purified by treatment 
with animal charcoal, and repeated caystallisation flaitn weak spint. The treatment of 
usnio acid with alkalis is a less advantageous mode of preparation, as a considerable 
portion of the product is then converted into resin. 

Beta-oroin forma shining crystals belonging to the dimetrio system, and often of 
considerable size. Observed combination ooP P . AP . oP . mPoo . Pco . Angle 
AP : oP = 130° 67'; P • oP = 113° 27' ; Poo • oP » 120° 31' ; P : ®P 150° 33', 
AP : = 139° 3'. P« : wP® = 148° 29'. No perceptible cleavage (Miller). 

It is moderately soluble in cold water, but less so than orcin, easily soluble in boiling 
water, also in alcohol and in ether It has a slightly saccharine taste, and is neutral 
to reagents It sublimes unaltered, easily takes fire and bums ■»!& s smoky 

Dned in vacuo, it gave by analysis 68 84 — 69 20 per cent carbon, and 7 22 — 7’60 
hydrogen, ■whence Stenbouse deduced the formula requiring 68 68 0, 7'22 H, 

and 24 10 O, Gerhardt (^Tratti, ni 321) proposed the formula (requiring 
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69'56 0, 7'2-t H, and 23'20 0), according to which tlie compound is homologous with 
orcin, and metamoric with anisic alcohol Strseker (Ann. Oh. Pharra liviii. 114) 
had previously suggested ths formula 2C‘'H'®0* 3H“0 (rei^uiring 68 7 G, and 7'1 H), 
acooulmg to which, its formation from usnio acid (supposing the latter to be C'®H'10') 
would bo represented by the equation + 2C0-. 

Tho crystals of /3-orcin do not lose anythmg in a vacuum over oil of vitriol , but 
when heated over the water-bath, they give off a considerable quantity of water. They 
do not molt at 109°. 

Beta-orcin treated with ammonia acquires a splendid red colour in a few minutes, 
the effect taking place much more quickly than with orein, 'With solution of hi/drato 
or carbonate of potassium, it forms a snbstnnoe of a fine purple colour. Solution of 
chloride of liinc colours it blood-red, not violet like orcin. 

The aleohobe solution of p-oran does not precipitate silver-nitrate, either pure or 
mixed with ammonia, nor the salts of hai-ium, load, iron, or copper. It does not 
precipitate neutral acetate of lead, but with the iasic acetate, it forms a copious 
precipitate which is soluble in excess of the lead-solution, and quickly acquires a deep 
red colour on exposure to the air 

2. Kesoroln. O'H'O'* (Hlasiwotz and Barth, Ann. Oh. Pharm. cxxi 3fi4). — A 
compound, isomorio with pyrocateohin and hydroquiuone, produced by the action of 
melting potash on galbanum To prepare it, the resin, freed by alcohol from its 
gummy constituents, is fused with 2i to 3 pts. hydrate of potassium till tho muss 
becomes homogeneous. "Water is then added, the hquid acidulated with snlphurio 
aoid, and fllterod when cold , tho filtrate shaken two or tlttee times with ether, the 
etheral solution distilled ; and the residue, after being evaporated to a certain extent 
over tho water-bath, is introduced into a retort and distilled over an open fire. The 
first portion of the dUstUlate is watory and contama volatile acids j but afterwards an 
oily liquid passes over which soon solidifies in rudiatmg crystals. The product may 
he freed from adhormg volatile acids by dis.solving it in a smaU quantity of warm 
water, supersaturating with baryta-water, and again agitating with ether. On remov- 
ing the ether by distillation, there remams a syrupy residue which soon erystalbses 
and may be further purified by redistillation. The treatment with baryta may be dis- 
pensed with by repeatedly distiUmg with the thermometer, and collecting only those 
portions which pass over between 289° and 272° 

Eesoroin is very soluble in water, alcohol, and ether, insolnblo in sulphide of carbon, 
and in chloroform. It crj'atalhaes only from very concentrated enlutions, in tabular 
crystals or short thick prisms belonging, like orcin, to the trimetric system When 
recently prepared it is quite colourless, but acqumes a fumt reddish tint by keeping or 
by exposure to the air. It melts at 99°, and begins to volatilise at a slighily higher 
temperatui'o ; boils at 271°, and distils almost without residue; bmms with a bright 
flame It has a neutral reaction and a strong unpleasant, sweet, and somewhat 
irritating taste. It gives by analysis 66-1 and 66 6 per cent carbon and 6'7 hydrogen, 
the formula requiring 66 6 0 and 6'6 H. Vapour-density, obs >= 4-1 ; etdo «. 3 8 (the 
residue in the globe was dark brown, the substance having been partly decomposed by 
the high toniperatura required). 

The aqueous solution lorms with ferric chloride a dark violet-coloured hqmd, whieh 
on addition of ammonia deposits ferric oxide and becomes colourless. OMoride of 
lime produces a violet colour not very permanent. The solution mixed with aiamanta 
and exposed to tho air, becomes rose-red, afterwards darker, and ultimately brownish. 
The ammoniaoal solution, evaporated at a gentle heat, dries up to a dark blue mass, 
which redissolres in water with blue colour, and is reddened by acids Beeorcin re- 
duces nitrate of silver at the boding heat, on addition of ammonia. Heated with an 
alkiiline cupric solution, it throws down cuprous oxide. 

Tnbromo-resnrcm, C^H^Br’O^ is precipitated on addmg bromine-water to an 
aqueous solution of resorcin, in small, bulky, interlaced needles, aparmgly soluble 
in cold water, more easily in boding water, also in alcohoL 

OREIiIiIIl'. A yellow colouring matter contained, together with biiin (1. 600 )( 
in uunotto. It is soluble in water and in alcohol, slightly soluble in ether, and dyes 
alumed goods yellow (Chevreul.) 

ORBOSBIiIItr, O’H'O^ — A substance isomeno with benzoic acid, obtained : 1. By 
treating bydroclilorate of athamantin with boding water , sometimes, however, this 
process yields oreoselone (Sehnedermann and Winekler, Ann. Oh. Pharm. li. 
316) — 2 By the action of alcohohe potash on peucedamn (Wagner, J. pr. Ohem. 
Ixii. 276) • 

+ KHO = C’H*0» + C‘H’KO’ 

Feuceiianin. Oreuscliti. Angelnte of 

putaaiiium. 
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It crystallises in fine silky needles, slightly soinUe in cold water, veiy solutle in 
nleohol and ether, also with yellow colour in dilate potash, less easily in ammonia, the 
solution yielding a yellow precipitate with acetate of lead. 

OBEOSEIiOH'E. Tins body, the anhydride of oreoselin (2C’H'0’ — 

H’O = C“H'“0’), is produeod by the decomposition of adiamantin (Schnedermann 
and W inekler, Uo. oit ) : 

« C"H“0> + ad'Hi'O’ 

AUiainantln. OrooBelone. Vnlcrtanlo 

To prepare it, hydrochloric acid gas is passed over dry nthamantin till complete lique- 
faction takes place ; the mass is heated to expel voleiaanio acid , and the amorphous 
porous mass obtained on cooling is purified by crystallisation from boilihg alcohol, in 
winch, however, it is but slightly soluble. 

Oreoselone crystallises in nodides or eaubflower-like masses composed of fine needles 
grouped conceutrienlly It is tasteless and inodorous, insoluble in water ;• alkalis dis- 
solve it, forming red solutions from which acids precipitate it sbghtly modified It 
melts at 190® to a dear bquid, which carhomses at a higher temperature. 

OBCtATariC AWAitirsiS. See Anaxtsis, Obqanio (i. 226). 

OBOAiric CHEMISTRY. The peculiar charaetor of the chemical compounds 
formed in the bodies of plants and animals, and the failure of the earlier attempts 
to produce them by artificial moans, led to the erroneous idea that their formation 
was duo to a mysterious power called “vital force,” supposed to reside in the living 
organism, and to govern aU the changes and processes tailing place within it. In ac- 
cordance with this idea, the chemistry of orgomo compounds, including those which 
were formed hy artificial piocesses from the products of vegetable and animal hfa,'was 
erected into a special branch of chenucnl eeienee. 

Later researches have however shown that a largo number of compounds, formerly 
Tegai-dod as producible only under the influence of the so-caUod vital force, may ha 
formed either by direct combination of their elements, or hy chemical transformation 
of inorganic compounds. 

The first step in the formation of organic compounds from their elements, was made hy 
■Wohler, who showeclin 1828 that urea can bo produced bymoleoulai transformation of 
cyanate of ammonium. This experiment, viewed m eoiyunction with the fact subsequently 
estahlished hy l?o wn e s in 1841, that cyanogen eon be formedhy direct oomhinabon of its 
elements (li. 1D8), is conclusiro of the possibility of forming a product of thehving organism 
from inorganic matenals At the time of Wohler’s discovery, however, cyanogen had 
not been obtained, excepting fi’om substances originally derived from the vegetable or 
annual otguniam, and accordingly the idea of the peculiar nature of orgtinio oonipounds, 
as essentially products of life, still mauitabied its ground. Even m the first volume of 
Gmehn's Orgame Chemistry (published in 1848) we find it stated that “the bodies of 
the organic kingdom are distiu^ushed from those of the inorganio kingdom by tbeir 
inberent vital force,” although in the course of the same volume, several instances are 
mentioned of the formation of organioeompoundsfrominormme materials, viz • — 1 The 
formation of cyanogen, as above mentioned, by passing nitrogen gas over a mixture of 
charcoal and potiissic carbonate, also that of cyanide of ammonium by heating a mix- 
toe of sal-ammoniac, plumbago and lime or oxide of lead; — 2 The formation of oily 
and mould-like compounds by the action of acids on oarburettod iron , — 3. The forma- 
tion of the acid CHCl'SO’ from the compound COl^SO® (itself produced by the action 
of oliloiine and water on sulphide of carbon, i 776), and its conversion into CHtSO’ 
by tlie action of reducing agents.— 4, The formation of tetrachloride of eaibon, GGl*, 
by the action of chlorine on disulphide of carbon , the conversion of the tetrachloride 
into the dichlonde, CPOl'*, by passing it through a red-hot tube ; the foimation of tri- 
chloracetic acid (i. 877) from the last-mentioned compound, hy the action of eldonne 
and water in sunshine ; and the conversion of the trioldoracotic into acotie .leid, by the 
action of reducing agents — 6 The formation of sulphocyanate of ammomum by the 
action of ammonia on sulphide of carbon. — 6. The formation of rhodizonio, croconio 
and oxalic acids, together with mould-lika suhstanees, in the ordinary process of 
preparing potassium. Gmelin observes, however, that on the whole it appears that only 
the lower order of organic compounds, namely those which contain hut few atoms of 
ciirhon, can be formed artificially from inorganic matenals, excepting perhaps the 
mould-like suhstanees ; and he further expresses a doubt whether all carbon compounds, 
even sulphide of carbon, oarbonie oxide and carbonic acid, ought not to be regarded as 

The question of the formation of organic compounds from their elements has however 
been completely set. at rest by the classic researches of Bertholot, who showed in 
1850 th.it formate of potassium is produced by the direct umon of curbonio o.xido 
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with hydrate of potassium (lii. 683), and subsequently that acetylene may he formed 
by the direct coiubmation of carbon with hydrogen, and that maish-gos, ethylene, and 
BOToral of its horaolognes may likewise be formed from inorganic meterials (see 
Hthhodauboms, iii 188). These hydrocarbons nmy be converted into alcohols, e g. 
imirsh-gas into methyho alcohol (iii 988), and ethylene into etbyho alcohol (i 72), and 
from the alcohols, by well-known processes, a large number of other eompoimds may be 
obtained, namely aldehydes, acids, acetones, ethers, ammos, organo-metallic bodies, &c. 

Another kind of chemical transformation, formerly supposed to be peculiarly a timc- 
tiun of the living oiganism, is the formation of compounds containing a greater number 
of carbon-atoms from others eontainuig a smaller number In the earlier days of orgiinio 
chemistry, indeed, the principal agent of transformation known was oxidation, by which 
an orgume body is for the most part lowered in the scale, its carbon and hydrogen 
hcuig gradually burnt away, until at length the whole is resolved into earbonio anhydride 
and water, together with ammonia if nitrogen is also present. The possibility of effecting 
the opposite kmd of transformation, of budding up organic compounds from others lower 
in the scale — that la containing a smaller number of atoms of carbon or hydrogen, or both — 
has however been demonstrated in a outnumber of instances. Thns it has been known 
for some years that naphthalene, may be formed by passmg the vapour of alcohol 
or ether, or the vapours evolved by the iy distillation of benzoate of calcium, through a 
red-hot tube. Other instances of the building up of organic compounds from others of 
lower Older ore the production of potnasio oxalate from the formate, by beating with 
potash-hme (20HK0* =* + II-) , the formation of deoatyleno, C’H™, and 

many other of the higher olefines by distillmg amyhe alcohol, irith phosphoric 

anhydi'ide or chloride of zino; the oonversion of urea by heat into cyauurioaoid, of 
sulphobonzeua, by dry distillation into stilbene, C'H'*, &o. &c. (sea Qmkn’a 

Bandbovk, vn, 43). Of far greater importance, however, than these isolated instnuces 
of the accumulation of carbon-atoms by artificial means, are the general methods which 
h.ive been discovered of building up the terms of homologous series — especially that 
discovered by Mendius, namely the conveision of the cyanide of an alcohol-radicle 
into the amine of the radiele next higher in the series, o. g. cyanide of hydrogen into 
niethyUmine, cyanide of methyl into ethylammo, &o. (see HoitonoBOUs Substances, 
ill. 164). 

Since then tlie simpler orgamo compounds can he formed from inorganic materials, 
and from these a large number of the more complex compounds can be synthetically 
produced, it seems not improbable that all the proximate principles of the vegetable 
and animal organisms iviU ultimately be formed from their elements by artificial means 
The notion of organic compounds as coustitutiug a class essentially distuict from, 
inorganic or mineral oompounds in their formation imd constitution, must thorefore be 
abandoned. Still the marked peculiarities of character by which bodies of vegetable 
and animal origin, and those formed from them, are for the most part distinguished flrom 
those of purely mineral origin, especially then; more complex constitution and ready 
decomposibihty, as exhibited in their behaviour when heated, and by the phenomena 
of fermentation and putrefaction, have led to various attempts to define oigame com- 
pounds in a more satisfactory manner. Thus Liebig formerly defined Organic 
Chemistry as the “ Chemistry of Compound Eadicles.” Such a definition, however, 
cannot be maintained at the present day, when almost every class of salts, of mineral 
as well as of organic origin, is supposed to contain a compoiind radiele, e.g. NO* in the 
nitrates, SO* in the sulphates, &o Gmelin in liis “Handbook” defines organic 
chemistry as tho “ Chemistry of carbon-compounds containing more than 1 atom of 
carbon” (0 = 6), This deflmtion excludes the simple carbon-compounds, CO, 00*, CS*, 
which are usually regarded as inorganic. It is impossible, howoverj to draw any pre- 
cise lino of demarcation, with regard to properties and mode of formation, between 
those bodies and others, such us acetylene and marsh-gas, which this deflmtion would 
include among organic compounds indeed Gmelin himself, as already observed, 
suggests the propriety of considering all compounds containing carbon as organic. 
Such 13 in fact the conclusion at which we mast nltimntely arrive respecting the 
meaning of the term Organic Chemistry, namely that it signifies the Chemistry 
of Carbon-ooinpounde , and in this sense it is used by Gorhai'dt in his Trmtit ue 
Chtmte orgamqw, and by KekulA in his Lchrbuch dcr Oiganischm Chemie. 

Tho study of the chemical processes which take place in the bodies of bring plants 
and animals, and of tho composition and properties of the complex fluids and organs 
of those bodies, is the province of Physiological Chemistry, a branch of the 
science which bears the same relation to organic chemistry, or tho chemistry of carhon- 
compounds, that chemical geology bears to mineral chemistry 

OHGAIf O-iaBTAI.X.10 BOBIEiS. This term is applied to a numerous class 
of compounds in which an organic radicle such as ethyl is direeUg combined with a 
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metal, and serves to distiiigiush them firom other orgaoic compounds containinB 
metals, but in which the me^ la indireoilg united or linked, as it were, to the metid 
by diatomio oxygen. Although organo-metalhc bodies. oousUtuted according to tMa 
definition, aro, with ono exception, the creation of the last sixteen years, yet them 
derivatives have been known for a much longer period. From the time that an 
organic acid waa first united with a motiiUic base, these organic compounds containing 
iiietils indirectly united date their existence. It is true that these derivatives have 
not heen regarded fioiu this point of viow, but a little consideration will serve to show 
that they stand in the same roUtion to organo-metalhc bodies in the strict sense of the 
term, as the ethers, alcohols, acids, and numerous other orgiuuc families occupy with 
regard to the alcohol-radicles from which they are derived. Thus the orgono-metallie 
compound mue-othyl yields by oxidation ethylate of zinc , — 


Zn'N 


Ethjla 


[OC“H» 

[OC*H* 


a body which, although unknown until formed, by this reaction, has undoubted and 
well-known analogues in the ethylates of potassium nnd sodium 
By suitable processes of oxidation, ethylate of zme may be converted mto acetate of 



Ethylate ut zme 


0 * 


2E»0. 


The ethyl-compounds of potassium and sodium also pass through analogous phases 
of oxidation. 

Again' potassium ethyl and sodium-ethyl, under the influence of carbonic acid, yield 
the propionates of pota'-sium and sodium : 


KC*H‘ + 00* = K0C*H»0. 

PolatBlum-«thi 1. Froplouate of putastiom. 


The same result may also probably be reached by two distinct stages, viz., first hy 
the conversion of potassium-ethyl and sodium-ethyl into the ethylates of potassium and 


KOC*H» 


and secondly hy the action of carbonic oxide upon these bodies. 

KOO*H‘ + CO = K0C>H«0. 

Ethylnle of Propionate of 

The second stage of this conveimon has not yet been ’experimentally realised, but 
Berthelot’s production of formate of potassium from earbonio oxide and hydrate of 
potassium exhibits a homologous reaction. 

These examples serve to point out the relations existing between organo-metallio 
bodies in the usual acceptation of the term, end that far more numerous class of den- 
v,itives to which the same name might without impronriaty he applied , but it is 
scarcely necessary to remark that the present article will be confined to the considera- 
tion of organo-metalhc bodies in the usual and more restricted senee of the term. 

Foemation of OnoAHO-MBTAimo Bodies. 

Organo-metallic bodies can ho produced by a greet variety of proceaaea ; but these 
numerous methods of formation, with very few exceptions, admit of being grouped 
under four heads 

1. Formation by union, of the Organic Sadide in ataiu nascenti with the metal, or hy 
the coalescence of the latter with the iodide of the Otganio Radicle 

By this method, the organic radicle is almost invariably presented to the metal in the 
form of iodide, — a state of combination surpassing all others in the facility with which 
the two components separate under the influence of chemical affinity. The metal, 
made to present as large a surface as possible by granulation or otherwise, is placed 
in. contact with the organic iodide and heated in a close vessel of adequate strength to 
resist the pressure of the vapours and gases generated. 

For a figure and description of the apparatus see Bath (i. 621). 

In some eases the agency of light may be advantageously employed to replace that of 
heat as in the form.ition of organo-tin compounds, whilst in the c-ise of marenrial com- 
pounds, solar radiation is almost essentially necessary. Wliero light is employed, the 
materials aro enclosed in gloss vessels which are then exposed either to diffuse daylight, 
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direct sunlight, or to the solar rays concentrated by a parabolic reflector. In the latter 
c.ise the vessel may be surrounded by water or by a solution of sulphate of copper to 
ahaorb the culoriflo rays. 

The org.mic compounds of zinc, cadmium, magnesium, aluminium and glucinum 
are produced by the thermal process, those of tin may be formed either by the thermal 
or by the light process, whilst the organo-compounds of mercury eun only be generated 
in the class of process now under tocussion by luminiferous agency. The thermal 
method of procedure is well illustrated in the preparation of ttincethyl 

The reaction which occurs on heating zinc and iodide of ethyl is nsually expressed 
by the following equation : 


The actual chemical changes occurring in the formation of zineethyl are, howarer, by 
no means so simple. This body is found in a free state, in very small quanta^ only, 


amongst the products of the reaction of zinc upon iodide of ethyl, hut there exists 
amongst these products a orystaUine body whicb contains zinc, othyl, and iodine, and 
may bo regai'ded as formed according to the equation : 


G=H»I + Zn Zn"(C'H»)I. 

Iodide of Ethtoilldo of zinc. 


This compound is decomposed at about 160'’, yielding iodide of zinc and zinc- 
thyl: 

aZn"(0’Hni = Zn''(C'H«)* + Zn'T. 

EthiodideofJinc Zineethyl. 


Contemporaneously with the first of the above reactions, there occur others in which 
ethyl, hydride of ethyl, and ethylene are produced The separation of ethyl in this 
reaction is doubtless due to the direct action of zuie upon iodide of ethyl; 


2(G'H»)r + Zu 

Iodide of ethyl. 


(O'H*)* + Zn'T 

Blhyl. 


whilst the appeaianoe of the secondary produi^ ethylene and hydride of ethyl, results 
from the action of the ethiodide of zino upon iodide of ethyl • 


Zn'’(C*H‘)I + COT = C'H‘.H + C'H> + Zn'T’. 

Ethindideof Iodide of Hydride of Ethylene, 

zinc. ethyl. ethyl. 

Notwithstanding, however, the intermediate formation of ethiodide of zino, in the 
manner above indicated, the final result of the reaction is correctly expressed m the 
first of the above equations. 

The reactions by which ethyl, hydride of ethyl, and ethylene arc produced can he 
almost completely avoided by the admixture of an equal voliune of anhydrous ether 
with the iodide of ethyl. The yield of zineethyl is thus proportionately moraasoi 

Zinc-methyl and zmo-amyl may be also thus produced, hut they are obtained in a 
state of purity with extreme difficulty, and are therefore more advantageously prepared 
according to the fourth method of formation No attempt has yet been made to form 
the corresponding compounds of the remahung alcohol-radicles. 

Oi gano-comfounic nf Tiiu — ^Although these bodies can be obtained by other pro- 
cesses, the general method we are now considering is doubtless the moat convenient 
mode of producing most of them Tin is capable of formmg three distinct classes of 
bumry inorganic compounds which may be represented by the following general for- 



This threefold atomic character of the metal renders the result of its action upon the 
iodides of tho aleohol-radioles considerably less simple than that of zino. Without 
taking into account compounds to which a still more complex constitution has been 
assigned, tho existence of the following senes of organo-metallic bodies containing tin 
has been estabhshed . *■ 
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4th Sertea. 6th Scrlci. Otii 'lerlm. 



Tbe second and fourth of these senes have not yet been produced by the method wo 
are now considering. 

h'insT Sebies. Stanrums ethide “ produced in small quantities by 

the action of heat upon a mixture of iodide of ethyl and tin • 


2(C''H“)I + Sn> = Sn"(a'‘H'')“ + Sn"P. 

Iodide of othyl Stannous ctlilde, 

Stminom methide is doubtless formed under similar conditions. 

The TuniD Sbbibs of stann-organio compounds is formed by reactions, of which the 
following may he regarded as a typo : 


2[Sn'"(CH“VI] + Snl'h 

Dlnicthlndlde 
of tin. 


Fifth Sbbibs.— T he following ehemieal change expresses the mode of formation of 
compounds belonging to this series . 


3^(CH’)I 


Sixth Sebiks — The most abundant products of the action of tin upon the iodides 
of the aleohol-radicles belong to this series , indeed, if the action be produced by light 
instead of heat, they ore formed almost to the complete exclusion of tho othere. It is 
necessary, howeier, to remark that the materials exposed to light should be completely 
excluded &om atmospheno oxygen, otherwiee the liquid assumes an orange colour, and 
the action is so effectually arrested that an exposure for several months to sunlight, 
coucontratcd by a parabolic mirror, will aonrcely produce any appreciable change. 
The following reaction explains the formation of bodies belonging to this senes 1 
2(Cfl»)I + Sn - Sn‘’(Off)«l». 

Iodide of Stannic 

methyl. dimethlodide. 


It js evident that three series 
category, viz, : 



of tin-componnds are stdl wanting to complete the 


It is somewhat remarkable that no organo-tm compounds containing only one equiva- 
lent of positive radicle, have hitherto been produced. Tho inference to be drawn from 
this, that such bodies do not exist, must be checked by thofaot that no special attempts 
have yet been made to form them. 

Organo-campounds of Mercui y — The reaction of mercury upon the ioclides of tho 
aleoliol-raehelos gives rise to two senes of organic compounds, the general formula of 
which may thus be wntten 


The first series only of these bodies can he produced by the general mode of forma- 
tion now under consideration . but tho memhera of the second senes are readily obtained 
by the action of an organo-anc compound upon those of the first. 

For the production ot the first senes ot these bodies, the action of light is essential 
(except in the ease of mercuric lodo-allide), no elevation of temperature being capable 
of producing the chemical change. The foUowmg equation sufficiently exhibits the 
nature of the reaction ; 

cm + Hg = Hg''(CH“)I. 

Iodide of Mercurlo 


For tho production of the methyl-compound, bright sunlight may be employed , but 
the reaction for the etbyl-hody must he conducted in diSlieod daylight only, otherwise 
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no organo-motiJIic compound will lie produced, the ethyl being eliminated chiefly as 
such, but partly, also, as hydride of ethyl and ethylene 
2(C“H“)I + Hg = Hg"I* + 

Iodide of ethyl Ethyl. 

+ Hg = irg"P + OTO.H + 

Iodide of Hydrido of Etliylona 

ethyl. ethyl. 

In addition to these bodies, compounds containing araenio and antimony can alsp be 
produced by this general mode of formation ; but they are obtained with greater facility 
by the bccoud method, which will now he described. 

2. Fomafion of Organo-iMtallic bodies h) the action of the reapcotive Metals alloyed 
mih Potassium or Sodium upon the Iodides of the Aloohol-radides. 

The principles involved in this second general mode ofproduetion are essentially similar 
to those in the first, hut there is here less tendency to form compounds containing 
negative as well as positive radicles. The simultaneous production of an organo-potaa- 
sium or sodium compound need not be feared, smcesuch compounds cannot exist in the 
presence of the iodides of the alcohol-radicles 
This mode of formation will be sufficiently lUiistrated by the following reactions : 


4(CH’)I 

methyl. 

3(OH»)I 

Iodide of 
methyl 

4(0ff)I 
Iodide of 
methyl. 



4(CH>)I 

methyl. 


Arsenic-ctmipounds. 
2(As"W) = 2(^"'(OH‘)’‘) 

As"W = A3"'(0H")« 

TfhneUiylai-slae. 

As"TTa> - As'(OH»)T 

mcthylursonlum. 


A.ntmony~oompounda, 


Sb'"Na» 

Sb'"Ka* 


= Sb’(OH*)<I 

Iodide oftetra- 
metbylkllhonlum. 


Tin-oompounds. 

Sn"Na’ = Sn''(CH»)« 

flCSn'-Ka’) - 2[Sn"'(CH>)«] 

inethido. 

Sn'^Ka* = Sn'’(OH=)* 

Stannic inethlde. 


+ 4NaI. 
+ ShTal, 
+ SNal. 

+ 3NaI. 
+ 3NaI. 

-h 2Nar. 
+ 6M. 

+ 4NaT. 


Mercury-compounds. 


When the iodides of the alcohol radicles are placed in contact with sodium-amalgam, 
no perceptible action takes place at ordinary tcmporaturea, even after prolonged diges- 
tion, but on the addition of a few drops of aeetie ether, the amalgam is immediately 
attacked and a brisk action with considerable elevation of temperature attends the for- 
mation of the org.ino-mercurial compound. The function of the acetic ether in this 
reaction is not understood, but the ether is found m undiminished quantity at the close 
of the reaction. The foEowing equation illustrates the formation of these compound : 
2(CH»)I + Ifa=Hg'’ = Hg'’(C!H»)» + 2NaI. 

Iodide of Mercuric 

meiliyl methide. 


Lead-compound, 

6(0“H»)I + = 2[Pb"'(C=H”)’] + 

Iodide of ethyl ^ flumb-triothhle. 


6NaI. 
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JiiS7mtli-co’i>ypound. 

3(C=ff)I + Bi'W =. + 3NaI. 

lodida arochyl. BIs-trlethtdo 

Tellurmm-compotmds, 

Organo-tellurhim eompounda are formed by a modification of tliis metliod, irbich 
consista in distilling telluride of potassium ivitb etbylsiilpbate of potassium and its 
homologiies . 

2(S’'0».CH»0.K0) + T0"K’ = + 2(S-f0“(i;0)»). 

MBthilsulphatontpotSMlura. Tcllmriuin-matlijl, Sulphate of potosilum. 

The ethyl and amyl compounds are prepared by homologous reactions. 

3. Formation of 0)-gmo-nudallic bodies by the action of the Zmo-compounds of the 
Organic Sadtoles upon tie Haloid compounds either of the Metals themselves or of their 
Organo-denuatmes. 

Eor the production of organo-jnetallio bodies containing less positive metals than 
Bine, this method is perhaps not only the most convenient, but also capable of the most 
general application Compounds containing mercury, tin, lead, antimony, and arsenio 
have heen thus produced, but it has failed when applied to the haloid compounds of 
copper, silver, and platinum, for although these bodies are violently acted upon, the 
orgtmio croup does not unite with the metal. 

The following reactions illustrate this method of formation ; — 

Meronry-compoimds. 

'Zn''(CH»)» + Hg''Cy = Hg"(CH’)’ + Zn"CP. 

Zlnc-methyl. Mercuric methide. 

Zn"(CH«)» + 2Hg"Cl* = 2%''(0H»)01 + Zn"01’. 

Zlno-mcthyl. Mcrcuilc cliluromctlilde. 

Mereurous ethide and mercurous methido have not yet heen obtained either by this 
or any other process. The instability of mercurous eompounds, as seen in the inor- 
^ic oii^e and iodide, is brought to a climax in organio mercurous eompounds ; the 
latter ore instantly transformed into motuUic mercury and the more stable orgaiio-mer- 
curio compounds. Thus, when zmo-ethyl acts upon morourous chloride, the following 
change re^ts . — 

Zn"(0=ff)* + 2HgCl = Hg"|ol« + Hg + Zn"01>. 

Ztne-ethyl Mercurio ethtde. 

Tmrconipomds. 

2Zn’'(C^H‘)* + Sn''Cl‘ » Sn'VC=H‘)< + 2Zn"ai* 

Zlac.elhsl. Stanuti. chloride Smmtc ethide. 

Zn‘(0'H*)'“ + Su'*(C®)=P = Sn''(C“H‘)' + Zii'T. 

Zhio-ethyl Stannic dtethlodldc. Stnnmc cthula 

SZtt"(C»H»)« + 2Sn‘'Gl‘ - 2Sn'''(C=S»)»Cl + 3Zn"Cl*. 

Zl«<«thyl Chlorotrkhideottln. 

Zn"(CW)» + Sn'^CB - Sn"-(C'H‘)’C1“ + Zn''CK 

Zlnc.etbyl. Stnunlc dlchlotethlde. 

Lead-compmidU 

The following is the only reaction which has hitherto been effected by the method 
which wo arc now considering ■ — 

2Zn''(C“H‘)« + 2Pb''0P = PbWH»)^ + Pb + 2Zn"GP. 

Zlnc^ethyl, Plumbic ethide. 

Antimony-oompounds. 

3Zn"(CH*)* + 2Sb"'01» - 2Sh’"(OH»P + SZ^'Clh 

Zlnc-mothyl. TrlmethylsUblne. 

Arsento^ottipounds. 

Zti"(CH»)» + 2As'"01* =. 2As'"(GE»)’ + 3Zn"Cl‘. 

Zlnc-methyl Trlmcthylarilnol 
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Tliisfo ._ . . „ „ 

to the formation of tho compounds of sodium, potassium, htlunin, a , _ 

In tho case of the three first-named metals the reaction takes place at ordinary tempera- 
tures, the original body operated upon being an organo-ainc compound -whidi also enters 
tho composition of the resultang organo-potossium, sodium, or hthium compound as 


shown m the following reacti 

Zim-ethyl. 




2“^ Jc-H* + 

Na 

Sodio-zinc-eihyl, 


Zn, 


3Zn"|^:^: + » 4“'' {II + Zn. 

Zinc-ethyl. Fotasslo-zliic-ethyl, 

Sodium also displaces meroury feom mercuric ethide; sodium-ethyl is probal 
formed, but the exact nature of the reaction has not been ascertained. 

The organo-ziuo compounds are obtained by tho action of granulated zme upon t 
oocrespoudiug mercury compounds at a temperature varying from 100° to 180° 0, T 
following example shows tho nature of this transformotion. 


=s''ji 


C»H» 


2Zn 


Zd" 


The first mode of formation above described, cannot, without formidable diflicuUios, 
he applied to the production of zino-methyl and zino-amyl in a state of purity, hut by 
the fourth method, now under consideration, these bodies are obtained with great 
facility , for the preparation of zinc-ethyl, however, the first method is tho most advan- 
tageous. 

PeOPEUTIBS op OBGAnO-METAl.T.TO BoDEBS. 


The organo-metallio compounds as a class are distinguished by the extraordinary 
enerw of their affinities. With certain exceptions, presently to be noticed, their dis- 
position to imite with negative elements increases with the positive character of the 
metal and with the sm^ess of the atomic weight of the alcohol-radicle. Thus 
organo-potassium and sodium compounds possess more chemical energy than thoea of 
zinc, whilst the latter are more active than the compounds of arsenic, antimony, tm, 
or lead. Again, in the series belonging to each metal, tho metbyho compounds are 
more energetic than the ethyho once, whilst the last greatly eurpass the amylio com- 
pounds in this respect But whilst these general prmeiples govern the chemical 
cnerOT of orgauo-metallio bodies, their eflfeet is modified by the degree of saturation in 
which the metal exists. Although this circumstance has hitherto received oply partial 
elucidation, yet we have evidence of ite effects in the case of organo-tm compounds. 
Botli stannous ethtde and stannous methide combine diracUy with atmospheric oxygen, 
and the union takes plaoewithtolsrahlerapidity , but neither stunme ethide norstannio 
methide is in the least degree acted upon by free oxygen at ordinary temperatures ; 
even iodine acts upon them with difficulty. This diminution of chemical energy in 
organo -stannic compounds cannot he ascribed to the mere influence of the additional 
weight of hydrocarbon winch they contain, since stannous amylide readily unites with 
free oxygen at ordinary temperatures, although the single atom of amyl which it con- 
tains is considerably heavier than the double atom of either methyl or ethyl present 
in the organo-stannio compounds just cited, 

Organo-metaUie compounds in a state of partial saturation play the part of compound 
radicles. They are monatomic, diatomic, tnatomio, or tetratomie, according to the 
number of atoms requisite to complete their saturation. On tlie other hand, organo- 
metilhe bodies in a state of saturation never perform radicle functions : they never 
undergo chemical change without decomposition Thus zine-ethyl, stannic ethide, 
mercuric ethide, and plumbic ethide all give eubstitntion-products when they are 
chemically acted upon. 

Potassium, sodium, and htkmm senes * — ^Theso bodies have not yet been isolated; 
they are known only in combination with the corresponding zinc or mercury compounds. 
The double compound of sodium-ethyl and zme-ethyl is the only one which has 
hitherto been submitted to analysis. Its formula is 

• Wankljrn, Proe. Hoy, Soc. iy. 341. Fronltlaiid, Procceaine» ofthe Rojallastltutlon, yol.tr. 
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This Qompomid first spparat&s ft-om its solution in zine-ethyl ns a tr.insparpnt fluid, 
■vrlucli after some tune solidifles to a mass of large tabular crystals, fusing at 27° C, but 
when once fused rommning fluid at several degrees below that point On tlie appli- 
cation of a moderate bent to this compound, gases are ovnli ed, and a mixtiu'o of aocliiim 
and zino witliout e.irboii is left behind. Sodio-zinc ethyl decomposes water with great 
violonce, forming hydride of ethyl, .ind the hydrated oxides of zinc and sodium. The 
behaviour with negative elements has nor. yet hceu studied Its most interesting rene- 
tiou consists in the absorption of carhoiiic anhydride, which it transforms into propiomc 
acid. The sodium-ethyl alone takes part in this reaction • * 

NaC*H‘ + CO» = 

Sodium-ethyl. Propioniite of 


No compound of any of these bodies with a negative element has been obtained. 
Their action upon carbonic anhydride proves that they possess a still higher reducing 
power than the corresponding orgauo-ziue compounds, and they will therefore doubtless 
prove valuable agents for the substitution of positive groups for negative elements in 
cases whore organo-zinc compoimds fail to produce the desired effect, 

Sodium-eth^ decomposes the iodides of the alcohol-radicles in the cold, with for- 
mation of iodide of sottium.f 


NaC^ff d. O’f j 

Sodium. IndIdo of 
ethyl. ethyl. 


Owing to tiiis behaviour, potassium and sodium compounds 
metliod No. 4. 

The following bodies belonging to this series hove been descril 
Zii'’f<^^‘ I 

Potassio-zmo methyl . -g-, ■{ CH* | Lithio-meronrio i 


Potassio-zino ethyl . . Tr< ■{ 

Sodio-zinc methyl . . 


idium compounds can only bo prepared by 
j have boon described : 

"fCH= 

Lithio-meronrio mothide t ? ■< OH’ 
(Off 
g-„„fO»H« 

Lithio-moreurio ethida . t .p J 0-H‘ 
Li 

7,,' 

Lithio-zino motlude . , - J CH’ 


Magnesium series .^ — ^The compounds containing ethyl and methyl only have hitherto 
been examined, and the former alone submitted to analysis. These bodies possess a 
close similarity to organo-zinc compounds. They are very volatile colourless liquids, 
possessing a powerful alliaceous odom' , are spontaneous!;^ inflammable, and decompose 
w.itcr with violence. They do not readily decompose the iodides of the olcohol-radioles, 
and can therefore bo prepared by method No. 1, No compound of these bodies with 
negative elements lins yet been produced They arc in the condition of chemical satu- 
ration Purther details of their properties are wanting 
Aluminium senes — ^The only known organo-compouiids of this aeries are aluminie 
methide, A1'"(CH’)*, and aluminie ethide, A1'''(C’H“)“ They are prepared by heating 
mercuric methide or ethide with excess of aluminium clippings in sealed tubes . e.g. 

3Hg''{GH»)’ + Al* = 2A1'"{CH*)» + Kg’. 

_ They are spontaneously, inflammable liquids, which decompose water with explosive 
violonce, and react with iodine to form iodo-derivativea and iodide of methyl or ethyl. 
By regulated exposure to dry air they take up oxygen, forming bodies apparently 
analogous to bone dioxy-motliide and dioxothide (Buefcton and Odling). A 
compound of aluminie ethide with iodide of ethyl had iireviously been obtained by 
C ah ours § by heating alumininm with iodide of ethyl (li. 636). munnum appears to 
act with iodide of ethyl in a similar maimer. 


» Wnnkljn, Chem See. Qu. J xl 103. t Frankland, Proo Koj 

t Ciiliours, Ann. Ch. Pbys Will 17 

J /inf. [3] Will. 20,— Buck ton ami Odiiiig (Pioc Roy. Sue. xir. 10]. 
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Zmo Sebies.* — Three bodies belonging to this senes are known, viz. : 

Zinc-methyl, Zn'* | qjjb Ziuc-ethjl, Zn” | Zinc-amyl, Zn” | qs^h' 

They are oolomlc'is, tmuspni'ont, mobile, volatile, and odorous liquids, composed of 
two gaseous \olinnes of tho hydro-carbon radicle, and one volume of zinc-vapour, the 
tlireo Tolmnos condensed to two, Thoinetliyl- and ethyl-compounds are spontaneously 
inflamm,able, burning with a greonish-bluo flame * zinc-amyl is spontaneously inflam- 
mable in pure oxygen only. All threo are saluratod eompounde, incapable of direct 
combination. In contact with water, they are instantly decomposed, with formation of 
hydrated oxide of zinc and hydride of the organic radicle: 


Zn"(CH’)“ + 2ffO = 

ZInc-methjI. 


GrraduoUy treated with dry oxygen so ns 
two stages of oxidation, lUnstrated in 
equations : — 


ZiBc-othyl. 


0 


Zn"HW + 


to avoid too violent action, they pass through 
the case of zinc-ethyl by tho following 


2(GH« H). 
Hydride of 


= Zn" 


[ C*H’ 

loom" 

of ztnc-ethyl. 



Ethylnto i 


[ ^ 
I0C=H» + 

ofzlnc-ethjl. 


0 


5 r„„ 50 C»H‘ 

)OC=H» 

Ethylate of zinc. 


The action of iodine uyou organo-zinc compounds difliers somewhat from that of o^^en 
owing to tho monatomic character of the negative element. It consists in the snecossive 
elimination of the two atoms of hydrocarbon-radicle and their substitution by iodine : 

Zu"lgg: + P = Zn'f® + 0®I 

ZIno-ethyl. lodo-elhlde lodido of 

of line elhyl, 


Zn"|°Y + P = Zu"|][ - 1 - C'H‘I. 

lodo-ethideorzlne. Iodide of zinc. Iodide of ethyl. 

Organo-zino compounds behave in a manner exactly analogous in contact with tho 
other halogens, 

Eeactions like the foregoing point to the applicability of these compounds for 
effecting tho snhstitution of positive groups for negative ulements in compound bodies, 
an application which has not failed to attract the notice of chemists. In addition to 
the reactions of this class given above as examples of the formation of organo-metallio 
bodies by the third method, the following have been realised • 


With Mine Onde.^ 

2N»0» . 

Nitric oxide. Zlno-methyl Slnltro-methylate of zinc. 

It will be perceived that this reaction is the exact analogue of the one already men- 
tioned in the sodium and potassium series, where carhonic anhydride, treated with 
sodium-methyl and epdium-ethyl, forms acetic and propionic acids. In fact, dinitro- 
raothvho and dmitro-othvlie acids may be regarded as the analogues of acetic and 
propionic acids respectively ; the mtrogen here sustaining a diatomic character, and 
replacing an atom of oaibon. 

With Sulphurous Oxide.X 

A . z.-!®: . 

Zinc-raethyl. Methyl-dlthlooate ofzinc. 


EttiyUtrlthioimto of zinc. 
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With Triohlorida of Phosphorus* 

* eSSP -a.i-SSL* 

2Pbl” + arZn-fC^HO”] ■=• 2F''(C^H"P + SZii-CP. 

Zinc-etliyl Triothylphosphlne. 

There is no apparent olistaclo to this reaction holng pushed to its extreme limit in 
the cii&e of pentatormc bodies such as phosphorus, arsenic, or iintimony. Mr. Buckton 
has atteniptcd this m the case of antimony , but although evidence of the oxist- 
onco of a pentethido of antimony was obtained, the body could not be isolated nor its 
composition satisfactorily fixed. The weat stiibihty of the toatomic compounds of 
the.se bodies will probably present considernhle difficulty in the way of ohtabiing poii- 
tatomie eoiupoiinds of an exclusively positive character, such bodies being doubtless 
easily resolved into the more stable groupings represented in the following equation ; 
sb’(c>H‘)» = Sh"'(C"H:'>)» + 

Antlmouio ethide TrlethylstUiino. Ethyl. 


(OC’ff 

B"XOC'H“ 

lOG=H» 


Wtih Bono Mher.^ 



Zlnc-metbjl 


(CH* 

lCH» 


z(Zn" 


CH» 

C‘H“0 


) 


Ethylate of zinc.methyl, 


With Oxatia Ether. I 

When oxalic ether is heated with zinc-ethyl and water is afterwards added, leuoio 
ether is produced according to the following equation : 

,0 

C. »!S- . . 2H.<, . CP »S_ t ^^jo. + h1‘jo, 

(c'n* loc’H* 

Oxalic other. Ziuc-ethyl. Xeucle other. Alcohol. 

With Tetrachloride of Sihoon. 

Sfi'Cl* + 2[Zii"(C=H‘)»] = Si‘'(C=H»)‘ + 2Zn"Cl». 

ZInc-cthyl Sllicium-ethyl. 

Whilst, on the one hand, organo-zine-compounds ore thus oapahle of effecting the 
substitution of their positive organic groups for negative elements, they can, on the 
other hand, in certain cases replace hydrogen by zme, forming, for instance, with am- 
monia and its homologucs, a series of zmc-amides. In this direction the following 
reactions amongst others have been recorded | 

Zn"(Cm»)« + 2N"'H> - fen"H* + 2(C=H*.H) 

Zinc-ethyl Ammonia. ZIncamWo. Hyarlde of tthyl. 

Zn"(C’H»)> + 2[N"'(C»H«)ff] =. l?2(G»H»)=Zn"H^ + 2(CmH) 

Zlnc-othyl. Aniline. ZluophenyllmWe. Hydride of ethyl. 

ZnCC^H*)’ -1- #(0'0'*)H» = #(C'’H«)2Zn''H + 2(G2H«H) 

Zlnc-etUyl. Oxamtde, Ztaooxlmide. Hydride of ethyl. 

By losing one atom of alcohol-radicle the organo-zinc-compoimds become monatomic 
compound-radicles, forming compounds which have been but littlo axammed. The 
foUowing however have been described • || 

Dinitromethylata of zinc-methyl . . . 

Dinitroothylate of zino-ethyl .... 

Cadmium Series “jf — Only one member of this seinet is known, and that very imper- 
fectly Its properties appear however to he analogous to those of the zino-compoimtls. 

Tm Sbeies ** — A. large number of organo-raetallie bodies containing tm have been 
described. The following will suffice as examples of theaoverffi dasses of these com- 
pounds. 
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a. Stannous Compounds. 

Stannoua methide, or Stanmethjl . . Sn"(CH*)’. 

b. Triatomio Compounds, 

Trimotliide of tiu . . [Sii"'(OH>)*p ] lodo-dimethide of tin . [Sn"'(Oir>fI]. 

0 . Staxma Compounds 

Stannio methide ..... Sn'''(CH*y 

StiumiB iodo-trimothide .... Sn'’'(OH'' rl 

Staunio lodo-dimethide .... Sn‘’(OH’yP. 

It is scarcely neeessoiy to obseiTe that the iodine in the ahoTO compounds admits of 
replacement by any salt- forming radicles and also by oxygen or sulphur. 

Stannous compounds are oily hquids soluble in alcohol and other, but insoluble in 
water, and possess a pungent odour. They cannot be distilled without decompositiou, 
being resolved into stannic compounds and metaUie tin. They are in a state of 
partial ohonueal saturation only, and therefore perform the part of radicles, combin- 
ing directly with chlorine, oxygen, &o., and forming weE-marked bodies of great 
stability. 

Stannous compounds are diatomic, and unite directly with free oxygen, chlorine, &a , 
to produce bodies of the staunio form. Thus stannous ethide forms with oxygen, staume 
oxidiethide : 

Sn'YO^H'y + 0 = Sn'r(0-H«y0" 

Stumous etlilde. Stannic oxidiethide. 

Stannous compounds have never yet been observed to play a monatomic part. Ko 
triatomic compound has been directly formed &om a stannous body , the latter, under 
theinfluonoe of iodme, oxygen, ice , booms to pass at onee uito the staume form. 

Tnatomio compounds of the form (Sn"'E® + )* have hitherto been verjr httle examined. 
They are oily hqmds, uniting directly with negative radicles, formuig an extensive 
series of compounds belonging to the stannic mass, a considerable number of which 
have been studied. The following examples wdl serve to show the mode in which 
tnatomio compounds of this form pass into bodies of the stennie class ; 

[Sn"'(0®H‘)»]* + P = 2Su''(C>H‘)»I, 

Trl-ethlde of tin. Stannic iodotrletblde. 

Sn‘''(C“H*)»I + P = Sn''’(C*HW + . 

Stannic iodotrl. Stannic Iodide of 


No reduction of a triatomic compound to a stannous eompoimd has yet been effected, 
although it can soaroely be doubted that an aqueous solution of diothiodido of tin, for 
instance, if treated with zinc, would yield stannous ethide On the other band, 
stiuinio ethide or methide in contact with iodine is trausfonned into a tnatomio com- 
pound, viz , diethiodido of tin . 

2Sn‘i(C’H“)‘’(CH«y -b I« ^ 2Sn'''(0’H»yi + 4CH»I. 

Stannic etliylo-dlraethide. , DImothlodido Iodide of 

^ ol tin. methyl, 

Triatomio compounds of the form ^Su"'|e + ^ 'are very little known. In fact the 

diethiodide of tiu, the production of which from stannic ethylodimathida has just been 
mentioned, is the only one known with cortamty. It la a eolourless mobile liquid, 
boding with partial decomposition at 208°, and possessing a most insupportable 
odour, resembhng essential oil of mustard. Heated with excess of iodine, it is trans- 
formed into stannic lododiothide . 

[Su"'(C'H‘)H]' + I» = 2Sn''(C'H»)=I' 

iDlethlodlde of tin. Stannic iododicthide. 

Stannic compounds of the form + are colourless mobile liquids, possessing 
n slight ethereal odour. They are volatile without decomposition, and are very stable. 
Bomg in the condition of chemical saturation, they are incapable of direct combmahon. 
No body can act upon them without expeUing one or more atoms of positive radicle. 
Thus, when heated with hydrochloric acid, stannio ethide yields staunio chlorotrietlude 
and hydride of ethyl: 

Sn>'(C'H‘}‘ -i- HCl = Sn'’'(C«H»)»Cl -l- C'H».H. 

Stannio ethide. Stannio ohlorotri. Hjdride 

ethide. of ethyl. 
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Stannic compounds of tho form Su*'|^ ^ commonly called compounds of sesqm- 
_ sUiiiiiutliyl. Imvo teen compiirativoly well studied The oxides aro, in the anhydrous 
’ condition, volutilc, Itmpul, oily liquids which readily unite with water, forming orya- 
tallino hydrates which have a powerful alkalino reaction, and neutr.ilise the strongest 
aeids, forming an extensive senes of salts. Those salts ai'e almost all soluhlo in water, 
readily crystiillisable, and of a very pungent odour. 

Stannic compounds of tlie foini Sn'’ I have also been very completely inves- 
tig.sted Tho oxides .aro white amorphous powders, insoluble in water, alcohol, and 
ether. They dissolve in hydrochloric, hydriodic, and hydrohromio acids, forming 
colourless and inodorous salts, which crystallise m fine prisms Most of the oxysnlts 
can also bo obtained in the erystallino form, either from aq aeons or alcoholic solutions. 

Slanme compounds of tins form are readily reduced to stannous compounds , thus, 
when a piece of zinc is plunged into a solution of stannic chlorodietmde, stannous 
ethide is produced 



Bismoth SEBUis *— These bodies have ns yet bean hut very imperfectly investigated. 
Bismutlions tviutlude is a eolonvless or slightly yellow mobile liquid, having an un- 
pleasant odour like tlut of stibethine Exposed to the air, it gives off dense yellow 
tnnies, inflames spontaneously, and finally explodes. It is very unstable, begins to dfw 
compose at o0° or 00° C , and explodes violoiitlywhen lieutedto 160° 0 , a tempeiuturs 
still below its boiling point No direct compound of this body has yet been obt.iined • 
It behaves like a chcime.illy saturated substance, and when slowly oxidised in contact 
with water, yields alcohol and hydrated oxide of bismuth. 

When ail alcohobe solution of merewie chloride is added to an alcoholic solution 
of bismutlions ethide, mercuric ethoohloride crystallises out, whilst bismuthous dichlor- 
etliide remains in solution 

:Bi"'(C^H»)’ + 2Hg''Cl» = BiJ^C=H»)OP + 2H|"(02H*)C1. 


From the bismuthous diehlorethide, the diiodide and dioxyethido are prepared by 
double decomposition, whilst the simultaneous action of sulphuretted hydrogen, water, 
bismntlioiia othide, and atniosphorie oxygen is said to produce the double compound of 
bismuthous sulpludo and hiemuthio sulphotriotliide. 

Leah SEEiEs,t — ^Plumbic ethide, Pb'’'(C'H“)S and its derivatives only arc known in 
this series 

Pltunhic ethide is a colourless limpid fluid, soluble in ether, but insoluble in water, 
and posse.ssing a faint odour. It is not acted upion by oxygen at ordinary temperatures, 
but chlorine, bromine, and iodine act violently upon it. Plumbic ethide belongs to the 
class of saturated bodies, and is consequently incapable of forming compounds. When 
it is treated with hydrochlono acid, hydnde of ethyl separates and plumbic cbloro- 
tnetlude is formed • 


Pb*'(C’H‘)< + HOI » Pb'’(C®)’Cl + O^H'H. 

rinmbic ethicle. Plumbic chloro- HyCrulo ol 

trtethide ethyl. 

From plumbic chloro-tricthide the sulphate and other salts can be prepared by 
double decomposition. These salts may also bo obtained still more readily from the 
oxide, which is a erystuUme, volatile, pungent body, possessing a powerful alkabno re- 
action, and attracting carbonic acid from the air. 

Meeootuo Sbbies I — This series is confined to bodies of the merenne type, no 
orgauo-mercurons compound having been yet produced. The following ai ’ ^ 

of bodi"" 


pf bodies belonging to this senes 
Mercuric metliiodide 


Hg" 




Mercunn othonitrata 
Mcvcunc amylide 
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Morounc metliide, mercurio ethida and mercuric amyhde are colourless, ethereal, 
volatile liquids, insoluhle in water, but soluble in alcohol and ether, and possessing great 
stability They are in a state of maximum saturation, and cannot thcrofore unite with 
any other body without the dis^ihieomont of an equivalent of positive radicle. Thus . 
with bromuie, mercuric ethido gives bromide of ethyl and mercurio ethylobromida : 

Hg"(C-H‘)'‘ + Br“ Hg"(C»H‘)Br + C«H»Br. 

Morcurlo etliido. . Mercurio Bromide of 

etliyiobroniide. etliyi. 

Mercuric metliido possesses the highest specific gravity of any known non-metallic 
liquid (3 069). Flint-glass consequontly floats upon its surface. Brought into contact 
with mercuric iodide, mercuric methido, merourie ethida and merouric nmylido are 
converted respectively into mercuric metluodide, mcrcmue ethiodida and merourie 
amyhodide : 

+ Hg’'P - 2[H£(GHpi]. 

methlde. methiadide. 

The reaction with mercui'ic chloride is exactly analogous. The hydrates of merouric 
methoxide and mercunc ethoxide are caustic alknhue bases, capable of eipelliug aiu- 
mom.i from its salts, and behaving in a manner siiudar to the con-esponding monatomio 
compounds of tin and lead. Tlie remaining mercury-compounds, which may be con- 
sidered us derivatives of these tw'o bodies, are represented in the above list by the 
iodides and nitrates . they generally crystallise very readily, and, with the exception of 
the haloid compounds, uio soluble in water. The behaviour of mercuric mothule, 
etliide and amyhde in contact with zmc has ah-eady been described as the basis of a 
mot Imd for prucurmg the zino-componnds of the respective hydrocarbon radicles. When 
the iodide, bromide, oJ chlorido of an organo-niereurial body is treated with an organo- 
zino compound, tlio negative element becomes replaced by the alcohol-radicle of the 
zinc-compouud ; thus, wlien mercuric methiodide is treated with zinc-metbyl, mercuric 
motiiido IS produced. And it is believed that by noting upon mercuric ethochlonde 
with zinc-melbyl, mercuric ethylometbide is formed: 

2[Hg"(C«H»)Cl] + Zn"(CH»)' = 2[Hg"(C2H»)(CH»)] + Zn"Cl’ 

Morcufa, ecliochloricle Zliic-metliyl. Morturlc ctliylomctlildo. 

but this body has not yet been obtained in a state of purity, distillation gradually re- 
solves It luto mercurio metliide and mercuric etliide 

2[Hg"(C=H»)(CH’)] = ng"(CH»)» + Hg"(C«H»)= 

Merturic ctlijlumethlde Mcrmnlc Mercuric otiude. 

Antimomt Smiins*— This important series of organo-metaUic bodies contains a 
greater number and vemety of eomponnds than any other, with the exception of the 
arsonio senes The remaiitable polyatomic character of antimony imd ursenie not only 
renders the possible number of thoir organo-compounds veiy large, but tlio variations in 
the proportions of the positive and negative molecules gives aA extremely wide range to 
their onemical character, extending, ns it does, from highly caustic bases on tho one 
hand to powerful bibasic acids on the other. The foUowing are the prmcipal compounds 
belonging to this series . 

Tnmethylstibme Sb'''(CH*)*. 

Antimonic Tnniethoxido . Sb'(CH’)’0. 

Iodide of tetramethylstibouium or antimonic tetramethiodide . Sbi(CIP)'I. 

Hydrate of tetramothylstibomuiu or antmionic totramothylhydrate Sb'(CH“)‘(HO). 

Antimonic Trimethosulphate ShTCH’j’lSO*)". 

Antimonic Trianiyluitrate Sb’(CH’)“(NO“H. 

It is remarkable that we have as yet no decisive evidence m this series, of the ex- 
istence of a compound corresponding to cacodyl It is true that such a body has been 
described under the name of stibhuimyl, hut subsequent experiments have failed to con- 
firm its existence. Amongst organo-antimony compounds, therefore, the most simple 
form is Sb"'K* + . Bodies of this form are the analogues of ammonia, and need not 
be here further noticed. The pentntomic organo-antimomal compounds of tlie form 
Sb' ^are also the tine analogues of ammonium-compounds. 

The remaining compounds of this series are constructed upon the model 
When two atoms of H— are replaced by diatomic oxygen, these compounds constitute 



Landolt,! 


91 i Buetton, 
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what may be teemed biaeid antimony bases. They are formed either by the direct 
muon of the stibamiuea Sb'"B’ + wdth oxygen. 


Bb"XB+ +0 = 

lE+ _ 

or as hydrates by the decomposition of the corresponding haloid compounds by moans 
of potash • thus — 




2KC1. 


The stibamines, although in other respects the perfect analogues of the nitramines 
here evidently exhihit a much more highly positive character, nmting with oxygen so 
energetically as to bo spontaneously inflammable m the lower portion of the series. 

The biacid antimony bases are eolonrless, tamsparent, amorphous, and viscous 
bodies ; the ethyl base is easily soluble in water and alcohol, but somewhat less soluble 
in ether. They possess a bitter taste, are uon-vohvtile, and do not sutfer any change 
when exposed to the air Treated with potassium they are reduced to stibamines 

Sbjfo^). + 2K = Sb"’|l+ + 2KH0. 


Fuming nitno acid decomposes the hiaeid bases with ignition ; but when they are 
treated mth dilute nitric or other acid, the respective biacid salts are produced. Tho 
oiyaalts are soluble in water or alcohol, most of them ciystallise without much diffi- 
culty, as do also the antunomc bimodides , but antimonio triothobromide and triotlio- 
cUorido are liqmds not volatile without decomposition, insoluble in water, but soluble 
in alcohol and other. 

Tho existence of antimonic triethoxiodide has been proved by Streoker. It had 
previously boon regarded by Merck as a protoiodide of stibethine (Sb(O^H“)®I). 


Ausunio Semes.#— This series is perhaps the most important and interesting 
amongst organo-metalhc bodies, it contains the first discovered organo-metal, cacodyl, 
tho classical investigabon of which by Bunsen not only imparts a completeness to 
our knowledge of this senes, but has afforded the clue to the successful interpretation 
of many phenomena met with in other analogous families. It will be convenient to divide 
its very numerous members into tlu'ee groups. 


A. Organo-arsenical compoimds of the type ^s|e® 

B. Organo-arsenical compounds of the type As'''E’. 

0. Organo-arsenical compounds of the type As’E*. 

All aisenieal compounds permit of bemg arranged under these three types, 
following are a few of tho principal bodies already investigated 
A. Organo-arsenical compounds of the type 


B. Organo-arsenical compounds of the type Ab''B'. 


Chlonde of cacodyl . 
Chloride of cacoplatyl 
Aisomons oxymethide 
Arsemoua dichloromethide 
Trimathylarsine , 


Afl'''(OH>m 

AB'"(CH»XOFt'"H)Cl 

As'"(Cff)0" 

Aa"'(CH*)OT 

Ab"'(CH=)=. 


C. Organo-arsenical compounds of the typo As''B'‘. 

This group may be conveniently drndad into four families or sub-types, viz. : 
a. Bodies of the form As’ I and their derivatives. 

Monomethyl-araenio acid .... As’(0H')0"(H:0)® 

Arsenio oxydichlormethide . . . . A8’(CH=)0"0F 

Arsemo tetrachlormethido .... As'(CH”)OF. 


The 
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i. Bodies of the form Aa’ I and their derivatives : 

Cacodylio acid ...... As''(CH“TO"(HO) 

Terehloride of cacodyl .... Afl’(CH”)“Cl“. 

0. Bodies of the form Aa’'|^"_]|', and thoir denvativOs : 

Areonie tnethoxido As’(C'‘H*)’0" 

Arsenic triothosnlphate .... Ab'(G“JI‘')’(SO<)" 

Arsenic trietliochlonds .... A&*(C“B[*)“G1’. 

d. Bodies of the form As’ 

Hydrated oxide of tetramethylarsomum or arsomc 

tctramethydrate Aa''(CH7(HO) 

Iodide of tetramethylarsomum or arsenic tetrameth- 

lodide As’(GH»yi. 

Nitrate of dimethyl-diethylarsonium or arsenic 

dimethyl-diethylmtrate Ab’'(GH'')®(G'H“)*(NO’). 

The organo-arsenical compounds belonging to the type .dLs“|jj2 contain only posi- 
tive radicles. They are volatile poisonous liquids, insoluble in water, but very soluble 
in alcohol and ether, and possess an insupportable odour. The lower members of the 
family are spontaueously inflammable, whilst the higher ones alao rapidly oxidise ui air. 
They unite with negative elements with great energy, manifesting in their combinations 
cither a monatomic or a triatomio diaiuoter, and producing bodies either of the form 
As'" or Aa’I^s^. Thus cacodyl forms with elilorino, chloride of cacodyl 

and trichloride of cacodyl • 

= 2[As"'(CH‘)’Cl]. 

Cacodyls Chloride of cacodyl. 

+ Cl« - 2[As-(CH>)W]. 

Caiodyl Trichloride of cacodyl. 

Heated to 400°, cacodyl splits up into metallic arsenic, hydride of methyl, and oleflant 
81“ 

A8>(CH»y = As’ + 2(CH«H) + C’H*. 

Cacodyl. Hydride of motfiyl Ethylene 

Bodies of this type cun be regenerated by reducing agents &om many of their mon- 
atoraio compounds , thus ohloride of cacodyl and metallie zme give cacodyl and chloride 

2As"'|(°g'')’ + Zn = + Zu'W. 

Organo-arsenioal compounds of the typo A£"'S? are of three forms, viz. : 

(1) Ab'"B’+ (2) A8'“|^’+ (3) Afl"'|?^,+ 

Those belonging to the first are termed arsines, and are the analogues of ammonia; 
but, hka the correspoudiug antimony compounds, m addition to their olkoloid function, 
they have the power of combining with two negative atoms, forming bodies of the 
sub-type As’'|g2^. Thus triothylarsme combines with oxygen to form arsenic oxy- 
tviethide. The lower members of the type possess this property to such an extent as 
to render them apontanoouhly inflammable in the air. 

Compounds belonging to the second of the above forms are produced by the direct 
comhinatiou of the cacodyls with negative elements. . When the negative element is 
oxygon, the diatomic character of the latter doubles the typo, which then becomes 

As’|E’+. The oxides are bases of comparatively feeble power, slowly combining 

with water and two additional atoms of oxygen, to form acids. Thus oxide of 
cacodyl, by exposure to air and moisture, slowly passes into cacody lie acid. 

As\CH’)‘0" + 0" + H’O » 2A3’(Cn'')’0''(0H). 

Otide ol aicodyl. Ciicoilylic acid. 

The elilorme, bromme, and iodine compounds of the form wo are now coiisidering 
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are volatile neutral bodies, which may he regarded ns the haloid salts of cacodyl 
Heated in contact with platune chlonde, the cacodyl presents an interesting reaction: 
two atoms of hydrogen in the chloride of cacodyl heeomo replaced by a diatonic 
moleculo of platimun, producing chloride of cacoplatyl. 
fOH" 

As'" Jen* + pra* 

1 Cl 

Chloride of cacodyl. 

Cacoplatyl forms a series of compounds analogous to those of cacodyl. 

The only compounds of tho third form yet known belong to the methylie group. 
Arsenioua oxymethido is a crystalhno body of a nentral character, soluble in water, 
alcohol and ether, unchanged by exposure to air, hut transformed by distillation with 
hydrate of potassium into arsonious acid and oxide of cacodyl • 

W'jOf, + 2|jo" ^ M*jo| + S]0" d- 

Arsenloiu oxymethldo Oxide of cacodyl. 


fGH* 

As"'J OPt'H + 2HGL 
I Cl 

Chloride of cacoplatyl. 


Hydrochloric acid converts it into arsenious dichlormothide ; — 

+ 2H01 » + h|°'' 

Araenlona oxymethidc. Araenloua diclilormethlda 

Hydrohromic and hydriodic acids produce a perfectly analogous change, whilst sul- 
plmretted hydrogen transforms it into arsenious sulphomethide. 

The olilorinc, bromine, and iodine compounds aro noutrul bodies of considerable sta- 
bility ; tho two former aro liquid, tho latter sohd and crystaUine By the action of 
chlorino or oxidising agents, they are transformed into bodies of tho form As’l^^"*" 
Oigano-arsenical compounds have been more thoroughly investigated in the direction 
of the typo Ab’E* than in any other , consequently we find these bodies rather nu- 
merously represented, especially under the subtype As’ which latter bodies are 
the strict analogues of the compounds of ammonium 
The 8uh4i/pe has yet only been explored in the methylie group, Tho 

oxygen compound constitutes anhydrous monomethyl-sraenio acid, a direct derivative 
from arsenious oxymethida : 


As"'(0H*)0" + 

Arienloin oxymetblde. 


Ag^O" = Aa’(CH«)d' + 2JLg. 

MonomoUiylarsenlc add. 


This acid is dibasic, forming stable and woU-deflned crystallisable salts, the formula 
of which are represented by the general expression : Ab’(CH®)0"(M0)’. 

The chlorine compound is exceedingly unstable, it may however be formed at — 19° 0., 
but IS transformed at 0° 0 into arsenious eblorido and ebloride of methyl: 


As’(CH»)Cl* =. A8"'C1* + CH"0]. 

Arienic tetiachformethldo. Chloride of methyl. 


Arsenic oxydichlormethido is a somewhat more stable body formed by the direct 
union of cblorme with arsenious oxymotliidc. 

A3"'(CH»)0 + Cl* » Aa’(0H'')O’'Cl». 

Araenlous oxymethide. Arsenic oxydlchlormethlde. 


Hevertholcas, oven this compound readily decomposes, with evolution of chloride of 
methyl 

Siii-type The oxygen-compounds are feeble monobasic acids of which 

cacodylio acid may be regarded as tho representative. They are derived from tho 
fB’-l- 

bodies AsH Il’+ by direct oxidation, as already described. Cacodylio acid is romark- 

lo 

able for its stability; neitber fuming nitric acid nor a mixture of anlphnrie and 
cliromic acids attack it, even at tho boiling point, and it may bo heated to 200° with- 
out alteration. Although it is solnblo in water and contains upw.aids of 5i per cent, 
of ai-some, yet it is not in tUe least poisonous. Several agents reduce oacodylic aCid to 
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76n to tlio diatomic form. Thus phosphomB aci< 


The acid character of this body is so slightly marked as to render it capable of 
forming compoimda in -which it appears to play tho part of a base. Thus -with hydro- 
fluoric, hydrochloric and hydrobromio acids, it forms the foUoWmg compounds : 

Ab'|[hO)^, As’’|(HO)^ and Aa’|(HO)« 

Sulphoeaoodylic acid has not yet been isolated, but its salts present the same rela- 
tions to those of cacodylio acid, as salts of sulphur-acids generaUy bear to those of osy- 
aoids. Their formula is, As''(OH'*)=S"(MS). 

The Sith-iype As^|^s 1 hitherto been very little explored, but so far as it is 
known, its members bear so close a resemblance to their analogues in tho antimony- 
senes, as to requh'e no further notice 

Tnr,i.niinjii SnurES.* — Tho close relations of toUiirium tosulphnr and selemum place 
tho bodies of tins senes in tbo same position Tvitb reg.ird to the sulpbides and aelemdes 
of tbo alcohol-radicles as tbo antinioiiy and arsenic series stand in relation to the cor- 
responding compounds of phosphorus and nitrogen. 

The following are some of the chief bodies belonging to this series: 


TefCH')'-* 

To(CH«)=0" 

Tollurons diotbiodide .... To(C^H‘yP 
Tellurous dietbosulphate . . . Te(O^H‘)*(SO')". 

Tho compounds of the alcobol-radieles with tellurium are -rolatilo liquids of most 
unbearable odour. They oxidise readily in contact -with air, forming the respective 
oxides Telliiniim-amyl has not yet been obtamed in a state of purity 
The oxides of these bodies are powerful bases, expelling ammonia from its salts, and 
attracting carbonic acid from tbo air. They form salts of considerable stability, wbich, 
as well ns the oxides themselves, yield the original organo-tellurium compounds when 
treated with sulphurous acid : 

= Te''(C'H“)* + 

TcUhtous Suliihuious Tellurium Sulphutiii 


Cmsfitution of Organo-metallic Bodies. 

Organo-metallio bodies may be regarded as constructed upon tho types of the in- 
organic chlorides, sulphides, oxides, &c., of tbo respeetivo metals which they contain, 
tbo chlorine, oxj'gen, sulphur, &e , being replaced m equivulent proportion and fre- 
quently step by step by the alcohol-radicles. 

A leferenco to the formal® of orgnno-potassium, sodium, and lithmm compounds 
when disentangled from that of the zinc-compound with which they have hitherto 
remained inaeparately associated, shows that they are formed upon the monatomic 
type of the protochlorides, &o., of these metals, MCI 

The zinc, cadmium, and mercury compounds arc all formed npon the diatomio type, 
represented by the chloride of zme, Zn"Cl’ 

In like manner organo-alumimum compounds are formed upon the typo of tho tri- 
chloride of that metal, Al"'Cl’. 

Organo-tm compounds are represented by the throe chlorides of tin : Sn"Cl®, Sn“'Cl', 
Sui'Cl'. 

• Wthler.Anu Ch. Pliarm. xxzr. llS.lzxxlir 09. Mallot, tbid. Ixxix a23( WOhUr and 
Dean, ibtd. xclli. 233 
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Tho compounds of the hismnUi-series me represanted by the trichloride of bismuth 
and by bismuthio acid . Bi"'CP and Bi’ | 

Organo-load compounds me arranged under the typo of peroxide of lead : Pb'’ | 

Tho arscnio and antimony senes have for their types the following inorganio 
compounds : 

/s=||”, As'"Cl» 

The inorganio models for tho tellurium senes arc chloride of tellurium and tellurous 
acid' To"CP and Te‘’0* 

OccasiopnUy nn abnormal compound has mads its appearance, such as othostibdio 
acid, Sb“(G*ri’)=0* or iodide of triethylstibmc, 83(0^®)*! , but further resesreh has 
inTiuiably demonstrated the incorrectness of such formulm and the conformity of the 
bodies with tho normal inorganic types. Indeed this law may now be regarded os 
completely established so as to be appheablo to the control of the formulse of new 
organo-motallie bodies 

From the point of yiew thus afforded, it is interesting to watch the effect of the 
substitution in metallic compounds, of basylons or positive for chlorous or negative 
radicles. Such a substitution affords strihmg evidence of the dependence of the 
chemical ohAiaoter of a compound upon that of each individual ooustituent Tho 
higlily polyntomio metals, such as arsenic and antimony, exhibit this dependence in the 
most conclusive manner. Thus tribasic arsenic acid, by the substitution of methyl for 
half au atom of oxygen, yields tho dibasic monomctliyl-arsenio acid, a weU-deflnod acid 
of considerable energy, though inferior in chlorous power to arsemo acid. The lilce sub- 
stitution of a whole equivalent of oxygen by mrtliyl reduces the chlorous obanioter of 
the body to tho comparatively feoblo condition in which we find it m caoodylic acid, 
■which IS incapable of forming an ammonia-salt. A similar substitution for the third 
time, overpowers the acid attribute of the compound altogether, and we now have a 
feeble biaoid base, the arsenic oxytnmetbide, wmoh again, by the exchange of oxygon 
for a fourth atom of methyl, is trausformed into the oxide of tetramethjdaisomum, a 
base of such energy as to be comparable -with the caustic uUtalis themselves. 

The behaviour of the orgiino-metnlho bodies teaches a doctrine which affects 
ehenuoal compounds in general, and which may be colled the doctrme of atomic satu- 
ration. Each element IS capable of corabimng-with a aertam limited number of atoms, 
and tins number can never be exceeded, although the energy of its affinities may have 
been increased by combination up to this pomt. Thus zinc appears to attain its atomic 
saturation by uniting with two atoms of another body ; in other words it is iatomio , 
consequently the zinc compounds of the slcobol-radioles, notwithstanding their intense 
affinities, are bicapable of direct union with other bodies The action of oblorous 
elements upon them is one of substitution, not of combination, Folyatomio mebils ex- 
hibit the same phenomenon. An atom of tui cannot combino ■with more than four 
atoms, an atom of arsanio or antimony -with more than five atoms of other bodies , but 
in the combination of polyatomic metals, we frequently notice between the lowest and 
the highest compound ono or more intermediate points of exalted stability ; thus anti- 
mony has a friatomio st.ige of comparative stability ; nitrogou, phosphorus, and arseiuo, 
wlulst exhibiting a similar triatomic stage, have also a diutomio one, though of greatly 
inferior stability ; whilst the existence of nitrous oxide and of the organic compounds 
recently discovered by Gricss renders it more than probable that nitrogen has a third 
and monatomic stage 

In bodies possessing at least ono stage of stabihty below saturation, and in which all 
the atoms united 'witli the polyatomic element are of the same kind, the stage of max- 
imum stability is very rarely that of saturation Thus, in nitrogen, arsenic, and 
bismuth compounds of the kind just mentioned, the stage of maximum stability is 
decidedly the tnatomio one ; m antimonial compounds of a similar nature the triato- 
mic IS also, though less decidedly, the stage of maximum stability, whilst in phospho- 
rous compounds the points of maximum stabihty and of saturation generally coincide. 
When, however, the atoms u- -t-'-'’- - ■ > tl^e 

then tho stage of maximum . ■ ■ nation. Thus 

the oxide or dichlorido of trieiuynirsiue or triotnyistimne are more stabJe tlian tnethyl- 
arsmi^ or tnethylstibine themselves ; hut this pentatomic stabilit}'- reaches its ohmax in 
arsonium, stibonium, and pbosphoninm compounds, as it dues also in the corres- 
ponding compoimds of nitrogen, although tho latter element exhibits a much stronger 
tcMideney towards universal triatomie stability than its ciiomical associates. 

In polyatomic oigano-metallic bodies, it is remarkable that, with few exceptions, 
tho positive hydrocarbons hold their position much more tenuciouily than the asso- 
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dated Begiitire couetituenta ; and we tlnia frequently tod tiie former ancompanying 
the metal through a vast number of compounds. Hence the group formed tho 
metal and positive hydrocarbons has come to be regarded as a compoundradiele. Thus 
eiieodyl is conceived to be the radicle of the whole senes of cacodyl compounde. ’ But 
however groat may bo the convenience of this mode of viewing organo-metuUie com- 
pounds, and the same mode has notoriously been extended to nearly all organic bodies. 
It must not be forgotten that it is a purely artificial distincUon. which has no re^ ex- 
istence, either in the case of organo-metitUie bodies, or in that of ooganio bodies in 

^ A close examination of the habits of the so-ealled oi^ano-metaHio radicles shows 
clearly, that their atomic power depends upon their position with regard to the stages 
of stability and maximum saturation , thus they ore monatomic when the number of 
positive groups is one less than that required to reach either the maximum saturation 
of the metal, or a lower stage of stability Cacodyl and tetramethylarsomum (thesmgle 
atom), for instance, are monatomic radicles, because they ora respectively one atom 
sWt of the stage of stability, and of maximum saturation: 


Monatom] 



0H» 

CH» 




stage of stability. 

fCH» 

A3''X0H» 

(Cl 

Chloride of cacodyl. 


Monatomic stage. 


As’ 


Tetramethyl. 

aisonlum. 


It is obvious that a compound radicle, the number of whose positave otoms is below 
that of a stage of stabihty, can have a double ntomio character Thus cacodyl is 
sometimes monatomio, us in oxide of oaoodyl; and sometimes triatomie, as in oaoodylic 
acid. Again arsenio-monomethyl (AsCH") is diatomic m arsemous oxymethido, 


and tetratomio in mouomethylarsonio acid : As' ■ 


[Off 

l(OH)» 


E. F. 


ORaAnrinw. See Mauioium 

OROPlosr. Syn. with Eook-soav 

ORPiniBNT. Native tosulpliide of urseuio (i. 387). 

ORSBXBiiE. Syn. with Aeohk,. 

OBSEIiIiESIC ACID. Syn. wifli OssEixiMic Acid. 

ORSEIiItlC ACID. Stenhonso designated the acid obtained &om South Amencan 
Hoocdla, by maceration with milk of lime, &c , as o-orsellio, and that prepared in 
like manner from South African Bocoella as iS-orseBio aad The former is very much 
like lecauoiio acid (iu 66fi), and perhaps identical with it. The latter is con- 
tained, togetlier with roccellinin (} w ) m the precipitate ttaown down by bydro- 
chlonc acid from the hme-extract of the Cape lichen , on exhausting, this precipitate 
repeatedly with water, the roccellinin remains nndissolvod, while the fi-orselho acid 
crystallises from the filtrate It appe-irs to be somewhat less soluble in boiling water 
than a-orseUic acid, and gives a black precipitate with acetate of lead. It has however 
the same composition as a-orseUie and lecanone acid, forms salts exactly resembling 
the latter, and behaves in the same manner with alcohol, alkalis, hypochlorites, &e. 
The two acids are therefore often regarded as idenUeal. (See Gm. xii. 377 ; xvi. 294; 
Gorh ill. 797 ) 

OBSEZiDIHIO ACID. Cm?0\ Ondlie acid QrsdleUeadd (Stenhouse, 
Phil. Trans 1848, p 66 , Phil. Mag [3]xxidi 300, Proe. Eoy, Soe. xu 203). — ^This 
acid is produced • 1. By boiling lecanone, o-orsellic, or ;8-oraeIlic acid with water, 
alcohol, or alkalis' 


+ H^O = 2C«ffOh 


2. From erythric acid (erjithrin), simnltanconslywith picro-erythrin, when the barium- 
or calcium-salt of that acid is boiled with water 

C»ff»0“ + ffO =. C>=H'»0' + 20 »ff 

Erythric acid. Picrocrytlirin. Orsellluic acid. 
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3, From evernic acid, Bimultanoonsly Trith eveminio acid, by boiling with barj'ta- 
C”H'"Ol + ffO = C"H'"0< + C'H"0*. 

' Emmie acid. Ercrnmlc acid Ormllinic acid. 

To proparo the acid, Iceaiioric acid ausponded m water is enrcfally neutralised with 
lime or baryta, aud the liquid 13 boiled, earu being however taken not to continuo the 
bnilnig too long, as otheruise tho orselhnic acid will be resohed into caTboinc auliy- 
di-idfl and orciu. Tho calcic nr Inirytic orselhniito, being much more Boluble than 
tho lecanoratn, dissolves 111 tho hqiiid and on adding hydrochloric acid to tho solution, 
orsoUime acid la deposited ns a gelatinous precipitate, which may be punded hy 
oryst.illwatioii &oui water or alcohol. 

Orselhnic acid forms colourless, prismatic crystals much more soluble in waisr and 
alcnhol tlniii lcc.moric acid , it is also soluble m etlier The aqueous solution has a 
slightly rough and hitter taste and reddens litmus. When boiled for some time, it 
gives off carbonic anhydride and leaves orein C’HW = C’iEPO® + C0“. Chloride of 
lime imparts to it a very fugitive red-hrown or violet tint With bromine it forms tri- 
hromorom. (Hesse) 

Tho orselbnatea of tho altali-metals and alialino oaith-metals are soluble in 
water, in presence of excess of biise they are easily resolved into orem and a oar- 
hanato — Tho banum-salt, C‘“H' W'O", is very soluble in water and in alcohol, and is 
deposited therefrom in four-aided prisms. It is obtained by adding caustic baryta to 
an alcoholic solution of orsnllinic acid, koopiiig tho acid in excess to avoid decompo- 
sition, Tho liquid is then ooneenu-ated to a syiup, the acid is saturated, and tho liquid 
loft to crystallise. 

OKSSlil^in'lC BTHEKS. Those compounds are produced by boihng locnnorio 
or erythrie acid ynth the coitcspoiidiiig alcohols 

1. Metkijlio 0) seUinate, C'H'"0* = C*H’(0H“)0‘, crystallises from boiling 
water in silky needles, volatile without decomposition, more soluble than tho ethylio 
ether, which it resembles in its chemical chamoters (Stonhouse ) 

2. Ethylio Orsellinate, = C*H’(C’II*)0'‘ — This compound, called also 

Orsellie, Lecanoi ic, and Eryihric ether, was discovered inl830byHeeron (Sohw. J lix. 
341) who oiiUod it pscudn-i > ythnn ; and has been fiirthcr examined by L 1 e b 1 g (Pogg. 
Ann XXI 32), Zanc (Phil Trans. 1840, pp 287, 279), Schunok (Ann Ch Pharm. 
xln 160, 1x1, 72), Eochleder and Holdt, iW. xlvni. 6), Stenhouse (?oc cii.), 
Btreoker (Ann Cb. Pharm. Ixvni 111), and Hesse (jJii? oxvu. 297) It is obtained 
hy prolonged boiling of an alcoholic solution of leoimorio, o-oraeUio, /3-orseUio, or 
er^lme acid, or by repeatedly exhausting Eocoella tincioria, or other colour-yielding 
lichens with hoihng alcohol, evaporating the united hqnids to dryness, and boiling the 
rc.sidue with water It separates from the aqueous or alcoholio solution m orystallme 
scales or needles, tho motlicr-liquor retainmg a large quantity of orein it may be 
purified by reerystallis.ition from boding water, Another mode of piepiU-ing it is to 
pass hydrochloric acid gas in excess into a warm saturated alcoholic solution of 
lecanonc acid, evaporate over the water-bath to expel tho greater part of the hydro- 
chloric ,ieid, and treat the residue with water Orsellinic e(3ior is then precipitated as 
a hlaekisli-greon resinous mass which may be purified us above 

Ethylie or.scllin.ito forms snow-white, very thin larauiie or noodles, nearly insohihlo in 
cold water, very soluble in alcohol and ether, ns woU as m alkaline solutions, whence it is 
precipitated by acids in its original state The aqueous solution is neutral to test-paper. 
It quickly turns brown, especially when dissolved in a fixed alkali The ammoniacal 
solution assumes a wino-red colour when exposed to the air. It melts without loss of 
water, at a temperature above 120° (Heereu) ; at 104'6° (Kane); and solidifies to 
a crystalline mass at 127 0° (Hesse); when heated m water, it molts at 100° It 
may he sublimed without decomposition. 

Ethyhc orscUinate dissolves in caustic alhalis, also, according to Hepse, in hot 
aqueous carbonate nf sodium, and is reprecipitated by acids in the crystalliiie state. 
When boiled inth alkalis, it gives off alcohol and yields orein ; with caustic baryta, a 
precipitate of hurytic carbonate is formed 

Tile ether dissolves easily in strong silphurtc acid, and is reprecipitated by water in 
its original state : the solution turns brown when boiled Nitrio acid converts it into 
oxalic acid (Schunok), and if the oxidation he carefully conducted, a crystalline body 
is likewise fomiod, which melts at 60°, and appears to consist of (Hesse). 

W ith bromine and olilorme, orsellinic etlier form substitution-products (Hesse) 

Ethylio orsellinate does not precipitate the aqueous solutions of niereuno chloride, 
cupric sulphate ov neutral ajcetaU of lead, hut forms with tlio haste acetate a copious 
precipitate containing, according to Kaua, 80*6 per cent, lead-oxide, annroximatelv 
with the formula C'“H'®OVlPh"0. 
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Ethgho Dtohlororselhnate, olotained ty the action of diloiino on an 

etlicrc.il solution of ethylie orsoUmate, crystallises in thin prisms, melts at 162°, and 
solidifies at lofi 5°. (Hosse.) 

Etht/ho Dibromnrsdhnate, C*H“Br*(C"H*)0^ prepared in like manner, melts at 144°, 
solidifies nt 138°, and forms with neub-al acetate oflead, rnrhite precipitate containing 
0*“ll*Br*Pb"0h (Hesse, Stenhonse) 


3, Amylio Orsclhnaie On boiling dried erythrie acid mth amylie alcohol for 
several hours, and removnig the excess of 'alcohol by distillation, the residue yielded on 
standing, a mass of lusteons flaky crystals contaminated with resinous matter trom 
which it could not be scparateil. (Stenhonse ) , 


OBXHItrii. Allaniie, Cerin . — A silicate of ulnmimnm, iron, eorinm, yttrium, &c , 
oocnrriiig in granite, gneiss, syenite and granular limestone, in Sweden, Norway, 
Greenland, the Ural, some parts of Germany, and several localities in the United States. 
Tlio varieties containing yttrium were formerly called orthite, the rest allanite, 
and those among the latter which wore very rich m iron, were further distinguished as 
0 e r 1 n, but as these difl'eronces of composition arise merely from the mutual replacement 
of isomorphous eonstituonta, and have no effect on the crystiilUne term, they are now 
regiu'ded .is unessential, and the name orthite is extended to the whole gi'onp. 

The crystals of orthite are luonocbme prisma, homoeomorphonswith epidote. Batio 
of axes, a , i ; 0 = 0 56137 . 1 • 0 8802, Angle of inclined axes = 65° 6'. The 
crystals are either long and slender, or flat tabular. Twms occur bka tho.sn of epidote. 
Cleavage parallel to oP in traces It occurs also massive and in grams. Hardness = 
6’5— 0. apeoiflo groTily = 8 3 — 42. Lustre snbmetallic and pitchy or resinous, 
oocaaionally vitreous. Colour pitch-brown, brownish-black or yellowish Subtrans- 
liicont to opaque. Piuoture uneven or 8ubeonchoid.il. Brittle Before the blowpipe 
most orthitos swell up and fuse, with ebuBitioii, to dark-coloured tumefied glasses. 
With fluxes they give the reactions of iron, mangiinese and silica Most of them are 
decomposed by acids, forming a Jelly ; some, however, resist the action of acids alto- 
gether ; , 

Anali/sos a from Bygdin-Vand on Jotun^eld, Norway. Black :'sp0ciflo 

gravity =■ 3 63— 8-u4, pyroguonne (that is, exhibits ineandescenco when heated), 
decomposed by acids (Sehoerer, De fomlmm Allanite, Orthite, Genn, Gadaliititgue, 
dmertatin. BeroL 1849) — b. Affanifc from Suurum in Norway. Brownish-black: 
spcoiflo gravity = 3 79 undeoomposible by acids (Scheerer).— c Penn from 
Eiddarhyttan, Sweden Spiecifle gravity 3 77 — 3 80 Undecomposible (Scheerer) — 
d. Uranurihite from Miask in the Ural. Black: specific gi’avity = 3 647. Decom- 
posible (Eammelsborg, MincialcRcmio, p. 747) — e. So-eiAled. MuoUandite. 'Speeifio 
gravity = S'4S— 3 60 (Hermann, J.pr. Chem. xiiii. 273 ; xlui. 36, 99).— / From the 
Thuriugetwaldj partly crystalhsod in the form of epidote. Black. Specific mavity = 
3 79 Undecomposible (Crodnor, Pogg. Ann. Ixxix. 141) — g. Prom wemheim, 
Bndon, in syenite. Spccifle giaiuty = 8 44 — 3 47. Undecomposible (St iff t, Sam- 
mchherg's Mineralchemie, -p 746)— 7i. Berks Co. Pennsylvania. Speeiflo gravity = 
3'782. Deoomposible (Genth, J pt Chem Ixiv. 471) 


Alumina 
Ferric oxide 
Ferrous oxldr 
Manganous oxide 
Cernus oxide 


and Xlidvniium 
Yttrla . . . 



93’61 09’87 88 90 CoO 0-13 lOWOO 33 27 Na^OWM 0'08 


These analytical results may be represented by the general formula 3M'SiO'.(Ar', 
Pe'"ySPO>® (M” denoting diatomic iron, cerium, yttrium, caleium, &c ), both terms of 
which are ortliosilicates 

Xanthorthite is a yellowish variety of orthite, of specific gravity 2-78 — 2 79, and 
containing much water. 

Egrorthite is on impure variety from the neighbourhood of Fahlun in Sweden, con- 
taining bitumen. Bei'zohus found in it 10‘48 aiUen, 3 59 alumina, 6 08 ferrona oxide, 
1 39 manganous oxide, 13’92 ccrous oxide, 4 87 yttria, 1’81 lime, 26-50 water, 
and 31-tl carbon (by loss) It is probably the residue of decomposition of an orthite 

Bngratiomte from Achmatowsk, having the form of Biicldandite (epidote, li 490;, 
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hardness 0-5, and spedfle gravity 3‘46, and eontiining 38 88 per oont silica, 2fl’19 
alumina, 9'82 ferric oxide, 3 82 feiroua oxide, 3 60 protoxide of cerium, lanthanum, 
-..j j'.i ]i gg magnesia, and 1-60 water (=■ 97’26), is coraposwl, 

I . , • (Jahresli. 1802, p. 730), of fi molecules of bucldandite 

of uralorthito, crystallised together. 

A mineral called Bucklandite* from Laach in the Eitel, has been shown by v. Hath 
(Jiihroab 1863, p 8M) to havo the form and composition of orthito; it contains 31 83 
per cent, silica, 13-66 alumina, 17 95 ferrons oxide, 0-40 monganons oxide, 20 89 ceroua 
oxide, 11 18 lime, and 2 70 magnesia (= 98 89). 

A black-brown mineral resembhng orthito, of specilio gravity 3-44, and hardne.ss 
hotween hiioi-spar and apatite, contains, according to Micli.ielsoii (Jahresh 1863, 
p. 815), 29-21 per cent, aihca, 2-81 alumina, 6-42 feme oxide, 6 44 ziroonia, 4 27 
glucina, 8 79 eerons oxide, 15-60 oxides of lanthanum and didymium, 1-83 yttaa, 
14-93 hma, 0-45 magnesia, 2-45 soda, and 6 60 water. 

ORT£CO-.OARBOirA.TB OP EPH-STI.. (G»H'‘)‘00'. (H. Bassett, Chom. Soc. 

J. ivu. 198.) — This ether is produced by the action of sodie othylata on chloropici-in , 

CNO»Gl» -e 4G»H‘NaO = SNaCl -t NaKO^ + (C=H=)‘COh 
To prepare it 40 grma, of chloropicrm are heated with 300 grms. of absolute alcohol 
to tile boiling point of the latter, 24 grma of sodium are added by small portions; and 
as soon as the reaction is finished, the alcohol is distUled off and water added to the 
residue. Ethylic orthocarhonata then rises to the surfoca as an oil wliich must bo washed 
with water, dried by chloride of calcium, and purified by fractional distillation. 

Ethylic ortho-cai-honate has a peculiar aromatic odour, specific gravity == 0-926, 
aud boils at 168° — 160°. Vapour-density obs. = 6-80 , calc. ■= 0-06. It is decom- 
posed by alcoholic potash at the bofling heat, yielding a considerable quantity of 
potassio carbonate. "When digested for some hours -with boric anhydi-ido, it yields 
acid ethyhe borato (i. 660) and diothybe carbonate : 

(C=H'‘)*CO‘ -4 2B'0’ = (C®)«B<0’ (C*ff)»C0h 

OKTaocXiASB. See EsnsFAB (ii. 619). 

OBTao-SAIiTS. The prefixes ortho and rMta have been introduced by 0 dlin g 
to denote two elaasos of salts of tlie same acid, winch differ from one another by one 
or more molecules of metallic oxide, M’O, M''0, dse , the move basic salts bemg called 
ortho- and the less basic, meta-salte, as in the following examples ; — 


Orthoborate of Sodium 
Motaborato . 


Bewafes. 

Na'BO* 1 Orthoborate of Lead . 
NaBO’ Metaborato 


Difference 


Oarbonaiet. 

Orthoonrbonate of Ethyl , fO*H‘)*COt I Orthocarhonato of Calcium . (j'a'CO* 
Metaoarbonate . . . (C^H*)»0O« | Metaearbonate . . . Ca"00® 

Difference . (C*H‘)«0'i Difference . ~0?O 


Orthonitrate of Mercurosum . 
Motamtrato 

Difference 


Orthonitrate of Copper 
Metanitrate . . 

Hg^O« 

HgfHO Difference 


Orthonitrate of Bismuth . . BriTO^ 

Metanitratc 

Difference 


Cu»N“0* 
. Ou"N'0» 

~~2Cu“0 

bT»n=o>» 

Bi"H°0° 

Bi^O’ 


Phosphates 


Orthophosphate of Sodium 
Metaphosphote . 

Difference 


NaTO' Orthophosphate of Barium 
NaPO* Metaphospnate 
NaK) Difference 


BaTsos 

Ba"P20= 

“2Ba"d 


Thlj hame havtos been applied both to oithtte and 1 


■lety of epidole is best given up alto 
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OBTHOSE. Syn. with ObtiioctAse 

OSMAIT-OSKIC ACID. Syn. with OsMiAino Aom. 

OSIOAZOBIE (from iffji'h odour, and broth). A name applied byThiSnard 
to th.it portion of the aqueous extract of meat which is soluble in dlcohol and contains 
tlioso constituents of the flesh which determine its taste and smell. 

OSmzmxTE. Syn with PEOTOtim 

OSMIAIHIO ACID. H^0s*N®0*. — ^Tliis acid, discorerod by Pritzsche and 
Struve (.T pr. Cham xli. 97), is produced by the action of ammonia on osmictetroxidD 
in presence of fixed bases. The potassium-salt, K^Os-N'O', is obtained by adding 
ammonia to a hot solution of the tetroxide lu excess of potash; the deep orange 
colom' of the liquid then changes to light yellow, and the potassium-salt separates as 
a yellow erystelliue powder, which may he purified by reciystalliBatiou from the 
least possible quantity of boiling water. The reaction is: 

fiOsO* + 8NH’ + 6KHO = 3K''0 b»N*0» + 

The potassium-salt may be converted into the silver-salt by precipitation, and fiiom 
this the aqueous acid may be prepMed by decomposition with nydrochloric acid. It 
may he kept for some days when dilute, but soon decomposes in the concentrated state. 
It is a strong acid, decomposing not only the oarhonatos hut even the chlorides of pot.is- 
bium and sodium. 

Osmiamio acid IS dibasic, its salts having the composition M'0s®N-0“ = M’O Os’N“0<. 
Fritzaohe and Struve regard the anhydride Os'H'O* (not isolated) as a compound of 
OsN® with OsO*| and call it osman-osmioaeid. G-erhardt (Compt. ohim 1847, 
p. 304), who suggested the name osmiamic acid, supposes the salts to contain,! at 
oxygen more than m the formula above given, regarAug therefore the hypothetical 
aiihydi'ide as Os'JU'O*, and representing its fonnation (in the salts) by the equation 
aOsO'* + 2NH* = Oa’N*0' + 3H’0; hut Fritzsche and Struve’s formula agrees 
best mth the composition and reactions of the salts. 

The osmiainates of the alkali- and alkaline e.iith-metals are soluble in water , 
the load, mercury, and silver salts ore insoluble. The amnunium-salt, (NH‘)*Os WO“, 
forms lai’ge yellow crystals isomorphous with tlioso of the potassium-salt, easily soluble 
iu water and alf -.’'"5°. The 4anitj«-sn/t, Ba"0s-N®0®, crystal- 
lises in yellow, soluble in water .ind detonatina at about 

160° The Im ■ ' ■■ obtained by nnang an alcoholic' solntion 

of the potassium or ammonium salt with nitrate of lead, is a yellow, orystalUno precipi- 
tate which becomes dark-coloured dunng washing. The wieioam salt, obtouiod by 
deeomposmg the silver-salt with mercuric chloride, forms prismatic easily deeomposible 
crystals. The meraurow-Balt is a bght yellow amorphous precipitate which volatilises 
quickly when heated. 

Ths potassiun-aalt, K®0s*N*O’, eiystallises in yellow dimefcrio octahedrons with ter- 
minal angles of 106° 16' and lateral angles of 116° 6'. It is much loss soluble in 
alcohol than in water, insoluhle in ether ; may be heated to 180° without alteration, 
but detonates at higher temperatures. Heated with hydrochloric acid and chloride of 
potassium, it gives off ohlorine and is converted into potassio-osnuoao-osimo chloride 
(olilorosnute of potassium) (Claus): 

K“0s''N'0« + 4K01 + 18HC1 - 2(3KaOsCl») + 2HH»a + 6H?0 + Cl». 

The silver-salt, A^OsWO'’, obtained by precipitation, or by dissolving osmic tetroxide 
in an ammoumoal solution of the silver-salt and supersaturatmg with nitric acid, is a 
lemon-yellow aystalhne powder, very slightly soluble in water and in cold nitric acid, 
easily soluble in ammonia. It blackens when exposed to light, detonates violently at 
80°, also by pereussion, or when sulphydric acid gas is passed over it 

The soa!n!(n-s«i{ is very soluble and crystaUises from a syrupy solution in rather 
large prismatic hydrated crystals 

The zine-salt is very soluble. 

An ammoniacal sine-salt, dNH’ Zn"Os®N®0*, separates on mixing an aminouiaeal 
solution of osmic tetroxide with a zme-salt, as a light yellow mystalliue powder, 
permanent in the air, easily deeomposible by water, nearly insoluble in ammonia. 
Cadmium forms a similar salt. 

OSMIAiaiDE. The name given by Hr Amy to the compound Ii*H*(OaO’)'', which 
ho supposes to existin coinbmotion with sal-ammoniac in the yellow substance produced 
by digesting osmite of potassium m a cold solution of sal-ammoniao (pp. 244, 246). 

SImmUS ACID.i (PP- 2i6). 
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OSMCmiBXTrM or /?-idos?to«c,~Th(i native alloyofindium and osmium, oeeurriag 
together -with platinmn, fee. m various localities. Its composition and properties Imva 
been already giii-n under InmosanNE (ui. 325), and sevcml methods of decomposing it 
under Ibldium (in. 3H). The foUoiving are additional methods '—o. 90 grms of the 
ore arc inixcd with 180 gram saltpetre and 90 grms. caustic pot.isli, and the niistiiro is 
exposed in boiiamto portions to a strong red he.it for an hour or iin hoiir and a half in 
a large silver crucible, placed within a hessian crucible containing 'magnesia, each 
melted portion being poured out into an iron dish and tho still undecompoaed residue 
heated twice or tlu'ice more with the same quantity of flux, before a fresh jiortion of 
the ongiiial mixture is introduced into the crucible. The cooled and pulverised mass 
is then introduced into a vessel which can ho closed, and briskly agitated for four 
hours m a dark place with 14 litres of diatiUnd water, and the clear dee^i orange- 
coloured solution (A) is decanted from tho black sediment (B) which latter is washed 
with water m a funnel plugged with asbestos The solution A smeUs slightly of osmie 
tetroxide, and contains free potash, nitrite, osmitc, ruthemate and nitrate of potassium, 
together with a small quantity of osmic tetroxide , no other platmum-metaL The 
residue B ia a velvot-blaok, somewhat crystalliue powder, consisting principally of 
indie oxide and acid iridiate of potassiiun, ivith portions of ruthenio sesquioxide, osmie 
dioxide, ferric oxide, and traces of ouprio and palladic oxides, all soluble in acids, also 
of a residue insoluble in acids consisting of oxides of indium, platinum, and rhodium, 
with a certain quantity of nndecompo.sed ore 

To extract the ruthenium, B is fused a second time with the fluxes above men- 
tioned, tho solution obtamod by treating the fused mass with water is added to A; 
and tho still iindissolved residuo to B The solution is next neutralised with very 
dilute nitric acid, whereby a black precipitate b is thrown down , the clariflod solution 
a is decanted, and tho precipitate consistmg chiefly of ^ osmio hydrate, 0B0*.21i’0, 
containing from Ifi to 20 per cent ruthenie sesquioxide, ia washed. To separate the 
metals, this precipitate is introduced into a large retort fitted with a luted and well- 
cooled receiver, together with 2 lb.s. hydrochloric and 3 lbs nitno acid, and slowly and 
carefully distilled till tho greater port of the acid has passed over, and the residue in 
the retort has become viscid. This residue consists chiefly of ruthenio tetrachloride, 
RiiCh, with a small quantity of tricliloride (For the method of obtaining the metal 
from it, see Ruthenium ) 

The faintly yellowish solution a still contains oxides of ruthenium together with a 
large quantity of osmic tetroxide. It is distilled with 2 lbs of hydroemoric acid till 
all tlie osmic tetroxide has passed over, and the residue in tho retort has become rose- 
coloured (from formation of red nitlicnic clilonde) , the red liquid is conoentcated ; the 
greater part of the potassio nitrate erystalhsed out , the concentrated solution then 
evaporated to dryness ; the residue dissolved , and the ruthenium precipitated from the 
solution by sulphide’ of ammonium, witli addition of a httlo free acid. The osmic 
tetroxide obtained at the s.ime tune may be separated by fractional distUlafaon ; or the 
solution containing it, may bo treated according to Prdmy’s method (Ann. Ch. 
Rhys. [3] xii. 621), by mixing it with caustic potash and a little alcohol, and adding 
puIveriHed sal-ammomac Tho greater part of the osmium is then tlu’own down in the 
form of a compound of osmiamio acid with atd-ommoniae 

The powder B, which contains eonsidorable qnantitios of ruthenium and osmium, is 
distilled with excess of nitromurlatie acid till the whole of the osnuo tetroxide has passed 
over , and the residual liquid is strongly concentrated and left to cool, whereupon it 
deposits tho greater part of the indium us black chloruudiate of potassium, K“&01*. 
The mother-liquor, after filtration, is mixed with a little sal-ammoniac to throw down 
the rest of the iridium ; filtered after standing from the crystalline precipitate of ehlor- 
indiate of ammonium ; and the hquid is then mixed with a large quantity of powdered 
sal-ammoniac. The residtiug brown ciyatalline mass, after washing with sal-ammomac 
and weak spirit yields ruthenium in tho form of tho double salt, (NH^)“Ru"'CR. 
(Claus, N. Petersb. Acad. Ridl. v 463, Jahresb 1861, p, 322 ) 

0. Tho following method of treating Californian osmiridium, which contains a con- 
siderable proportion of ruthenium, is given by Gibbs (SilL Am J. [2] xxxi. 63). The 
ore is first freed from siliea ond other impiintiea by fusion with 3 pts. dry carbonate of 
sodium, and subsequent lixivintiou , 1 pt of it is then fUsed with 1 pt. caustic potash and 
2 pts. saltpetre; and the cooled'mass broken into lumps is boiled with water eontainins 
of its bulk of strong alcohol, till completely disintegrated Tho hquid together with 
the lighter particles of oxide is then decanted, and the residue is again treated with 
water and decanted after standing for some time. There is thus obtamed a solution of 
potassio osmite, a largo quantity of black oxides (probably a mixture of RuO-, Eu’^O^, 
or their hydrates) and a coarse heavy powder chiefly consisting of undocomposed or6 
The latter is again fused with hydrate and nitrate of potassium, and tho melted mass 
treated as above. The solution containing the potassio osmite and the sails of the 
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alkali-metals is doeanted from the deposited black oxides still containing osminm , and 
these oxides, after Tvashing ■with hot water and alcohol, are introduced into a capacious 
retort prorided with a safety-tube and connected with a tight-fltting cooled receiver, 
which again is connected by wide tubes with two or threo Woulfe’s bottles oontaiumg 
a strong solnlion of potash aud a little alcohol, A largo excess of strong hydrochloric 
acid 13 then cautiously poured through the safety-tube into the ratort, and after tho 
first violent action, which causes a part of the o,smio tetroxide to distil over sponta- 
neously, IS over, the distillation is oontmued at tho heat of a sand-bath tUl no more 
osmic tetroxide collects in tho neck of tlie retort, and that which is pre-viously condensed 
flows out in oiljr drops. At tho end of tho distillation tho rotort is. left to cool, 
tho receiver is disconnected from it and closed by a cork, and the osmic tetrosade is 
driven over by a moderate beat into the 'Woulfe’s bottles, and the contents of these 
vessels are mixed -with the solution obtained by lixiviating the original fused mass. 
The liquid evaporated over the water-bath yields on cooling crystals of potassic osmite. 
The mothor-hquor oontains only traces of osmium and is wortldess 

Tho dark brown solution poured out fi-ora the rotort is evaporated to dryness, tho 
residue is redissolvod in hot water , the solution is evaporated again after addition of a 
little hydroohloino ncid ; this process is repeated till the odour of osirnc tetroxide is no 
longer perceptible , aud a cold satuiMted solution of ohlorido of potassium is then added, 
winch dissolves tlie chlorides of iron and palladium, while platinum, iridium, rhoduiiii, 
and rutlieuium remain as double salts insoluble in a strong solution of chlorido of 
potassium. The latter are well washed with a satonted solution of potassic chloride, 
which removes almost all tho non and palhidiiim, and leaves the double chlorides 
together witli the insolubl'e impurities of the ore. 

OSKIXTOPSIS, Oil. OP, Osmitopsjs ttstcriscoidcs, an aromatic plant of tho 
composite order gro-wing near Cape To-wn, yields an essential oil possessing tome and 
antispasmodie properties It is greenish-yellow, has n burning taste, and a pungent, 
not very agreeable odour recalling that of camphor and oil of ciflcput. Specific gravity 
= 0'931. It reduces auammoniaeai solution of sUver-nitrato on long boiling. 'When 
distilled, it begins to boil at 130°, and enters into regular ebullition between 176° aud 
178°, tivo-thirds of tho oil passing over between this point and 188°; the thermometer 
then continues to rise tiU it reaenos 208°, and a small quantity of camphor sublimes 
on the sides of tho vessel. The portion collected between 178° and 182° contains 77‘8 
per cent, carbon and 1179 hydrogen, agreomg nearly -with the formula C>“II‘0, 
according to which oil of osmitopsis is isomeric with bornool (i 626) and ml of cajeimt 
(1 712). 

OSMIVIM. Symlol Os. Atimao weight 199 — ^A metal belonging to the platinum 
group, discovered by Tennant fPliA Trans. 1804, p. 411), and further examined by 
Berzelius (Pogg Ann xiii 403, xv 208 and 527), Primy, Compt rend, xxxviii. 
1008), Claus (imn Ch. Ph'itm lix 234; Ixm. 341; N. Poterab. Acad Bull li. 
168; iv. 453, vi. 145, Jaliresb 1860, p 204; 1861, p 820, 1863, p 296), Deviile 
and Dehray (Ann. Oh Pharm. eiv. 227 ; c\iv 78; Ann. Ch. Phys. [3] Ivi. 386; 
Jahresb. 1867, p 260, 1869, p 231), and Cibba (Sill. Am. J. xxix. 427 , xxxu 68 ; 
Jaliresb. 1860, p. 217 , 1861, p, 328). The name of the metal is derived from iagii 
(odonr) on account of the strong and peenliar odour of its highest oxide. 

Osmium occurs combined ivith mmura, forming the alloy called osmndittm or 
iridosmine, in native platinum, partly in distinct white matallie groins, partly intimately 
mixed or combined with the platinum and other metals, and remaining in hloek soalos 
when those metals are dissolved in mtro-muruitio acid , osmindnuu dso oociirs "with 
chrnme-iron in into (in, 326). 

The separation of osmium from iridium aud the other metals with which it is 
associated, depends chiefly on its ready oxidafiou by nitric or nitio-muriatie acid, or by 
ignition in air or oxygen-gas, and the volatility of the oxide thus produced. The 
methods of effecting the separation have been .ilready described under Innnnm (lii. 
314—316, Nos. 1. 2, 4, 6, 7), and OsumaniuM (iv. 241). 

To obtain metallic osmium, the distilled osmio tetroxide is digested with hydro- 
chloric acid and metallic mercury in a weU-closod vessel at 140°. The osmium is 
reduoedby tho mercury, and an amalgamformed, which, whon distilled in a retort through 
which hydrogen is passed tdl all the mercury and calomel are expelled, leaves osniinm 
ns a black powder without raetaUic lustre (Berzelius). Metalhc osmium may also 
be obtained by digesting osmio tetroxide ■with hydroeblorio acid and metalhc zinc, 
( V a u q u e 1 in). — or by passing the vapour of the tetroxide mixed with hydrogen through 
a glass tube heated to redness for about an inch of its length, the osmium being there 
deposited as a compact roetalhe ring (Berzelius), or by igmting a nuxturo of 
ohlorosmiate of aramonhim with sal-ammoniac (Berzelius) 

The following is tho method adopted by De ville and Debray. A very mtimato 
VoL. IV. . E 
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inixtiire of osmiridium witli fij pts. barhun-ptroxido is heated for an horn- or two in a 
well-closed eartlien criieilJe tu the melting poult of silver, llie resulting Mack mass 
cuiirM‘ly powdered iB drenched in a glass retort with a little water, and then with a 
nifStuie of 8 pts. liydroelilorie and 1 jit ordiiuiry iiitrie acid, the mixture is distilled in 
a retort provided willi a closely fltting and well cooled receiver eoiitiniiing aqueous 
aniinonia, as loiigns v-ipouis of osniic tctroxide oontiniio to puss over, the osinnto of 
ainniouhim tlius ohtinnod is siipersatiir.atcd with sulphytlrio ,ieid , tlie hqn ul containing 
the suspended miljiliidc of osninini is boiled for soino time anil llllered, and the 
sulphide of osmium is dried al a regular tempcr.itiir0, as it might tnko Are if too strong- 
ly heated. The dried sulphide is then introduced into a eiucihlo made of gas-coke, 
polished on its inner surface, .iiid fitted with a well-ground cover, and this erucible, 
placed witlim an earthen criinble cont.iining sand and bkewise well closed with a 
groimd cover, is exposed for four or six hours to the melting heat of nickel. The sul- 
phide of osmium is thereby reduced to tho metallic state 

Projieriiea . — The properties of metallic osmium v.iry according to the mode of 
preparation. In the pulverulent state it is black, destitute of met.illie lustre, which 
however it acquires by burmshing, and has, according to BerzeliuB, a, density of only 7 ; 
but in the compact state, as obtained by Berzelius's method above described, it exhibits 
metallic lustre anda density of 10. IVbeii reduced by the wet way it has a bluish tinge It 
is mallealilo enough to bear rolling into thick plates, but is easily reduced to powd er under 
tho hammer (Berzelius) Deville and Debray, liy the method just desoubed, 
obtained it in easily divisible lumps having a bluish colour lighter thiin that of vine. 
It may be reduced to a more coinpiict state by beating it to the melting point of 
rhodium, when it attains a density of 21 3 to 21 4 When heated with 7 or 8 times 
its weight of zinc in a charcoal cruel bio to hriglit redness, it dissolves in tlie zinc, 
sep.irates on slow cooling in the crystalline state, and remains after the zinc has been 
removed by h\ diwhloric acid, ns a very hard oryst.illine powder. If osmium bo melted 
with ziuo and tho resulting alloy trentod with liydroclilorio aoiil, the whole of the 
osmium remiuus midissolved us an amorphous very inflammable powder, but if the 
zinc be expelled fiom tho alloy by a strong heat, and the lemaining osmium heated m 
a ohercoal crneible betore an oxy-hydrugen blowpipe capable of melting rliodium, tho 
osmium 13 obtained as a bluish metallic-sliiuing muss, having the density of 21'4, bard 
enough to scratch glass, not however quite oompnet, hut penc-tmted by cavities, At a 
still higher temperature, capable of melting rnthemum and iridium and volatilising 
platinum, osmium likewise volatilises, but still does not melt, it is in fact the most m- 
fusibln of aU metals 

Osmium in the finely divided state is highly combustible oontimnug to burn when 
set on fli’6 till it is all volatili.sed as tetroxide In this state also it is easily oxidised 
by mtrie or mtro-muiiaho acid, being converted into tetroxide But after exposure to 
a red heat, it becomes much less eombustiblo and is not oxidised by niti’io or nitro- 
muriatioacid (Berzelius). Osmium which has been heated to tha melting point 
of rhodium does not give off any vapour of tetroxide when heated to the melting point 
of zine, hut takes five at higher temperatures (D evillo and D e bray.) 

OSMIXTK, CHIiORIBES or. Osmium forms threo cblondea having the 
formulm OsOB, OsUl", and OsCl*. A hexeliloride OsCl” is also said by Beiwelius to 
exist ill eeitam double salts , but its existence is not well established. Tha'e la no 
chloride eorreaponding to tho tetroxide 

BloIUoriae of Osmium or osmlous Clilorlde. O.sCl’. — When pulverised 
osmium IS heated in perfectly diy chlorine gas free from air, there is formed, fli’st a blue- 
black sublimate of osniious chloride, then a red subbmata of osmio oHoride, OsOl* (The 
green ebloride mentioned by Beizelius is formed only when moistiue is not com- 
pletely excluded ) The osniious chloride, which is produced in relatively small 
quantity, and is difficult to obtain pure, diasolvea in water with dark violet-blno 
colour, A similar solution may be obtained by dissolving osmious hydrate in hydro- 
oblone aeid, or by the action of reducing agents (such as zinc, tannic acid, ferrocyanide 
of potassium, or sleobol) on a solution of the to- or tctra-cbloride , but it is very 
unstable, oxidismg as quickly as ferrous chloride, and clianging m colour to dark red, 
and ultimately to yellow. The addition of chloride of potassium renders it more stable, 
by forming a double salt. (Claus.) 

TrlcWorWo or Osmloso-osmlc Chloride. OsCl*. — This compound, which is 
also very unstable and cannot bo obtamed nitlie free state, is ooutamed in the solution 
produced by dissolving the mixture of the di- and tri-ohlorides resulting from the 
action of chlorine on pidverised osmium, m water The solution has at first a chrome- 
green or bliie-grcen colour, but soon becovnes pniple-violet, from formation of tri- 
eliloride, and finally colourless, in consequence of the resolution of this oomponiid into 
osmio tetroxide, hydrochloric acid, and a mixture of osmious and osmio oxides whieh is 
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tlu-own doOTi 111 tk' form pUi black powder TI40 tncliloride is sometimes also ibi med 
bv treating a sohvtimi of the yellow totraeldorida with, a large quantity of hydroclilorio 
aud, or by the aetioii of aulphydrie aeid on a solution of osmic tetroiade containing a 
i.iige niiantity of hydrochloric acid. 

I’ufnsito-fliimosD-m/mo chlnnii’ or Cklorosmifc of Potassium, K“OsCl“ or 3K01 OsGl* 
13 pioduced, together with potassio-osmio chloride, when a inixtm’e of pulverised oammiu 
and clilm ido of potassium is strongly ignited in chlorine gas. On dissolving the ignited 
mass in water, and evaporating, the osmic s,ilt ciystiillises out first, and afterwards 
the osmioBo-osmie salt in small quantity The hitter is more easily obtained by the 
action of hydroohlorio acid and chloride of potassium on osmiumate of potassium 
(p 239) ; a eoncoiitrated uquemis solution of osniie tetroxide is mixed with eaustie 
potash and ammonia, then siitiuated with dilute hydrochloric before it turns yellow 
and deposits osmiainirto of potassium and quickly etaporated to dryness over the 
water-b.ith ; and the residue is freed from sal-ammoniac and chloride of potassium by 
cm eful washing with ice-eohl water 

Tile double cIiIoi'kIp is thus obtained in dark red or red-hromi eryst.da, 3KCS OsCl“. 
SH-O, which give off half thou- water by effloreseuce in tho air, becoming rose-red at 
the samo tune, and the whole between 15(1° and 180°. It dissolves easily, with deep 
cherry-red eolour in water and in alcohol, but is insoluble in ether; hns a nauseous 
strongly astringent taste, and decomposes, especially when heated, turning brown, and 
yielding a black oxyclilonde. The aqueous solution gives with potash, ammonia, or 
carfionaie of potassium, a brownish-iiud preeipitato of hydrated osraioso-osmic oxide, 
which dissolves in ammonia, but only piartinlly in potash (and is precipated tUerofrom 
ut the boiling heat, The samo solution gives with niiiate of silwr a dirty grey-brown 
precipitate soluble in ammonia. Heated with iaimtc acid, or alcoltol (with addition 
of hydroohlorio acid) it is reduced to the blue diehloride. With sulphpdnc acid and 
sulphide ofammouum, it yields brown-blaek sulphide of osmium, insoluble m sulphide 
of ammonium. (Claus,) 

Ammomo-osmtoso-osmto Chloride 3NH''C1 OsCV 3H'0, resembles the potassium- 
salt 

Tetrachloride of Osmium or Oamlo Chloride. OsCK — This is the red com- 
pound winch constitutes the priucipiil part of the product obtiviued by igniting osmium 
in cblorme gas. It dissolves with yellow colour in water and alcohol, andis decomposed 
quiokly in dilute solution, moie slowly in presence of hvdrocblorie acid or metidho 
elilorides, yielding a black precipitate of osmie oxide ami a solution of oamie tetroxide 
and li j drochloric acid 

Osmie ohloridn unites with the elilorides of the alluili-metals forming salts Bometimea 
called ehlorosmiites. From tho solnlions of these salts, sulphydnc acid awA. sulphide 
of ammonium slowly preeipitato aycllow-browu sulphido insoluble in alkaline sulphides. 
Nitrate of silver forms an olii e-green, stannous chloride ,i brown precipitate. Tannic 
acid on heating produces a blue colour, but no precipitate , fenoct/auide of potassium, 
first a green, thou a blue colour , todidc of poiasstiun, a deep purple-red colour. Potash 
gives a black, ammmta n brown precipitate, slowly in the cold, immediately on boiling. 
MetaUio zinc and/o/ mate of sodium throw down metaUio osmium (Berzelius ) 

Ammomo-osmic Chloride or Chlorosmate of Ammoiimra, 2NH'‘C1 OsCl\ is formed 
on mixing a solution of thfe sodium-salt with sal-ammoniae, as a rod-hrown precipitate, 
and separates from the mother-hquor m blaek-hrow a oetaliedrons It is even more 
docomposiblo than the potiissium-salt, and leaves when ignited a residue of spongy 
osmium (Claus.) 

Argmto-osmio Chloride 2AgCl OsCl'*. — Obtiined as a dirty green precipitate on 
adding ammonia to the solution of the sodium-salt (Claus) In contact with ammonia 
it is converted into a muiium-red very unstable coniponnd, Ag'TkCl'' 2NH^ solnblo 
with yellow colour in a large quantity of water (Eiehler, Jahresb. 1860, p. 216, Claus). 
Tho same compound js formed on adding mtrato or aramoiiio-cliloride of silver to a 
solution of potassio-osmic chlorido eontaiiiing aramonui (Eiehler) 

Fotassio-osmic Chloride. K-OsCl“ or 2KC1 0,sCB, is obtained by gently igniting 
a mixture of chlonile of potassium and metallic osmium in a stream of chlorine 
(Berzelius), or by precipitating a solution of the sodiuni-salt with chloride of potas- 
sium (Glaus), It forms brown or minium-red octahedrons, sparingly soluble in water, 
insoluble in alcohol Paper moistened with the aqueous solntiou acquires a blue colour 
not removable by washing (Berzelius) The aqueous solution becomes grneni.9h 
after a while, and black on boiling, the oamic chloride being decomposed m the man- 
ner above mentioned. Potash decolorises the solution, and on lioiling throws down a 
blue-black precipitate of osmic-hydrate. Dilute arranmiia throws down a yellowish- 
white precipitate which changes after a while into a brown .immoniacal compound, 
N=H»OsO». (Claus) 

Eiehler (Jalireab. 1860, p. 214), by dissolving hypo-osmite of potassium, K“0.30s0* 
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(olitiiined by exposing an alcoholic solution of the osnjite, E’‘0.ps“O® (p 247), to snn- 
shint*), in cold liydrochlorie acid, obtained ii dark violet snlutnin of potassio-osmic chlo- 
ride, ■fflucb Was more readily dccomposible than the greenisli-yellow solution of the 
oetahcdral double s.ilt .ibora described, inasinneli as it gave with potash an immediate 
black precipitate of osniic oxide, a simil.u- prccipit.ito wifli a small qiuiitity of ammonia, 
also with pliosphuto of .sodium By exposure to the air it was gmdimlly converted into 
the yellow solntiun of the octahedral salt [ ? Did not this viulct solution contain 
osinioua as well .is osniie chloride.] 

Sndin-osmic ch/oriele, 2NaCl OsCl*, prepared hy heating a mixture of sulphide of 
osmium and chloride of sodium in a euri'ent of moist chloiino, ciystalJises in orange- 
coloured rhonihio piisms an inch long, easily soluble lu water and in alcohol. (Claus.) 

Sexohloriae of Osmium. ObCl“? — Not known in the free state, but said by 
Berzelius to be obtained, in combination with chloride of ammomtim, when a sol- 
ution of osmic tetroxido mixed with ammonia is treated with hydrochloric acid, mer- 
cury being also placed in contact with it. After a few days the liquid loses the odour 
of osmic tetroxide, and leaves the double clilorido on evaporation in brown dendritic 
crystals. 

OSMITTM, JQETECTXOW A1I» ESTIKEATIOJir OP, All oamium-com- 
pouiuls, wlieii boiled with an excess of nitric acid, give off the unpleasant pungent 
odora of osmic tetroxide By ignition in bydi-ogen gas, they are reduced to motallio 
osmium, which as well ns the lower oxides, efnits the same odour when heated in ooutaet 
with the air. Those which contain indium, however, offer greater resistance to the 
action of oxygon or oxidising agents than thoso which are free from that metal. Such 
compounds should first he reduced by hydrogen to the state of an alloy of osmium and 
indium, in which stiite small quantities of osmium are more easily detected by oxi- 
diitum. 

Bor the reactions of osmium salts in solution, see pp 243, 246 

Quantitative Eetimatiou and Sepatatum. Osmium is generally estiuiated in the 
metallio state The best mode of separating it from the metals with which it is usually 
aeeompanied, is to volatilise it in the form of osmie tetroxide — ^by distillation with 
nitromurmtic ncid, if the coniponnd bo perfectly soluble therein, or hy roasting in a 
stream of oxygen — ^receiving the vapours of osmio acid in a strong solution of potash ! 
and to reduro the resulting salt, by the addition of a few drops of alcohol, to osmite of 
pntas.sium, which is insoluble m the alcoliolio liquor. The osmite of potassium is then 
digested in a eold solution of sal-ammoniae, whereby the compound 2NH*01 NWOsO* 
is produced, and the osmium reduced to the nietalho state by igniting this last-men- 
tioned compound in a current of hydrogen gas (Br4 my.) 

Another mode of proceeding is to condense the acid vapours evolved by distilling a 
compound of osmium with nitro-rouviatie aeid in a well-cooled receiver, and precipitate 
the osmium from the solution by metallic mercury A precipitate is thereby obtained 
consisting of calomel, a pulverulent amalgam of osmium, and metallio nieroury con- 
txiimng a very small quantity of osmiuin. This mixture is boated in a glass bulb 
thnmgh which a stream of hydrogen is passed, whereupon the meronry and its ehlorido 
volatilise, and metallic osmium is left in the form of a black powder The liquid, how- 
ever, still rstains a small quantity of osmium, which may be isolated by saturating 
With ammonia, evaporating to (hyness and ealcmuig the residue (Berzelius) The 
osmium way also be precipitated from the distilled liquid hy sidphydric acid, the sol- 
ution, after eomiilete saturation, being left for several days m a stoppered bottle, till 
the sulphide of osmium IS completely deposited. The sulphide is then washed, dried, 
and weighed; but as it is apt to retain moisture, and, moreover, oxidises to a certain 
extent in the air, the method is not very' exact It is recommended, however, for the 
estimation of small quantities of osmium, the method of precipitation by mercury being 
better adapted for larger quantities. 

The most difSoidt of all compounds of osmium to decompose is the native alloy of 
osmium and indium, especiiilly the pale variety. The difficulty arises in a great mea- 
sure from the extreme hardness of the mineral. The best method of disintegrating it 
is that given by Boville and Debray, whieb consists in igniting it with six times 
its weight of pure zinc, till the latter is completely volatilised The osmiridiiim is 
then left behind ns a spongy mass, easily reduced to very fine powder. The decom- 
position may then be effeeted by igniting the pidvensed mineral mixed with clilonde 
of sodium in a stream of chlorine (AYuhlcr), or by ignition with nitrate and 
hydrate of pota'-sium (Clans), or with chlorate .ind hydrate of pobissium (Britzsche 
and Struve, J pr. Cliem. xxxvii. 483); or with peroxide and nitrate of barium 
(D eville and Dobray). See Ibidhim (iii. 314) and OsiuraroroM (iv 241). 

Atomic longht of Omnium — Berzelius determined the atomic weight of this metal by 
heating potassio-osmie chloride, 2KG1.0sCl* in a ewrent of hydrogen, 1’3186 grm. of 
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rtie snUlejTinR 0'40I grm. KOI and 0 636 grm. osmium; lienco, if KCl = 174-5, we 
findOfe = 198'8. 

Dilforent numbers are liQWOver obtained by comparing the original wight of the salt 
with tli.it of the chloride of potaeaiiim left, or with the quantity of chlorine givaji off 
(0 3805 grm.), the resnlj being in the former case, Oa = 198'4; in the latter, Os = 
2(I0’3'2 

Fr6iny (Ann. Ch, Phys [3] xii. 361), from experiments with osmic teh'oxido, the 
details of which have not been published, estimates the atomic weight of osmium at 
199 6 

The number 199 may therefore be regarded as very near the truth. 

OSMItnW, OXIDES OP. Five oxides of osmium are hnown, namely OsO, 
0b“0’, OsO-', OsO", OsO' —The first three form salts with acids ; the third appears also 
to act os a weak acid forming a potassiimi-.sidt ; the fourth is also a weak acid forming 
with bases a few salts ^called osmites The tetroxidc, OsO*, is usually regarded as 
an acid and c.illcd osmic acid ; but its solutions in alkalis are i ery -unstable and do not 
yield definite s.ilts , hence it ainnot he rcgiu'ded as a true acid oxide. 

Protoxide, or Osmlous Oxide. OsO. — Obtained in the anhydrous state hy ignit- 
ing osiuioiis or potiisbio-osimous sulphite iii a stream of oiu'boiuc anhydiude A blue- 
black hydrate, probably OsH'O", is produced by heating osmioua sulphite -with strong 
potash solution, in a closed vessel "When recently pvopured it forms with hydroohlorie 
acid a blue solution -which however quickly becomes riolet, dark-red, and finally yellow, 
oxidising in fact as quickly ns o solution ot a ferrous Rilt (Claus). Berzelius by 
preeipit.itiiig potassio-osmious chloride with potash, obtained a greenisli-blaok hydrate 
which dissolved slowly in acids, forming green solutions. 

Osmioua sulphite, OsSO’, is obtained by mixing an aqueous solution of the tetroxide 
■with sulphurous acid. The hqiud then turns yellow, red and finally deep indigo-blne, 
and when ev.iponited or heated with sulphate or ciirbonato of sodium, deposits the 
salt us ablue jolly, which easily oxidises while moist, but forms, when dry, a very stable 
powder of a dull black-blue colour. The salt is insoluble in water, but dissolves in 
hydrochloric acid with iiidigo-hliie colour, uud -without evolution of sulphuious anhy- 
dnde It is decomposed hy potash at the boiling he.it. and is resolved by heat into 
sulphide of osmium, osmic tetroxide uud sJphurons acid, the two lutterof which how- 
ever easily reproduce the origmal salt (Claus.) „ 

Potassio-oamious Sulphite 3K''SO*.OsSO“.6H"OorQ^®,^j^j|o*.6IPO. — ^Potassio-osmio 
chloride heated ivith aqueous sulphurous acid becomes colourless and deposits tins salt 
as a white pulverulent preoipitate, winch when dried forma a light crystaUino powder 
ha-ving a tinge of rose-colour It dissolves shghtly in water, and has a Boarcely per- 
ceptible lustre, decomposes at 180'’, assuming a dingy violet colour. (Claus, Ann. Ch. 
Phorni. xiii. 366 ) 

Acid Osmwiis Sulphite with Chlaixde of Potassium 6KC1.0sS0’ SO’. — ^Formed 
by treating tbe lost-described salt with hydrochlono acid. It is a brown-red crystalline 
anlndroiis suit, veiy soluble and having a sharp taste. (Clans, Ann. Ch. Pham. 
Ixvil 378.) 

Sesquloxlde of Osmium, Os’O*, is obtained hy heating either of the double 
salts of the trichloride (p 244) with carbonate of sodium, in a stream of carbonic anhy- 
dride. It IS a black powder insoluble in acids. The hydrate, Os’O’.SIPO? obtained 
by precipitation, has a dirty browii-rcd colour, is soluble in acids, hut does not yield 
pure salts 

Dioxide, or Osmlo Oxide, OsO’, is obtained ns a black insoluble powder, hy 
heating pot.issio-osimc chloride (p 245) with carbonate of sodium in a stream of carhonio 
anhydnde (Berzelius, Claus), or in copper-rod metallic-shining lumps, by heating 
the corresponding hydrate Osmic hydrate, OsO’ 2H-'0, is obtained hy precipitatuig 
a solution of potassio-osmic chloride with potash, at the boiling heat (Berzelius, 
Claus), or in greater purity by mmng a solution of potnssic osmite (K-'O OsO’) with 
dilute nitric acid (Claus)- 

2060’ =. OsO’ + OsO' 

It is then precipitated as a black somewhat gummy powder, which dries up to lumps 
having a eonehoidal fraelure. It is sparingly soluble in acids, and when heated, de- 
composes with scintillation, giving off osmic tetroxide and hydrogen, and leaving osmic 

SOsH'O' = OsO’ + OsO' + m + 2H=0 
Cl.ius supposes that there is also .another osmic hjdrato, OsO’.fiH’O, which is soluble in 
potash, and is converted hy heat into the precedmg hydrate. 

The anhydrous oxide and the hydrate are both insoluble in acids. An osmic sulphate 
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ia arid to ba obtained by dissolving disulphide of osmium in cold dilute nitric acidj 
but the only well-defined osnue salts known are the double salts of osniie chloride with 
the chlorides of the ulkali-motala (p 246). 

A eoinpound of osniic oxide with potash, K’O.SOsO", which may be called 
oamite of jxitassium, is obt.iiiied, according to Eielder (p 215) by exposing u solution of 
osmic tctroxide mixed with alcohol and excess of pofiiali to direct sunshine, and treat- 
ing the hhack preciintiite which seiwrates after a while with dilute mtrio and 

Triozlde of Ogmtuin. Oamums AnhjAruh. OsO”. — This oxide ia not known 
in the free state, lint neeording to Miillett (SiU. Am J. [2] xxix. 40), when tlie 
nuiFS obtained by fusing platiuum-residnes with 3 pts saltpetre is distilled, with strong 
sulphuric acid, a mixture or compound of the Irioxide inth tlie tetroxido passes over 
.at the beginning of the distillation, and condenses m yellow drops which slowly solidify 
to a mass resembling unbleached beeswax ; at a later stage of the process the tetroxide 

^ Ossiitcs**-— OsMO“ or M'O OsO” — ^Tliose are salts obtained by the action of re- 
ducing agents on osnue tetroxide in presence of alkalis. 

OamiU of fotimmm, O.sKO- WO, is obtained as a rose-coloured crystalline powder 
on adding a few drops of alcohol to a solution of the tetroxide in caustic potash (osmato 
of potns.5iuni) or in octahedral crystals of considerable size, by mixing the same solu- 
tion With nitrite of potassium and leaving it to erapornto slowly. It may also bo 
iormed by dissolving osmic oxide in the aUialtne solution of tbs tetroxide Itis soluble 
ill teafer, insoluble in nfro/ad and cMer, perm.uient lu dry .iir, but changes into osmiito 
under the influence of air and water Chlorine conrorts it into osmio oxide and osmaf e 
of potassium. It is decomposed by acids, even by the weakest, osmio oxide being pre- 
cipitated and osmio tetroxide evolved. Sulphmnns and introduced into a solution of 
this suit, previously rendered alk.iUiie, throws down a yellow crystalline precipitate, 
containing a .salt wlioso acid is formed of osmium, oxygon, and sulphur. Chloride of 
ammonium decomposes osmito of pot.is3Uim, forming a nearly insoluble yellow salt, 
2?fE*01 OsO’N^H''. Tins compound, boated in a stream of hydrogen, gives off ammonia 
and sivl-ammoniao, and leaves metallic osmium. 

Osmitr of sodium is prep.ired in the Scimo manner as osmite of potassium, but docs 
not crystallise so easily , its solutions are r^e-coloured Osmite of ammonium, does not 
appear to exist , the osraites of pot.issium and sodium .ire rapidly reduced by ammonia 
Tetroxide of OBmium, commonly caBod Osnue acid. OsO*. — This is the volatile 
strong-smelling compound produced when osmium or either of its lower oxides is 
heated m the air or treated witli in trie or nitro-muriatie acid The best mode of obtiiimng 
it pure, according to Claus, is to rectify the distillate obtained by treating finely 
divided osmiridium with nitro-muriatie acid, using good means of condensation, satur- 
ate the first third of the new distillate tvith potash, and distil a third time. Pure 
tetroxido of osmium then collects lu tlie receiver, partly in concentrated solution, partly 
111 large beantiM cry.stals. Its vapour has aii mtoler.ibly pungent odour, attacks the 
eyes strongly and painfully, imd is excessively poisonous As an antidote to its poison- 
ous action Clans recommendB the inhalation ot sulphydrie acid gas. Its taste is acrid 
and burning, but not iiciiL It softens like wax by the heat of the hand, melts to a 
colourless liquid oonsideriibly below 100°, and boils at a temperature a little above its 
melting point. It is dissolved slowly but in eonsider.ible quantity by wafer, the solu- 
tion lias no acid reaction It is dissolved also in alcohol and ether, but the solutiniis are 
apt to deeomposo spontanoonaly, dopoaitiiig metallic osmium, It is a powerful oxidising 
agent, decolorising tndiffo-solution, separating iodine from iodide of potassium, convert- 
ing alcohol into aldehyde and acetic acid, and the carbohydrates into oxalic and 
eiirbonio acids Ammonia docomposos it in the manner shown by the equation . 

30s0' + 4NH“ = 30s0'‘ + EW 6^0. 

If the ammonia is in excess, it forms a base with the osmio oxide thus produced ; 

SOsC + lOEH' = 3lf‘S“OsO» + + BffO. 

If potash ts likewise present, osmiamate of pot.issium is formed: 

60s0* + SEE” + 6KHO => affhPOs’O* + E* + 16H'0. 

Osmie tetroxide dissolves in alhalis, forming yellow or rod solntinns, which are in- 
odorous in the cold, but when oviipoiiited by heat, give off the tetroxide and leave solid 
residues, regarded, by Berzelius, who however did not analyse them, us osm.ites (*. e. 
compounclsof the tetroxide with alkaline oxides). But, according to Clans, a solution of 
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tli(' tetroxMlo 111 strong caustic potash, gives off -when heated ths greater part of the 
tetro.Mile, while tliQ remainder is resolved into free oxygen and osmite of potassium, 
OsKO- or K=0 OsO= A moderately strong aqueous solution of onmic tetroxide poured 
iiiion solid hydrate of potassium, becomes heated and forms, without evolution of oxygf n, 
a blood-red salutioii containing nothing but osmite of potassium (Claus ) 

OSmiirAX) SUIiPHIDES OF. Osninira burns iii .sulpbur- vapour, Fivn sul- 
phides of osmiuiti are said to exist, analogous to tlie oxides, the first four being produeod 
by dceuinpoaing the correspondiiigehlorides with sulphydncaeid, and the tetnisulpliide 
by passing siilpli^drio acid gas luto a solution of the titroxide. It is a sulpliiii-aiid 
perfectly soluble in water, whereas the others aro snlpliur-bases, slightly soluble in 
w.iter, and forming deep yidlow solutions (Berzelius). Aceordingto Claus (Jahresb. 
1S59, p 264), a piuo solutiQii of osmic tetioxide yieldswith sulphuric acid a preeipituto 
eontaming less sulphur than the folrasulpbidc, OsO‘; but the Utter maybe obtained 
pure by previously acidulating the solution of the tetroxide with hydrochloric acid, 
which does not reduce it. 

OSMIUM-BASES, AMMOWIACAl. «. Osmw-hxht/dno dioxl-dimtride. 
N-IBOsO- = I — This substance is obtained in combination with 1 at. water 

(N=ff OsO® = N“H“OsO’ 11=0), by the action of ammonia in excess on aminonio- orpo- 
tassio-osmic chloride, or more easily by heating an aqueous solution of the tetroxide with 
ammonia (p 246). It is n hvown-black tasteless ponder, which decomposes with scin- 
tillation when heated, dissolves m potash, le.ss easily in aramonin, and slowly in aouls. 
The potash-solution when heated gives off .immoma and deposits (ammoniacal) osmic 
hydrate The aeid solutions are red-brown, le,ivo wlien emporated unccystaUisabla 
basic salts, only partially soluble in water, and yield with potash or ammonia a pre- 
cipitate of tlio unaltered base. Tlio cMonde which romiiins on evaporating the solution 
of the base in liydrochlorio acid, is a brown-blaek buttle mass only partially soluble m 
water and probably oousiBfing of N=H“0sCl=a'Il=0 (Claus, Jabresli 1863, p, 303 ]j 

|3, I?rdiuy (.Ann. Ch. Bliys. [3] xii 221), by aiUliiig a cold solution of potosaio 
osnnto to a solution of sal-.immoniac, obUim d a yellow crystalline precipitate coiitnin- 
iiig, aceoiding to bis analysis, N^H'=ObO-’01=, and regarded by him as a compound of 
eal-amiiioniuc with osmiaiiudo, 2NH^01, ■N=H'OsO= Aceordingto Q-ihhs and G-enth 
(Sill Am J [2] XXV. 248), it forms a double salt with platimc chloride, and whan 
treated with various silver-salts, yields corresponding oxy-salts which aie orange-yellow, 
nearly insoluble in cold water, more soluble in hot water, forming solutions which aro 
easily decomposed, with evolution of osmic tetroxide Aecowling to Claus, Fr^my’s 
eoinpouud probably consists of bl=H“OsCl H-’O, imismiich as it closely resembles the 
ruthenium-eompouiid of analogous composition (see liuiimnini) ^ The corresponding 
sulphate treated with baryta-water yields a very unstable solution of a base which 
Claus supposes to contain osmious oxide. 

OSMOSE. Sec Liquids, Osmose op (hi. 718). 

OSSEiar. Syn. with BoNE-CABTttAQE (i 619). 

OSTEOEITE. A tricaleio phosphate, Ca=P=0*, found near Hanau, also at Amberg 
in the Erzgebu’go. A specimen Horn the latter locality analysed by Gorup-Beaanez 
(Ann. Ch. Pharm Ixxxix. 221) gave 42 00 per cent phosphoric anliydride, 48 10 lime, 
4'07 silica, 1 56 feme oxide, 0 75 niiignesui, 0 04 potash, 0 02 soda, 2'21 carhonio 
auhydi'ido, and 1 HI water ( = 101-02) It is probably an apatite which has lost its 
fluorine and ehlormo. It h.as a compact texture, like lithographic stone, or else is 
earthy and adheres to the tongue. Spucifle gravity = 2 89. (Bromois, Ann. Ch. 
Phai-m Ixxix. 1.) 

OSTBAH-ITE. A greyish-hrown zircon from Brevig in Norway 

OSTBEOCOEEA. A name of earthy luncstone 

OTHSTE (contraction of Ox-ethyl). The name given by Williamson to the 
aeid radicle p=H=0, commonly called acdt/l (See NoMEtfOLATUBE, p. 132 ) 

OTOBA-PAT, Obtained from the fruit of ilyrjstwa otoba. It is nearly colour- 
less, buttery, smells like nutmegs when fi-esli, disngrec.ibly in the melted state Melts 
at 35°. Contains myristin, olein, and otobito (Uiicooehoa, Ann Ch. Pharm xo. 
369.) 

Oiubite — When otoba-fat is saponified and the so-ap is treated with aleohoUc acetate 
of magnesium, a preeipituto is formed containing otobito and myristie acid, and on 
dissolving out the latter with alcohol, the otobito remains and may be purified by ro- 
cry.stallisation from hot alcohol or ether It forms large colourless prisms having a 
glassy lustre, tasteless and inodorous, melting at 133°, and solidifymgiu the crystalline, 
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or if more strongly heateil, in the amorphous state It is not volatile, hut creeps up 
tho sides of the tube when hr-ited. Contains on the average 73 02 0, 6 40 H, and 20'68 
O, agreeing nearly with tlie formula (TJriooechea) 

OTTRBIiITB, a silicate of micneeoiisstructnro occurring at Otti-ez, near Starelot, 
on tho borders of Belgium and Luxemhoimg, in small shining scales or plates disseia- 
iiialed through tho gangue. Speeiflc givuity «=. .14. Scratches glass with difficulty, 
him a hlaekish, greonish-groy or black colour, and palo green streak, Before tho blow- 
pipe it fuses with difficulty to a black magnetic globule, and gives with fluxes the re- 
actions of iron and manganese Contains 43 .34 per cent, silica, 24’63 alumina, 10 72 
ferrous omde, B'lB mangimous oxide, and 6 66 water ( =. 98 68) agreeing approxi- 
mately with the formida 3(]?6; Mn)"SiO* aI'Si’O'^ 

Fhfflhte iq. v ) from Stoiimg, Hassaohnssetts, is regarded by Dana as identical with 
ottrelile, but tho analyses of the two minerals differ considerably. 

OlTVAROVITB. lime-ohxomo garnet ffiom Bisserak in the ITTa]. (See Gabnet, 
ii 772.) 

O'W&IaA. or Opoehala A leguminous plant growing on the Gaboon and near Fer- 
nando Bo, the seeds of which yield a fat oil. (Arnaudon, J. Bharm. [3] xxxvii, 
404.) 

O’WBKTXTB. Thnringito from the Potomac (See TirtmjNOilra.) 

UO'^H')" 

OXABEDrziorDE. C”H''N“0’ = N’j (O^O*)’. — A substance obtained by 

heating osalato of henzidiao, 2H’0 = It is pul- 

verulent, quite insoluble in water, alcohol, other, dilute acids, and alkalis, and is re- 
solved by strong potash into oxahe acid and bensidine (Borodino, Zaitschr. Gh. 
Bharm. 1860, p 688.) 

OXACAZCITB. Native oxalate of calcium (p, 266). 

OXAOEXIC ACID. Syn. With GiTcoixic Aon). 

OXAXiAGBTIo ACID. A name applied by Dumas and Biria (Ann.'Ch Phys. 
[3] T 363) to tartaric acid, from a peeuhar view which they held of its constitution. 

OXABAir, Syn with OxALinuMron (q. v.). 

OSCABANXIN'. CEWO' (Limprioht, Ann. Oh, Bharm. osi. 133 )— A body 
produced by tho action of nascent hydrogen on patubanie acid; 

2C''ffN»0‘ + = 0»H<N<0=H*0; 

ParaUaetc acid. Oxclantln. 

it is related to parabanic aeid in the same manner as alloxantin C'H^N'O', to alloxan 

It IS obtained in the fonn of a sane-compound by the action of zinc and hydrochloric 
acid on parabanic acid; on treating the orystiilline powder thus produced with sul- 
phyibio aeid, and evaporating the filtrate, oxaliinfm is obtained in hard white eiusts, 
having when dned at 100°, the composition O'HWO" H*0, It is sparingly soluble in 
water, nearly insolnble in alcohol and other; tho aqueous solution has a slight acid re- 
action. It 13 not oxidised by uitrie aeid or peroxide of lead nt the boiling heat, but 
when its .iqnooua solution is heated with mereuno oxide or sdver-nitrate and ammonia 
IS added, reduction takes place immediately. Oxalantm dissolves easily in alkalis and 
aUailine carbonates, with aflfervosceiice in. the latter case. The solutions when evapo- 
rated appear to contain oxalunc acid. 

OXABIC AOtD. CPH»0' = Oxalsaun. Kleesanre. Sm(crK!ecsUure. 

KoUi^s Sdure. Acide oxa/iqm. Acidk carboiievx . — ^This acid, the first of the series of 
dibasic acids, C”BP“-30*, including malonie, sueeimc, pirnehc acid, dec, (i .62), was first 
obtained by Savary in 1773, ondWieglcr in 1779, in tho form of a sublimate and an 
aqueous distillate, by heating salt of sorrel. Bcheole first prepared it from salt of 
Borrelby means of h.iHie acetate of lead, and showed that the acid thus obtained was 
idoiitic.ll with the ucitf o/swyar pievionsly prepared from sugar and nitric acid,. and 
investigated by Bergman. Its composition was established by Dulong, Ddber- 
eincr,^and Beizolins. (For the literature relating to it, see G-mdin's Manihoolc, 

Occurrence . — Oxalic acid occurs very frequently in living plants ; as a potassium-salt 
m various species of If.tBic.v and Oxttl^s, ns a sodium-salt in most species of Sahola 
and Sdtviirnm, pUnte spaiwing m salt-marshes ; ns a cnleium-salt m a great number of 
phints, in the wot, bark, ieavei^ &c., being often fuiiud m the cells m tho form of 
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Biniill crystals, tUe so-oallod ra^kidcs. JVIany liehiana are very Hch iu oxalate of cal- 
cvam. Ferrous oxalate occurs in daposita of lignite. The free acid (hydrie oxalate) la 
found ui Buletm igniimus^ and, according to some statements, in the jnice of the chick- 
pea. Ox.dato of oulcium is also of frequent occurrence in the animal body, being found 
lu urine, 11110.017 deposits, and calculi . in the .illantoic liquid of the cow; m the mucus 
of tlie gall-bladder of men, oxen, dogs, rabbits, and pikes , and in tho Malpighian ves- 
sels of the caterpillar of Sjthinx Oonvotvuh. 

Furmaiion. — 1 Oxalic acid is a very frequent product of the oxidation ot other or- 
ganic compounds, hoing in fact the most highly oxidised of all carbon-compounds 
except carbonic anhydride. Some compounds, namely alcohol C“H“0, glycol CWO’, 
.uid glycollio acid C'H'O'', are converted into oxalic .icid hy a comparatively simple 
process of oxidation, but in most cases tbe reaction is more complex, resulting in a 
complote breaking up of the molecule. In this manner oxalie acid is produced in 
great abundance from the more higWy carbonised organic substances, such as the car- 
bohydrates, sugar, starch, cellulose, &c., a. hy the action of nitric noid; ^. by fusion 
■with caustic alkalis. It is also produced in considerable quantity by the action of 
moist chlorine or chlorine-watcr on -nric acid. — 2. As an ammonium-salt, together -with 
other products, in the decomposition of cyanogen by water : 

OW ■(• 4H’‘0 =. 0»(NH^)«0‘. 

3. As a potassium-salt by heating potassie formate -with excess of potussic hydrate, the 
action being attended with evolution of hydrogen • 

20HE:0' = + H’. 

4, It is also found among tho secondary products obtained in the preparation of potas- 
sium by heating potussic carbonate with charcoal 

Preparatwn. — 1. From And Oxalaie of Potasoium (salt of sorrel) by precipitating the 
solution of the salt with acetate of lead, and decomposing the precipitated oxalate of 
lead ■with sulphuric or sulphydno acid. This is the oldest mode of preparation, but it 
has given place to the foUo^wiiig moro productive methods. 

2. Fiom Suffar 1 pt of loaf-sugar is hc.ited witii 8 pt-s. of nitric acid of specific 

gravity 1‘38 ultimately to the boihng point, and the solution is evaporated down to 
oue-sixth; it then on cooling deiiosits white cr^istals of oxalic acid. It is important iu 
this process to use a sufSoient quantity of nitric acid, ns tlio mother-liquor then crys- 
taUisos in tho form of oxalic acid, down to tlie last drop ; hut if less nitric acid has 
been added, sacohuno acid and other intermediate pioducts remain in the mother- 
liquor, which then becomes yello^w and bro^wu on oiaporation The crystals of oxahe 
acid may be purified from adhering mother-liquor by rccrystallising them from water 
containing a little nitnc acid, then draining them on a funnel, washing inth a bttle 
cold water, and drying between bibulous paper at a medium temperature. Oxalic 
acid prepared mth nitric acid is often coiitanimated with the latter, which may however 
bo removed by allowing tho crystals to effloresce in •warm .ur, then reeryataVhsing from 
hot water, again le,imng them to effloresce, and vecrystnlUbing. (Berzelius.) 

Moist sugar, treacle, staroh-sug.ir or starch may also be used instead of loaf-sugar for 
the preparation of oxalic aoid The nitrous fumes evolved in the prooesa may he util- 
ised for the manufacture of sulphuric acid, or they may be reconverted into iiitrio acid 
hy the action of air and w.iter. (Fora desonptiou of the manufacture of oxalic acid on, 
the largo scale, and of several patented processes for utilising the nifrous fumes, see 
Uie'sHichiinai'p of Arts, ^0. iv. 367. eJso Sio/uii daon and WatU’s C&emtccU Teehnology, 
Tol. 1, pt. 6.) 

3. FiomStarch, Oelltdoso and other OTgamosnbstanceshpfnmontBithaiJcahmhydrates. 
— When 100 pts. of starch, sawdust, straw, hay, bran, tobaeco-cuttiugs, &c , is mixed 
witli a solutiou of about 300 pts, liydrato of potassium, the liquid evaporated, and the 
residue heated to 200° — 200° for four or five hours, a quantity of oxalic acid is obtained 
ammuitiiig to between 100 and ISO pts. of tho crysfciUised acid. 'When soda is used 
inste.id of potash, the product is much less; hnt with n mixture of 1 pt. hydrate of 
sodium to 2 pts. hydrate of potassium, it is somewhat greater than with potash alone 
(Pos.soz, Oompt rend, xlvii. 207, 648). A process founded on this reaction has been 
patented by Messrs. Roberts Dale and Pritchard of Manchester, who propane 
oxalic acid on a considerable scale by heating sawdust ■with a mixture of potassic and 
sodic hydrates On treating the prodnet with a small quantity of water, aodic oxalate 
alone lemains nndissolved. This salt is converted into calcic oxalate by treatment 
■with chloride of calcium , the calcic oxalate is decomposed by dilute sulphuric aoid ; 
and the oxalic aoid is left to crystalbse from the filtrate hy cooUng. {Chemical Ilohno- 
logu, loo. oit.) 

Properties. — Oxahe aoid erystallisea c.isily in large transparent colourless crystals, 
contuining 2 at. water : CWO'.2H-0. They helung to tho mouocbnic system, usualiy 
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exhibiting the comhlnation ooP oP. + Pco . — Pco . [P«> ] E.itio of axes, a - h - o 
0-/i90 1:1 9(19. Auglei'c — 73“ 48', cdP : mP = 116“ 52'; ooP • + 

= 117“ 2', - P^o • oP = 129° 20'; - Poo + Poo = 127“ 16'; + Poo • 
oP‘ = 103° 24'; mP. [Poo] =. 1 10° 19'. Thecrjstakai’OUTOnUypnsmatieallyelon- 
gateil in the direction of till? ortliudingoiml (Prooke, Ann Phil xxii 19. — -De la 
Provostiiyo, Ann. Ch Plus. [3] iv. 453 — Il.iimnalsbcrg, Pogg. Ann. xoiii 24.) 

Oxalic acid is very solnhlo in watir and in alenluil, dissolving in 15 5 pts. iv.iter .it 
10°, in 9 6 pts at 13 9° and in a very small qiiaiility .it 100° ('riirnnr). Tliesointion 
is strongly acid and very poisonous, reddens litmus, and decomposes carbonates wilh 
etfonescenre. Oxalic acid cont.iniin.ited -mtli nitric acid dissolves in 2 pts of cold 
lv.iter (Berzeliiis). (Hee further Stoicr’s Dictmnary of Solubilities, p. 419 ) 

GrystaEised oxnhc acid molts at about 98° in its water of cry stallisatioii ; on con- 
tinued iieatiag. part of it sublimes as dry oxalic acid, G’H^O', while the greater part 
sufi'ers decomposition It .ilso graduidly gives off its water over oil of vitriol at 20°, 
being completely dehydrated in tho course of a few weeks (Erdmann, X pr. Chem. 
Ixxxv. 213). Accordingto Bodeker (Jahresb 1860, jp 17). the spomflc gravity of the 
crystallised acid is 1 63 ; of the sublimed acid 2 0 The acid dried at 100° sublimes 
at 165“ in slender white needles, ^art of it however being decomposed, and in greater 
proportion as the temperature is higher. 

ieeomposiiwns, — 1. Oxalic acid is resolved by heat into carbonic anhydride and 
formic acid, part of the latter heing fuither lesolved into carbonic oxide and water : 

C*H-0* = CO» + OII=0'‘ 

« 00= + CO + H=0. 

The same decomposition fcikes place when tho acid is heated witli platmim-sponge, 
pumice or sand When oxalic acid is heated with an equal weight of ylyoenn, decom- 
position takes place at ahoiit 100°, curhomc anhydride being evolved, and the residue, 
probably a eompmmd of formic acid with glycerin, yields formic acid by distillation 
witli water (ii 086). 

2. Ox.ilie acid heated with dehydrating substances, such as ooiioonti'ated sidphuno 
or phosp/iono acid, la resolved into water and equal volumes of carbonic oxide and cai- 
bomo anhydride : 

C=H=0* = H=0 + CO + 00= 

3 An analogous decomposition is produced by pentachlondc of phosphorus, the 
products being carbonic oxide, carbonic anhydride, nydrochlono acid and oxychloride 
of phosphorus . 

C=H-’0‘ + PCI* - CO + CO= + 2HC1 + POCl’. 

As this and the preceding reaction, when applied to other dibiisio acids, yield the cor- 
responding anhydrides (1. 52), and us moreover tho renohon with peiitachloride of 
phosphorus tikes place in exactly the same manner when tlie tivo bodies are brought 
togetlier in stiongly cooled ether or sulpliido of eaibon (Kei: uld), it appeal's probiible 
that the anhydride of oxalic acid, C=0*, is unable to exist under .luy concUtions that we 
are able to command 

4. Trichloride of phosphorus acts on the dry and in tho same manner as the 
pentaohlondo , with crystallised oxalic ueid, liowever, it yiflds orystallisablephosphoroua 
acid (Hurtzig and Geuther, Ann. Ch. Phurni exi 170) 

C=H=0k2H=0 + PCI* = CO + CO= + SHCl + PH*0». 

6. Oxalic neid is not readily attacked by nitric acid, it may indeed be crystallised 
from hot mtrie acid ; by coiitinued boding therewith however it is slowly oxidised, 
yielding water and carbonic anhydride. 

6. By other oxidising agents, oxalic acid is easily resolved into carbonic anhydride 
and water. Thus it is oxidised slowly by the oxygen of the air in presence of platinum 
black; qinejdy bypcim-idc of had or peroxide of manganese in prehPiico of an acid - c g. 

C-'H=0* + MnO= + H=SO< = 2CO= + 2H-'0 s- MiiSO*. 

On this reaction is founded a eomenient method of valuation of eomraeieial oxide of 
mniigiineso (ill. 814). When tliese peioxidcs act on aqueous oxaho acid, tho products 
are carbonic anhydride and a metalhe oxalate, e, g 

2C-'H-'0* + MnO = 2CO= + H-'O + C=M:nO‘. 

When 4 pts of dried oxulic mad are triturated with 21 pts. peroxide of lead, tlie muss 
beennies ineandesceiit. Oxahe acid is likewise rapidly oxidised by potassio perman- 
ganate, chromic acid and vanadio acid. 

7 Chlorine does not act on dry oxalic acid ; but in presence of water decomposition 
quickly fcikes place, thus : 

C=H=0' + CP = 2CO= + 2nci. 

A similar re.ictiou is produced by bromine, hypoiUorous aoid, and the chlorides of easily 
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rcdttcible metuls. Hence oxabc acid precipitates metallic gold from auric chloride, espe- 
cmlly on boiling : also motallio platmum from plaUntc chloride, but only under the 
influence of direct aimabiue. 'With mercuric cldonde, oxidate of ammonium quickly forma 
morcuraua eliloride. 

8. PoUissiumand serfiitmlieated with dry oxalic acid, decompose it with incandescence, 
charcoal being eepariited and hydrogen evolrcd. 

9. When oxahe acid is heated with excess of poiassk or harytic hydrate, hydrogen 
is evolved and a carbonate is formed ; e. g. 

+ 2KHO .= 2KHOO> + m 

10. Nascent hydrogen, rvolved by the action of sodium-amalgam on water, or of 
einc on dilute sulphuno acid, conTcrta oxalic into glyoxylio acid: C“H*0* + E* 
» C=HWH«0. (Church, u. 922 ) 

Oxalates. Oxahe acid is dibasic, yielding with monatomic metals, neutral salts 
eoiitaining and acid salts C-HMO*. With potassium and ummommn it like- 

wise forma hyper-aeid s.dt3, e g. C'^EKO' C*H-0‘, or G^S’KO". With most diatomic 
nu'tiils it forme only oue salt ; with banum and strontium, however, it forms acid salts 
aiiulogoiis to the hyperacid oxalates of the alkali-metals It also forms numerous well- 
crystallised double salts. It is one of the strongest acids, decomposing dry chloride 
of sodium uhen heated, with evolution of hydrochlorio acid, and oonvertmg chloride 
or nitrate of sodium in aqueous solution into aeid oxalate. 

Tlie oxalates of the nlkali-metals are soluble in water, the rest .ire for the most part 
insoluble in water, but soluble in dilute acids. 

All oxalates are decomposed by hiat. The oxalates of the alkali-metals, and also of 
the [ilkalino earth-raetnls, if not too strongly heated, give off carbonic oxide, and 
leave caibonates, while the oxalates of those metals whose carbonates are decomposed 
by heat (zmo and niagnesnim for exiuiiplo) give off ciuboiiio oxide and carbonic 
aiiliydride and leave metnlhe oxides. The oxalates of the morn easily reducible 
metals (silver, copper, &c.) give off earbonio anhydride and leave the metal , the lead- 
salt loaves suboxide of lead, and gives off 3 vol. earbomc anhydride to 1 vol. cnibomc 

^ ' 2CE>b''0< - Pb"0 + 3CO= + CO. 

Oxalates heated with mlphurio acid give off carbonic oxido and carbonic anhydride, 
and leave a residue of sulphiito In this case, as well as m the decomposition by heat' 
alone, no separatum of carbon takes place, and euiusoquoutly tUe roeiduo does not 
blacken , this character distinguishes the oxalates iroiii the suits of oil other curhou- 

Oxiilio aeid and the soluble oxalates give with chloride of calcium a precipitate of 
calcic oxalate, insoluble in water and in acetic acid, but soluble in hydrocUorio and 
nitiio aeid. This reaction affords a very doheate test for the presence of oxalic aeid: 
the insolubility of the precipitated ovahito in acetic ucid distinguishes it at once fiom 
the phosphate. 

Precipitation with soluble calcium-salts servos also for the quimtitutiie estimation of 
oxahe acid, the preeipitato being converted at a low red heat into carbonate 0“0a"0*, 
100 pts of which arc equivalent to 128 pts calcic oxahito 0'‘Ca"0'*, 90 pts dry oxoho 
acid C*E''0*, or 126 pts. of the crystallised acid C-E“0'.2E-0 The ciwbon and 
hydrogen in oxalates may also he estimated by eombnstion with oxide of copper. 

The composition and properties of the oxalates have been made the subject of 
numerous researches, especially by Herzelius, and more recently byEammolsberg 
(Pogg. Ann xem. 24) and Soiiehay and Lonssou (Ann. Oh Pharm. xeix 31, 

0 308, eii. 35 and 41, ciu 308; cv. 246, J.ibresb. 1856, 440; 1867, p. 289; 1858, 
p. 243). 

OxinxTB or Auuminium. — A solution of alumina in oxalic acid leaves on eva- 
poration ail amorphous transparent muss, which has a sweetish astringent taste, reddens 
htmus, deliquesces in the air, and swells np when heated 

Sodio-cdummio Oxalate, Al'i0^2Na-0 4C-O«.10E'’'O or I OMOE’O, is pro- 

Al'Ka'* ) 

duced when an excess of basic sulphate of aluminium (obtained by precipitating alum 
with excess of aodio carbonate) is boiled for a long time with a solution conteming 

1 at sodic carbonate to 3 at oxalio acid Tlio liquid if left to itself, for some months de- 
posits the double salt in rhombic crystals, pevmanont in 1 he air, and sparingly soluble 
in water with separation of aliunina oi b.isie salt. (Lonssen and Lowenthal, 
J pr. Cheni I xxxvi 314 ) 

Oxalates of Ammokium.— o. Afeatral saft, C^NE'*)’©' II-O — ^Tbis salt has been 
found 111 guano. It is obtained by saturating oxalic .leid with ammonia or its uoibo- 
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nate, and cryshdlisps in colonrlpss rhombic prisms gcncrnUy exhibiting the comhinatioa 
»P . oP . oofoo 2l>M iP. %tio of axes, fl : ? c = 0 7837 • 1 0'37H Angle 
ojp • coP = 76“ 10'; o=P . ooPoi =. 128° 5', oP , 4P = 148° 65’ , 2? co , oP = 
143° 26', 21*00 : JP = ljl°30'. The crystals arc pm+Iy Jiemiliedi'ia, only two of the 
four faces ^P bong piescnt at each end. One of the faces 4Poo and tlio at\i.iceut 
face 2Poo arc usually of larger dimensions than the iio.stenor faces at the aamo oiul ; 
morisiver tho crystala aro often flattened, two of the prismatic faces mP then disap- 
pearing (De la Pro vest aye, Ann Ch. Phys [3] iv l/il —Brooke, Ann. Phil, 
xxii. 374). The erj.stals efllomsce in wtirni air, giTiiig off 1 at water They dissolve 
in 3 pts of cold water, hut according to Hointz (J pr. Chem. Ixxxvii ,309) are 
much less soluble in water containing ammonine.il s.ilts, so that the salt is precipitated 
from 11 inoderately strong solution ' on addition of chloride or acetate of .imnionium, 
'The salt is decomposed by diy distillation, yielding oxamide and other products 

0 Actd Oxalate, Di-oxalate, oeBt-oxalate, C'‘H(NH*)0‘ 11*0 — Produced hymixingthe 
solution of tho neutRil-salt with oxalic acid, or with any other acid, such as sulphuric, 
hydi'ochlorie, or nitric. It crystallises in rhombic prisms, usually exhibiting the com- 
bination ooP . jpoo . f2 . Pco, with the termin-al faces ol?, wfeo and wPco . E.itm 
ofaxes, ffl.J 04638 1-06593 Angle ®P ; ooPto = 114° 23' , f® oP = 
160° 47', °“P«> : “P =■ 166° 37', oP ; « = 90°; oP »P® =, 00°, I>® • 

®P® = 119° 13'; oP : P«i ■= 129° 1', P2 • tco = 161“ 42', f 2 : oP = 140° 13'1 
'This salt has an actd reaction, and is less soluble lu water than the neutral oxalate. It 
is resolved by bent into oxamids and oxamie acid 

Hvpcraad Ovataie, Teiiaxatate or Qttadroxalaie, C“I[(NH^)0hC21I®0^2H:®0 or 
0'H\NH‘)0*H'*0.— Obtiiuied by crystaUisinp; a mixture of equal parts of the preetdiim 
E.ilt .iml oxalic acid. It crystallises in tnclimc prisms isomnrplioiis with the hyper* 
acid potassium-salt, and having a specific gravity of 1 607 (Soluff) The crystals 
effloresce at 100°, giving off 16-4 per cent = 2 at, water. They are veiy soluble in 

OxiiATB OP Antdiony, Sb“0''.C<0'.2E=0 or 2[C'Sb"'H.®0'“i§'i)®0“].8H'0 = 


_(C*'&»)* 1 

2| .» [ O' 3E'0— Tins salt is prepared by boiluig autimonious ebloiide or the 

oxyoliloride (alg.irotb-powdor) with oxalic acid (Piligot), or by mixing a saturated 
aqueous solution of oxalic acid with a solution of trichloride of antimonj in hydrochloric 
acid (Sonchay and Imnssen), it thou sepiu-ates in the course of 24 hours as a 
granular precipitate It gives off 1 at water at 100° and begins to decompose at 220°. 
(Sonchay and Lons.sen.) 

Aniiaaim-antmionia Oxalate. C'Sb'"(JrH^)‘0'' 2H'0. — Obtained by mixing a 
solution of autimonious oxide in aeid oxalate of ammonium, first with a small quantity 
of absolute alcohol (wliieh throws down acid oxalate of ammonium), then, 5ter filter- 
ing, with about tliroe times its volume of absolute alcohol (Souchay and Lon ss on). 
It forms rhombif .y -i . •. ' .moP. P. 2P. wf®. Axes a : 6 , a 

= 6-3716:l. . 

Poiassto~ttnit, ■ ■ . ‘0 —Obtained by dissolving antimo- 

nious oxide in a hot concentrated solution of acid oxalate of potassium. The filtnite 
as It cools, deposits nodular crystals of tho salt, which dissolve witliout decomposi- 
tion in water, but ai-e decomposed by mineral acids, witli separation of oxalic acid 
or of basic oxalate of antimony Gives off 3 at. water at 100° (Souchay and 
Lenssen). Accoribng to Eammelsbeig, tho salt prcpiired as above forms monocliuio 
crystals containing 2C‘Sb''li“0’'3H'0 Ordinniy combination ®P ®P® oP 
[®r«]. Batioofaxe.s, a: 4 • c: = 1-2394 1.0 6472. Anglo of inclined axes 
69° 36; ®P : ®P in the clmodiiigonal principal section ■= 105- 40'; iP®! rp®1 
in the same = 1.34° 66'; oP ®P = 106“ 8' (Ruinmelsberg) On di^ohing 
this salt in water, part of it decomposes, with separation of oxide of antimony, while 
the rest dissolves without alteration, and separates after awhile in largo crjstuls 
containing 2C«Sb"'j|*0‘= 9B.-’0. These crystals are rhombic, generally exhibiting the 
combination ®P . Poo. Poo. wPoo. Ratio of axes, a: b: o = 0 6903 1 - 1 14163 
Angle ®P . ®P = 67° -10'; f® - P® (basal) = 97° 48', P® ■ P® (basal) =' 
119° 23',^ Tho mother-liquor of this salt deposits, besides acid and byiieracid oxalate 
of potassium, a few crystals of a double salt belonging to tho tnclimc system (Ram- 
nielsberg.) 

Sodto-aniimonic Oxalate. CWNa'O'vC'Na'O' lOH'O —Prepared like the potas- 
sium-salt Forms distinct highly lustrous crystals, which give off half thoir water 
■when heated for some time to 100“ Dissolves without decomposition in water either 
hot or cold, but is decomposed by mineral acids, Sparmgly soluble in alcohol, insoluble 
in ether, (Souchay and Lousscu.) 
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OxiLi-TES OF Aesekic. Potamo-arscmom oxalate, CAs'"K’'0"' SffO ? — 
Dfposited m small hard glassy crystals from ahot solution of arsemous oxide m aqueous 
acid oxalato of potassium (Souehay and Lonssen.') 

Oxalates or Bauium. The •aeviral salt, 0®Ba"0*.2ffO, is prceipitated ns -a 
white powder on mixing oxalic neid with excess of baryta-water, or by precipitating 
the neutral potassiiim-snlt with chloride of barium. It disaohea in 2,590 pts. of cold, 
and 2,500 pts. of hot water, more readily in solution of Bal-.nninuniac, still more in water 
contiuiiing acetic acid, and most readily in aqneomt oxalic acid. At 100° it gires off 
1 at water, and is reduced to 0'Ba"0'‘ H^O, which is also the composition of the salt 
obtained by precipitating a solution of oblorido of bannm with oxalate of ammonia, at 
the boiling heat, 

An acid oxalate, 0*H’Ba"0* 4H®0, is deposited in pointed ciystals on mixing 
nearly equal quantities of the saturated solutions of oxalic acid and chloride of 
hanum The crystals dissolve in 336 pts of water at 16 5°, forming an acid solu- 
tion ; they are decomposed hy hot water, converted into the normal oxalate by salme 
solutions, and are not altered by alcohol or ether (Clapton, Chem. Soc. Qu J v. 
223) According to Souehay and Lenssen, they contain only half the water required 
by the formula above gnen, half of this water going off at 100°, the rest at 146°, and 
oxalic iieid beginning to volatilise at the same time. The crystals require 392 pts, of 
water at 17° to dissolve them, and are decomposed by hot water, with formation of the 
neutral salt, alcohol bkewise throws down the neutral salt from the aqueous solution 
of the acid salt 

Oxalates op Bismuth C*£i* 0'* 15H*0. — The neutral-salt separates as a 
wlute crystalluio precipitate on mixing nitrate of bismntli with excess of oxalic acid. 
Retains 2 at. water at 100°, but decomposes at lugbev temperatures into siiboxide of 
bismuth (Bi'O’) and acid oxalate of bismuth. It is insoluble in water, soluble in acids, 
aud deeomposoB by prolonged contact with water into oxalic acid which dissolves and. 
a basic oxalate of bismuth, (Souehay and Lonssen ) 

Pasio oxalate The ueiitral oxalate boiled with water yields a salt having the com- 
position 2(Bi'0® C'0“) ,3H*0 (Hointz) Souehay and Lonssen, hy bnilingthe recently 
precipitated noimal oxalate with water till the linmd no longer became acid, obtained 
a salt which gave by analysis 72’39 per cent, oxide, agreeing with the formula Bi’O’. 
C‘0“.2H'*0 or 2(G“Bi’"H*0'“ l^^O’) 3H“0 (rcqvuring 72’06 per cent. BiO*) better than, 
with Heintz’s formuhi, which requfres 78 5 per cent. According to the latter formula 
the salt IS analogous to tlie oxalate of antimony above described 

Oxalate nf Bistmth and Amnutmrni. C®Bi"'(NH')’0'’ 0C-(NH^)®OM2H*O. — 
Crystallises from a hot saturated solution of oxalate of bismuth inox.ilate of ammonia, 
in small prism atio cryst.ils which give off the whole of their water (13 98 per cent ) at 
100°. Dissolves readily in hot water, forming a clear solution which becomes tnrbid 
after a few seconds, and deposits oxalate of bismuth as a erystalline powder. It is in- 
soluble in alcohol and ether (Souehay nndLenssen ) 

■Oxalate o,f Bismuth and Potassium. C«BrE"0'° 2C'K^0M2H’0.— Prepared like 
the preceding, and separates in small priamatie crystals which are insoluble m alcohol 
and ether, and ore decomposed hy water The mother-liquor deposits a salt contain- 
ing C»BrK=0'».4C2K^0‘ 12H^O. (Souehay and Lenssen.) 

Oxalate op Cadmium. CK!d"Oh3H“0— The anhydronssaltisobtuinedasn white 
amorphous powder hy digesting carbonate of cadmium with oxaho acid. Oxalic acid 
or oxalate of ammonia added to chloride of cadmium throws down the tri-hydrated 
salt as a white precipitate consisting of microscopic tabular crystals, soluble in 
13,000 pts. of cold and 11,000 pts of boding water, a little more soluble in water and 
oxalic acid, ea.sdy soluble in iniiieriil acids, ammonia and ammoniaeal salts Gives 
off all its w.iter at 100°, and is decomposed at 340°, leaving a mixture of cadmium- 
oxide and metallic cadmium (Souebay and Lonssen ) 

O.xalate of Cadm-amimnmm. C-(N“H“Gd)"0*.2H-0. — ^When ox.alato of cadmium 
IS added to ammonia tdl no more is dissolved on heating the liquid, the filtrate left 
for some time in the cold deposits needle-shaped crystals, which r^idly give off pari 
of their ammonia when exposed to the air, and at 100° give off water ns well ns 
ammonia, acquiring at the same bmeaslight brownish tint, from separation of cadmium 
—oxide (Souehay and Lenssen ) 

Ammomo-oadmic Oxalates— a. C<Cd''(NH*)=0« 6C’(Itff)=Oh9H'-0 —Separates in 
microscopic ciystals when a solution of oxalate of cadmium in oxalate of ammonium 
saturated at the boiling heat, is diluted alter filtrutiou with an equal volume of water. 
Gives off all its water at 100° (Souehay and Lenssen.) 

/3 C^Cd''(NIP)=0''.70''(NHB’'O'.llH'O— Sepaiutes in hard crystalline ernsts from 
the preceding saturated solution, if left to cool without addition of water. (Souehay 
and Lenssen.) 



254 


OXALIC ACID. 


7 Riunmelsljorg bydisaolving oxide of cadnmim in oxnlafe of ammonium, obtained a 
salt to winch ho asmgne.l the tomula C!*Cd"(NH-‘)'0'' 3C-(NU')-0 ' 8n“0 This salt la 
supposed by Souchay and Lenssi'ii to contain only 7H’0. The thivc double-salts then 
furm a regular senes, their forimilm, if A stand for and B for 

C\NlI')-0<, being A.BMlH-0, A IR DH-'O. and A.B* 7II-0 (Spuchay iiiidLenascn ) 

I'(it<is\io-cadimc Oxalate, C‘Cd"K-( )“ 3110, is produced by saturating a boiling 
holuiion of oxalate of potassium with oxalate ot eadiniuin, and separates from the 
fillrato ill inicroscupio square-based ocUlieJions, which give off thoir water at 100“ and 
are decomposed by water 

Sodlii-iadiiiic Oxalate. C^Cd"Nn''0“ 2II“0.— Similar to the potassium-salt. (Sonohay 
and Leuflson ) 

OxALATB OF Caiciitm, G‘Cn"0\ — This salt is very widely difflised in the 
Tcgotablo kingdom, being found in tho jiiiee of most plants, whence it is deposited on 
the viisenliir tissue, toiv-uds the end of the giowiiig season, in microscopic crystals 
having the form of a square-based octahedron (P F in the terminal edges of the 
primiu-y ocUliedron 46° 28'; in a more obtuse octahedron modifying the first ^ llpo 
34'), According to Brueonnot (Ann. Ch Phys. ('2] xxviii 318), it often constitutes 
about half the weight of lichens growing on calenieons stones 'The marble of thj 
Parthenon at Athens is encrusted in some parts with a gi'eyish, warty, and somewhat 
opaline coating of calcic oxalate about a line thick, Called Thicrschtte by liebig, 
which is supposed to have beea deposited by lichens growing on the stone Calcic 
o.xalate has also been found by Schmidt (Ami Oh, Pharin. Ixi. 304) in beer-yeast, 
It IS nlso of frequent oceiiiTenee in the uiiimal body (p, 260), 

Ciiicic oxalate is precipitated as a white powder whenever a soluble oaloium-salt is 
mixed with ox.ihc aeid or an alkaline oxal.ite, provided there be no strong nuneril 
acid present in huge excess. It is insoluble m water, acetic acid, and solution of sal- 
ainmoniao, nciirlj uisolublo iii free oxalic acul, and sparingly soluble in lactic acid, 
but it dissolves with tolerable fiicilUy in hydroehlorie or nitric acid, whence it is pre- 
cipitated by caustic alKahs or aLk.iliiic carbonates. Chloride of magnesium also renders 
It slightly soluble in water (Turner, Pogg Ann xix 148.) 

Oxalate of calcium is insoluble in hot concentrated solutions of the chlorides of 
potassium, sodium, umraomuni, barium, strontium and ealoinm, but soluble to a oon- 
Biderable extent ni hot eolutious of salts of the metals bolougiug to the magnesian 
gi'oup, and IS precipitated from these solutions by an excess of alkahue oxalate (Sou- 
cliay andlionssen) 1711011 immersed in a solution of cupric salt (c g thesulphate, 
chloride, or nitrate) it is gradually converted into cupric oxalate, a soluble caloium-salt 
being formed at the same time In presence of a large quantity of oMoride of sodium, 
calcium, or ammonium, oxalate of calcium dissolves completely in solution of ouprio 
chloride, but if the solution he agitated or left to stand for some time, cupno oxalate 
sepanites out. When oxalate of calcium is boiled with a soluble salt of silver, lead, 
cadmium, zme, mekel, colwlt, strontium, or barium, a soluble ealoium-salt is formed, 
and an oxaUte ofthe other base is precipitated. (A. Ileyuoso, Compt. roud.xxix, 627.) 

Oxalate of eiilcuim di-solves in considerable qu.mtity in pure pluisphorio and, 
especially with the aid of heat. Such a solution when largely diluted with water, re- 
mains clear if it contains a large quantity of pho.sphorio acid , and if eanstie-soda he 
then cautiously added till tho pw-cipiUte formed at first is redis«olvcd, .ind the liquid 
then left to stand ijiiietly, a large proportion of the calcic oxalate oiystallises vrithin 
twenty-fonr hours in quadratic pyranuils . and tho mothor-liquor if again treated with 
soda, yields another crop of crystals. (Neubauer, Ann CL Pharm. xeix. 223.) 

Oxidate of caleinni dried at 38° contains 2 at. water (C''Ca"0‘.2Hi0), half of which 
is given offatl00°, the rest at a higher temperature (Thomson Graham). The 
salt dried at 160° is highly electric, but loses this property as it absorbs moisture &om 
tho air (Berzelius) 

According to E. Sehniid(Ann.Cb.Phai'm.xcvii. 226), the precipitate of calcic oxalate 
obtained by mixing neutral solutions of ehlorido of calcium and potassic oxalate, and 
left to dry for .i considerable time at ordinary temperatiucs in the air, or for n shorter 
time in vacuo over sulphuric acid, consists of G-'Ca"0''.2H''0 (water by analysis, 12 3 
per cent.; by calculation, 12'1) The precipitate thus obtained did not exhibit distinctly 
angular terminations, even wit}i a magnifying power of 300° , hut that w liich was pro- 
duced by slowly Bddin;j a solution of potassic oxalate to solution of chloride of calcium, 
exhibited under the microscope, dendrites and InmhiHi made up of oblique prismatic 
tables, and appeared to consist of a mixture of the hydi'atcs C*Ca"0'‘.2H“'0 and 
C^Ca'O* H’O. 

According to Sonchay and Lensson, oxalate of calcium, dried in the nir at ordi- 
nary temperatures, contains sometimes 1 at., sometimes 3 at water ; and when dried 
at 100°, always 1 at . half of which is given off at 180°, and tho remainder at a tnm- 
peraturo consideivihly above 200°; on exposing the anhydrous salt to the iiu', the 1 at, 
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■water is quiclcly i'oa.bsorbpd A salt with 2 at water does not ippear to exist — Ox- 
alate of calfiuin proeipitiited at the hulling he.it from n mixturo of sohitiona of ehlorido 
of calcium .ind oxalate of uinmoimim, contiuns G'‘Gn"0''.IP0 , so likewise when pre- 
cipltiiteil ill the oohl from concentiMtod solutions, whether neutral or alkaline ; but tjie 
salt preciputcd in the cold from dilute solutions, is always a mixture of C-Ca"0' H-0 
and G-Ga'O' lill-'O.— On .iililiiig a sm.ill qiuntitY of chloride of calcium to a saturated 
solution of oxalic iicid, a proeipitate is formed consisting of microscopic crystalline laminic 
mid coiitiiiniiig G-'Cu"0' H-'U ; and on adding n small quantity of ox.ilie acid to a hirgc 
excess of cliloiido of ealcmni, a gummy precipitate is obtained of the same composition, 
and iippiMiring under tlio iiueroscope as an imlistmet crystalline mass : but by adding a 
.small quantity of chloride of eulciiiin to a very dilute solution of oxalic acid, there is 
formed after awhile, n prceipitate consisting of square prismatic crystals of the tri- 
hj dr.ited Stilt, together n ith oblique pri'-matic (monochmcj crystals of the moiiohy- 
driitc, the former being in l.irgcr proportion as the oxalic acid solution is more dilute. 

The square prismiitie eijstiiK of c.ilcie oxalate occurring in plants {Mamillan'a quad- 
nspina, Circus umi/is, Mtlucuclus maemteanihus. &c ). arc, according to Schmid, 
C-Ga''0h3ll’0 , they give off two-thmls of their water, slowly when exposed to the 
air, more quickly in I'.U'cfied aii\ 

A solution of calcic oxiiLito in ■' -s ’ deposits crystals of the salt 

C-Ca'OMI-0 (E. .Schmid) y and Lonssen, this salt is 

deposited on cooling, when oxala 1 100°, to hydroclilorio and of 

specifie, gravity less than 1 10, in quantity sufBcient to saturate it, but if tho solution 
is not SiiUirated, it deposits after .some time, square prismatic crystals Coiiwstmg of 
C'Ca"0h3H-’0 — By .adding oxalate of calcium to warm hydrochloric acid, of specific 
gravity I'lO or higher, double s.ilts are obtained in soiilj' crystals, consisting of oxalate 
and chloride of c.ileium. With and of 1 20 specific gr.ivity^, Siinchay and Lenssen 
oht.ilned tho salt 4C*Ca"0''.Ca"CB 2 UI“0. Britzsche (Pogg. Ann xxnii 121), by 
a simil.ir' process obtained an oxalato-ohloride containing C-'Ca"ObOti"CF 7H''0, 
which was not obtained either by .Schmid, or by Souchay and Lenssen. 

With nitric and, oxalate of ealemin bohatesin the same manner as with hydrochloric 
acid, excepting that it is iiisolublo in stioiig mtno acid, and tliorofore does not yield 
any oxalatu-iiitr.ite (Sonehay and Lenssen) According to Schmid, a solution 
of calcic oxahite in hot mtrie acid, deposits mouoelinic l.imin.ti of the monohydrated 
salt, the last lunthor-liqiiors, however, yielding free ox.ilie acid 

OxAiATns OP CnaiuM. o Cirnin Oialate — Oxalic acid and alkaline oxalates 
added to oerons salts throw down hydr.ited coi ons oxalate in the form of a white powder, 
whieh, when heated in a dose vessel, gives off w.itor, carbonic oxide, and ciirbonio an- 
hydride, and leaves a mixture of ceroso-cerie oxide, with a small quantity of carbide of 
cerium (Berzelius). Tho salt, when prepared with ccrous oxide free from Linth- 
anum. eontaiiis 3 at water, which it does not p.!!-! with completely even at 269°. When 
more strongly heated, it le.ives a hlnek powder which takes fire in the .ur, and burns 
till it is converted into eerie oxide (Bo ringer, Ann, Ch Pharm xlii 143). The salt’is 
insoluble in water and m aqueous ox.ilic aeid (Berzelius) It dissolves without 
decomposition in hot nitrie acid, and crjatulhses out again on cooling. By leaving a 
solution of tlie salt in -warm inoderatelv strong nitric neid to evaporate dowly over caustic 
potash, it IS obt, lined in well-defined rhombohedrons Ifo acid suit is formed If the 
aeid is too strong, or heated to boiling, piurtial dacompositiou takes place. (Holzman n, 
J. pr Ohem Ixxxiv 81 ) 

Potassio-ccrous Oiulatc, C‘K°Ce"0'‘, is a white powder insoluble in water, and leav- 
ing when ignited a mixture of ceroso-ceric oxide and potassio carbonate (Berzelius). 
The insolubility of this salt affords a ready means of separating eeiiumfrom many other 
metals (i 832). 

/3 Ceric O.udute is iiisohible in w.itor, hut soluble in aqueous sal-ammonuie The 
solution when ovuporated first deposits a yellow powder, and then yields lemon-yellow 
crystals. (Berzelius) 

OXALA.TP.S OP CHEOMitiM. Neutral oxalate of ammonium forms With a Solution 
of chromic oxide in hydrochlonc acid, a pale green pulverulent precipitate —The solution 
of ehromio hydrate m oxalic acid prepared in the cold, has achorry-red colour i the 
solution prepared at the boiling heat is green, but becomes choiTj'-coloured on cooling. 
It dries up by spontaneous evaporation to a molet-black vitreous mass, but the green 
solution evaporated over the water-bath yields a green mass. The solutions are not 
precipitated either by ammonia or by calcium-salts, but give a precipitate with lime- 
water, and when hot -with potash 
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alSuline and earthy oxalates those solutions yield two series of double oxalates, 
Blue salts C"Cr“'M’0'» » 


and C‘»0r=iFO« 


( 0 = 6 =)®! 
g'M^ j 


0 - 


Bed salts C'Cr'"MO» = 

(C^'0=V] 

and C»Cii]yro>« = 

The formula of the red salts (containing alkali-metals) may also be written C®Cr'''M’0‘®, 


CCr’O'*. The two aeries of salts are analogous in composition to the acid and hyper- 
acid oxalates of potassium, C'iCEO* (tripled) and C®KO", the 3 at. hydrogen beuig 
replaced hy 1 at. trieqnivalont chromium. 

Ammomtmi-salU . — ^Tho bine salt, C‘Cr"'(NH*)''0'- 3H*0, is obtained by Batur.iting 
acid oxalato of .ammonium with chromic hydrate, and separates on evaporation in blue 
Boolos isomorphons with tho blue pohissic salt (H. Kopp). It dissolves m pt. 
water .at 16°, and in a smaller quantity of boiling water. 

The red snff C'Cr'"(NH‘)0’.4E-0, exiictly resembles tbs corresponding potassimn- 
salt, and is obtained in a similar manner. 

A)oiiii<H!/trounc Oxalate, C’Cr''’Ag”0'- |H’0, is deposited in dai’t blue shining 
ncedios when a mixed solution of eilvor-nitrate and hluo potussio-cbiomio oxalate is 
loft to evaporate. It dis.solves in 9 pts. of boiling water, and in a rather larger quan- 
tity of cold water 

Saryto-chovM Oxalate, C'®CV^Ba,=0’M2H'0, also with 18H®0 Precipitated on 
mixing a barium-salt with a solution of blue ammouio- or potassio-ohiomio oxalato, 
Small dark violet needles, nearly insoluble m cold water, soluble in about 80 pts of 

°'cimTolZmto Oxalate, C'’(!;r'“Ca’0’'.18ffO ; also with 36II”0. Dark violet silky 
needles, slightly soluble in water. 


Phimho-chroitnc Oxalate, C”Cr’Pii”0’'.li‘iH-0. Blue precipitate formed on mixing 
the solutions of acet.ito of lead and blue potassin-oliiomio oxalato, 

Potassio-ehroauo Oxalates — a Mae salt C“Cr'''K''0‘b3H“0. — Prepared by saturating 
a boiling solution of acid potassio oxalate with chromio hj^drato, or by dissolving, with 
aid of beat, 1 pt acid chromate of potassium, 2 pts acid oxalate ol potassium, and 
2 pts. oxalic aeid in 1 pt. of water. In tUelatter case the chromic acid is first reduced to 
chromic oxide by the oxalic acid, whence there results a disengagement of ciubonio an- 
hydride. Tho salt crystdliBcs in large monoehnio prisms, black by reftection, and of 
a flno blue colour by transmitted light The dominant faces aie coP, [ <»Pf ], [ osPco ], 
ooPeo , and the prisms .ira terminated at tlie ende by the faces + P equally developed, 
(likeilg, 30, CBrsTaM.oGiui>KT, 11. 165), or with -i-Por +Pco predormnaut. Tiatio 
of axes a • i : o 0 999 1 . 0 395 Angle of axes = 86°, +P +P m tho 

acute olinodiagoual terminal edges = 138° 48' , — P — P in the obtuse edges =. 140° 
34'; +P : -P in the orthodiagonnl terminal edges = 139° 42', +P • —Pm 
the basal edges =. 58° 19', «P . oiP = about 90°, [cePf] : [«,P|] in tlie 
qrtbodiugonal piiiicipal section = 112° 30'. 

The salt dissolves in 6 pts water at 16° , the solution is green by reflection, red by 
tranBinission. If boiled and then evaporated it leaves a groon .imorphous residue, 
which however, if redissolved in water, again yields blue crystals on ovaporatiou. The 
salt gives off 11 per cent, w'ater (3 at ) at 100° 
fl Red salt, 0*Cr"'KO* 4H’0. — Obtained by satui-ating hyperacid oxalate qund- 
roxalate) of potassium with chromio hydrate GrystaUisos in small rhomboVdal t^lets 
OP dark-red grains (Croft, Phil. Mug [3] xxi 197) The crystals urn monoclmie, ex- 
hibiting the dominant combination or. ooP. [oo;P2 ]. mPdo . [ coPco ] . + P® — P®. 
Eatio of axes a-.h-.c =. 0 8061 1 -. 1 11683 Anglo h a = 70° S3' ; ceP 
(elinod.) = 81° 17', [aP2] : [aiP2] = 46° 27': oP : «P = 120° 41', oP : 
— P® = 142° 26'(Eammelsbcrg, Pogg, Ann xciii 24). The crystals dissolve iu 
rather more than 16 pts of cold water ; the solution in cold water is olierry-coloureil ; 
that made with hoUlng water is blackish-green. The solution if boiled and then left 


DDiic chloride = OrCl®. 
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to itself for a few days, deposits gamet-red crystals, but if evaporated immediately over 
the water-bath, it leaves a greeu amorphous mass, 

Sodio-chmnto Oxalates. The iiiicfiaft,0*Cr"'Na’0'*.§H*0, is obtained in hexagonal 
plates or rhomboidal pnsms by saturating a boiling solution of acid sodio oxalate 
with ohronue hydrate. The crystals are black by reflection, deep blue by trens- 
nussion, slightly efflorescent, very soluble m water (Berlin), ThOT are monoclinic, 
exhibitmg the combination oP . + P . — P . ooPoo . [ ooPoo ] . ooP Eatio of axes 
a.b:o = 0-7218 1 . 0 8803. Angle i : o = 79° 20'; oP : H- P = 120°; oP : 
- P =. 128° 12'; oP aP = 96° 20', ooP . odP (dinod.) 73° 26’. Cfleavage 
perfect parallel to oP. (Rammelsberg.) 

According to Eummelsherg, a solution of chromic hydrate in aoid sodio oxalate yields 
first a red and afterwards a blue sodio-ehromic oxalate, the two salts having the same 
compoaitiou (?), and the rod salt also forming monoclinio crystals. 

OxAiiATES 01 - CoBAnT. a, Gobaltoua salts, — Neutral cobaltous oxalate, 
C®Co"Ot2IPO, obtained by digesting the carbonate -with excess of oxahoaoid, is aroso- 
rod powder, nearly insoluble in water and oxalic acid, easily soluble in aqneous ammonia. 
A blue basw salt, C=ao"0* 2Co''ff 0“, is obtained by treatmg cobaltous oxalate with 
boihng aqueous oxakta. 

A ;potaasio-eobaltoua oxalate is obtained in rose-eolonred rhomboidal crystals insoluble 
in water, by dissolving cobaltous oxalate in a boihng solution of the neutral potassio 
salt. Cobmtous oxalate dissolves also in a hot solution of the acid ammonium-salt ; 
but the hquid when left to evaporate deposits rose-coloured sparingly soluble crystals 
containing only a small quantity of cobalt. 

Oxalate of Cobali-nicM-ammontmn, 2[O‘(Oo"»l»H«);'(Ni"N*H»)"O'>].0H«O, was ob- 
tained by Eautenberg (Ann Ch, Pharm oxiii. 360) in separating nickel and cobalt 
by Laugier’s method (i. 1039), being deposited after some weeks from the ammoniacal 
solution ftom which the greater pact of the nickel-oxalate had previously separated. 
It forms transparent cherry-rod tridinio pnsms which give off all their -water of 
crystallisation at 100°, crumbling to a brick-red powder, and ammonia at 180°. It is 
insoluble in water, easily soluble in ammonia, the solution when left to evaporate, 
depositing oxalate of mckel-amniouium while a cobalt-snlt remains in solution. 

j3 Oobaltio salts. A solution of cobaltous oxalate in strong aqueous ammonia 
left to evaporate in contact with the air deposits large deep-red crystals containing, 
aecordmgtoL G-melin {HandbooJc, ix. 162) 3C’0*.12NH*.Co’0''.3H*0, whichmaybe 


(c»6«)V 

represented by the formula i ^ 


The crystals are sparmgly soluble in 


water and in aqueous ammoma, and when boiled with potash, give off ammonia and 
deposit brown peroxide of cobalt. 

Other ammoniacal cobaltie oxalates are described under ConAnT-BASEa, Ammohiaoai, 
(i. 1061). 

Oxalates of Coepee. Neutral cupno Oxalate, 2C’Cu"O*.H®0 (aeeordmg to 
Lowe, Jahresb. 1860, p. 248), is a light greenish-blue precipitate, insoluble in water, 
nearly or quite insoluble in oxalio acid, bnt easily soluble in the neutral oxalates of 
ammonium, potassium aud sodium It does not give off the whole of its water oven at 
120°, but decomposes at a somewhat higher temperature. 

Ammomo-otiprio Oxalate, 0\NH‘)''Cu"O*.2H’O, obtained by dissolving cupric oxalate 
in the neutral ammomum-salt, or cupric oxide in the acid ammonium-salt, forma dark 
blue rhombic plates permanent in the am, sparingly solublo in water, -with partial 
decomposition. 

Oxalate of Ou^rammonmm, C®(N“H“Cu")"0*.II*0, is obtained, by evaporating an 
ammoniacal solution of cupne oxalate, in short flattened hexagonal prisms, of a dork- 
blue .colour ; it effloresces on exposure to the air, giving off water and ammonia. 

Oxalate of Copper and Cuprammonhm, C'Cu"(N''H“On")' 0", is deposited as a skqr- 
bluo cryatalliue powder when ammonia is treated with a larger quantity of cupne 
oxalate than it is oapahlo of disBolving 

Lxfhio-cupno Oxalate, C^Li^Cu"0* 2H“0, is deposited in blue crystals hy spontaneous 
evaporation of the solution obtained by boiling acid hthic oxalate with cupric oxide ; 
when redissolved in water, it suffers partial decompotdtion (Troost, Ann. Ch. Phys 
[3] h 103). . 

Potassio-mpno Oxcalati oiystalliscs in blue rhombohedrons, C*K’Gu"0“ fllPO, spar- 
ingly soluble in water, or in flattened needles containing 0*K'0a"0". iH*0. It is 
doeomposed by boihng water, with separation of cupric oxalate 

Sodio-cupnc Oxalate, C'Na“Cu"0“ 2H“0, forms dark sky-hluo often flattened needles 

Oxalate of DinTMinju. C’Di"0*.H'0; also with 4H’0. — ^Pulverulent and 

VoL. IV S 
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■wWte, -witli a alight tinga of Toaa-colour, -whan preoipitotod from neutral solutions ; but 
when redissolyed by tlie lud of heat in excess of iiitnc or hydrochloric acid, it separates 
os the liquid cools, in the granular and eryatalhno state, sometimes even in small, rose- 
Colourod, roctnngnlor pnsms terminated by four-sided pyramids with their faces resting 
on tlio edges of the pism Tins salt is eonipletol^ insoluble in water, and nearly iu- 
Boluble ill oxalic acid and in very dilute mineral acids The air-diued salt (with 4 at. 
water) gives off about 20 per cent water at 100°, leaving the raonohyiiated salt! 
(Marignao, Ann Ch. Phys. [3] xxxviii 176.) 

OxAiiATB OP 0LirciNUM remains, when its aqueous solution is evaporated, as a 
transparent gummy mass, possessing the sweetest taste of all glucinum-snlts. 
(Vauquolin) 

Amimonw-glucimc OxMe, C‘(NH*)’G"0“, forms tnmetrio crystals exhibiting the 
combination oolfoo . mPeo . oP . P . 2P . ooP . Poo . Poo 21*00 . itco . Patio of 
axes a. b:o ~ 0-8769 • 1 1 7413. Inclination of the faces, P . P m the brachy- 
diagonal principal section = 121° 60'; m the macrodiagonal =■ 111° 24', in the 
basal section = 98° 44', 2P ; 2P in tliese three sections = 106° 66'; 93° 10’ and 
132° 4'; - ooP: oofeo = 138° 47' ; oP : jfoo = 143° 27', oP : Poo a 139° 45' 
(S6uarmont, Jahresb. 1867, p. 298 ) 

Oxalates op Ikon. a. Ferrous salts. — ^Ferrous oxalate oecurs as oxalite 
or humboUtine, 20»Pfo'’0*.3II*0, m deposits of lignite. It is very soft, and crumbles 
between the fingers, has a density of 2 13 — 2-489, yellow colom-, dull or slightly 
rcsiuous lustre, and when insulated acquires ne^tive electricity by friotion. *WTien 
thrown on red-hot coals it emits a strong vegetable odour and leaves a residue which 
is attracted by the magnet. It is fofcud in lignite at Kolosonik in Bohemio, at Gross- 
Almerode m Hessm, and in shale at Capo Ipporwashm Upper Canada (Dana, u. 466), 
It appears to have been formed by tho decomposition of succulent plants. 

Iron diBsolvos in oxalic acid, with evolution of hydrogen, and the liquid which 
has a sweet asti-ingcut taste, gradually deposits ferrous oxalate as a light-yellow 
powder This salt sep,irates also in small sliming yellow crystals containing C*Ffe"0b 
3H*0, when ferrous sulphate is precipitated by oxnho ootd or neutral oxalate of 
potassium , also when a solution of ferric oxide in oxalic acid is exposed to sunshine. 
It IS nearly inaolublo m cold, very apai-mgly soluble m boiling water According to 
Souohay and Lenssen, tho dihydi-ated salt dissolves in 4,600 pts. of cold and 3,800 pts, 
of hot water. 

Wben the dihydrated salt is heated with the strongest sulphuric aoid (H®S0*) oar- 
1)0010 oxide and carbonic anliydride are evolved and pure ferrous sulphate remains lu 
the foim of a soft white powder. But if the same salt be heated with dilute sulphuric 
aoid, tho liquid after coolmg yields crystals of oxalic acid, and ferrous sulphate lemains 
in solution, — When ferrous oxalate 13 dissolved to saturation in strong hydroohlorio acid 
at a boilmg heat, tho bquid when quite cold, deposits large transpai-ont crystals of 
oxalic aoid, and afterwards crystals of ferrous chloride. (Souohay and Lenssen.) 

If ferrous oxalate be added to boihug solution of caustic potash, the boihug heat 
being oontinned for some time, a velvet-blaok precipitate of ferrous oxide is produced, 
which however soon passes on the filter to a higher state of oxidation. Ferrous oxalate 
boiled with a concentrated solution of acid carbonate of potassium, yields a perfectly 
white precipitate of ferrous carbonate, which hkewiso oxidises quickly dm-ing washing. 
(Bottgor, J. pr. Chem. Ixxvi 238 ) 

Aeid salit A solution of iron in oxalic acid, yields before complete saturation, 
greemish-yellow, very soluble, efflorescent pnsms which appear to be an acid ferrous 
oxalate, or according to Ban-csivi], a, ferroso-ferno oxalate. 

Potassio-ferrous Oxalate C^K“Ffo"0*.2H*‘0 — A solution of ferrous oxalate in 
oxalate of potassium, deposits, when mixed with alcohol and loft to stand for 24 hours, 
oily drops of this double salt which soon solidify. (Souohay and Lenssen ) 

jS. Ferric salts When feme hydrate is treated with a quantify of aqueous oxalic 
acid not sufficient to dissolve it, a yellow powder is formed nearly insoluble in water, 
and apparently consisting of neutral ferric oxalate. Tho same salt is precipitated on 
adding a small quantity of neutral potassic oxalate to a feme salt. It dissolves m 
oxahe aeid, forming a solution which, when exposed to sunshine, gradually assumes a 
greenish-yellow colour, gives off carbonic anhydride, and deposits crystals of ferrous 
oxalate tul it becomes quite colourless. 

Feme hydrate dissolves in the acid oxalates of the aUcali-metals, forming double salts. 

Ammonio-femo Oxalate, G“(NB[*)*Fe"'0“ — A hot solution of ferric hydrate in aeid 
oxalate of ammonium deposits this salt on cooling in small, anhydrous, rhombic octa- 
hedrons, having a groemsh-whita oolour and turning yellow when exposed to Hght. 
The salt dissolves in 1-1 pt. water at 20° and in 0 79 pt. boiling water. The aqueous 
solution exposed to sunshine gives off carbonic anhydride, and deposits ferrous oxalate 
in the form of a yellow powder. 
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Barpto-fm'rio Oxalate, C'^i'aWO^.effOm, is precipitatedou mixing ft conoontrated 
solution of the ammonio-ferrie salt with eUonde of banum. The precipitate mystallisea 
from boilmg water in gresmBh-yoIlow silky needles. ^ 

Calmo~fomo Oxalate is an unerystallisable precipitate. 

Poiassio-fema Oxalate, C“K’Fa’''0'’.3H^0, erystaUiscs in flattened prisms or scales 
of an emerald-green colour, whicli effloresce in diy air, and decompose quickly when 
exposed to light, depositing ferrous osolato. It is isomorphous with the blue potassio- 
chxomio oxalate, (H. Kopp.) 

Sodio-femo Oxalate, C“lSa>iV"0'*.3E=0, also forms green crystals moderately soluble 
in water. The ciyatala are monoelinic, the dominant faces being oP, +P, — P, 
coP, Ratio of axes a : * : 0 = 0-7304 : 1 : 0 877. Angle S : a = 79° 44', »P : 
ooP (chnod.) = 73° 10'; +P : -tP (chnod) - 91° 12'; -P ; -P in the 
same = 101° 22'; -t Pi - P (basal) - 111° 43' : oP : -t P = 119° fi8'; oP: 
— P «= 128° 19'. Cleavage easy parallel to oP. (Eammelsberg) 

' Strontio-ferna Oxalate is an uneiystalhaable precipitate. 

OiALATB OF Lantbahtiii C''La"0*. — ■'White precipitate insoluble in water 
nearly insoluble in oxalic acid, easily soluble in nitric acid, separating from this solution 
like the cerous salt (p 256) in weh-deflned rhombohedrons. (Holzmunn.) 

Oialatbs of iiBAD. — The neutral salt, C*Pb"0*, is awhite precipitate insoluble 
in water and in acetic acid, but soluble in nitric acid. It dissolves also at the boiling 
heat in aqueous chloride, nitrate, and sucemute of ammonium, but is insoluble in caustic 
ammonia, and in the carbonate. The dry salt heated in a retort placed in an oil-bath, 
decomposes at about 300°, riving off a mixture of 3 vol. 00° to 1 vol CO, and leaving 
a residue of suboxide of lend. (Polouze, Ann. Oh. Phys. [3] iv. 104) : 

2C°Pb"0' » 3CO» -h CO + Pb‘0. 

A basie oxalate of lead, C’Pb"0' 2Pb"0, is obtained as a white powder by precipitating 
a solution of basic acetate of lead with neutral oxalate of ammonium, or by boiling 
neutral oxalate of lead with the hasic acetate (which is thereby converted into neutnu 
acetate). It is precipitated in small shining Inminse on mixing a boiling solution of 
oxamide with nitrate or acetate of lead containing a little ammoma. It absorbs car- 
bonie acid from the air, and is ultimately converted into a mixture of carbonate and 
neutral oxalate of lead 

Potassio-phmlno Orric/e.— Acid oxalate of potassium digested with hydrate of lead 
dissolves a small portion of it, and the solution yields small needles which are per- 
manent in the air, but are decomposed by alkahs. (W euzol,) 

Oxalaio-mtratea of Lead.— a. The normal salt, 0°Pb"OhH°Pb"O*.2H*O = ( C°0°)" i 0* 

(NO°)° j 

.2H°0, is produced by pouring a solution of neutral lead-acetate into a mixture of 
dilate oxalic and a large quantity of nitric acid, or dilute oxalic acid into a mixture of 
dilute load-acetate and mtrio acid; also when oxalate of lead is dissolved in dilute 
nitric acid, or boiled wjth a strong solution of lead-nitratc. It forms rhombic or hex- 
agonal plates having a nacreous lustre; is slowly decomposed by cold, quickly by boil- 
ing water. (I ohnston, Phil. Mag. [3] xiii. 26.— Duj ardin, J. pr. Chem. xy. 308 ) 

PV V 

jB. A basic salt, 0W0‘.3N’Pb"0".2Pb"0.3H°0 = ( 0*0°)" \ 0'».3H*0, is formed 

(NO*)« j 

when oxamide is boiled with a strong solution of lead-nitrate mixed with ammonia, 
and separates in white shining ciystaUine grains, which must be washed with cold 
water and dried in a vacuum. If the boiling bo too long continued, while the liquid 
still ooutaina neutral nitrate of lead (which thereby becomes basic), the salt |3 is cqu- 
verted into o. The salt jS is also formed when hasic oxalate of lead is boiled witli a 
solution of lead-nitrate in a double quantity of water, the ebullition being stopped 
before ^ is converted into n. (Pelouze, Ann Ch. Phys. [2]lxiix. 104.) 

OxAUATES OF LiTHivK. — ^TheMsiitrri srii, CPLiW, obtained by saturating a hot 
solution of oxalic acid with carbonate of lithium, separates on coohng in indistmet 
nodulous anhydrous crystals ; it also separates in the anhydrous state fr-om its aqueous 
solntiou on addition of alcohol. 1 pt. of it dissolves in in 13 1 pts. water at 19-6°. 

The aezd salt, C*BIii0<,H*0, fonns large tabular crystals which dissolve in 12 8 
pts. water at 17°, give off their water of ciystalhsation at 100°, and oxalio acid at 160°. 
^Souohay and Lansson.) 

Oxalates OF MAQirBsitrii, C*Mg"0*. This salt is best prepared by neutral- 
ising oxahe acid with carbonate of magnesium and washing with cold water; when 
precipitated from a magnesium-salt by oxalate of potassium, it always retains a portiou 
of that salt, Prepared by the first method, it is » whifo sandy powder consisting of 
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OTe’'0*.2II®0, BoluUe in IfiOO pta of water at 16° and 1300 pts. of boiling water. It 
gives off 1'6 per cent, water at 100°, and does not lose the whole of it even at 140° , but at 
150° it becomes anhydrous, at the same time, however, suffering partial decomposition. 

1 No acid oxalate of magnesium or double oxalate of magnesium and sodium appears 

Am'mamo-maqnesmn Oxalates . — concentrated solution of chloride of magnosiuin 
forma, with oxalate of ammonium, a precipitate of oxalate of magnesium, which always 
contains small quantities of the double oiudato of magnesium and ammonium. But a 
dilute solution of ohlorido of magnesium mixed with oxalate of ammonium, especially 
if a little caustic ammonia is added, yields, after standing for some time, erystaffino 
crusts, couBistmg of oxal.ite of maguesiura and ammonium and oxalate of ammonium 
in equivalent proportions, varying accordm^ as the magnesia or the oxalate of am- 
monium predominated in the liqmd , they dissolve m water with separation of oxalate 
of magnesium. 

а, G<Mg"(NS*)’0".6C*(NH'‘)*0*,9H*0. — Obtained by addmg oxalate of ammo- 

nium to a magnesia solution, rendered strongly alkaline by ammonia, and then mixed 
witli a quantity of sal-ammonmc sufficient to redissolve the precipitate,— m such pro- 
portion, that the magnesia may bo to the oxahe acid as 1 : 12 6. 

(Souehay and Lenssen.) 

6 6C*Mg'INH^/0“.8C^(NII^)W.24:ffO — ^By mixing a magnesia solution with 
oxalate of ammonium, in such proportion that the magnesia may be to the oxaUo acid, 
as I'O , 0 3. (Souehay and Iionssen.) 

7, O^Mg (Nff )W4CXNH70h8H’0 (Souehay and Lenssen); mth 2H»0 
(Kaysor, Pogg Ann.’ lx 143). — ^Prepared by gradually adding recently pre- 
cipitated oxalate of magnesium to a boiUng concentrated solution of oxalate of am- 
moiiimn, tUl the former no longer dissolves, even after long boiling. On filtering hot^ 
and leaving the liquid to cool quietly, the salt 7, separatee in hard, warty, crystaihne 
crusts, having the appearance of enamel, slightly translucent, and offloresomg in the 
air. It dissolves pretty readily in water, with partial separation of oxalate of mog- 
nesmm , in ammoniaeal salts itforms a clear solution. — At 100° it gives off 13 3 per cent 
(rather more than 6 at ) water; at 120°, 7 at. m all; at 140° it begins to decompose 
and a'isume a brownish tmt. (Souehay and Lenssen ) 

S C’Mg"(NH*)’0“ 60*(NH'‘)°O< 8H’0. — ^When the mother-liquor ftoin which the 
preceding salt has crystallised is mixed with a little water and ammonia, and set aside 
for some weeks in the cold, it deposits milk-white omsts, which dissolve in water with 
partial decomposition, the solution becoming turbid. It gives off 12‘16 per cent, (about 
8 at.) water at 100°. (Souehay and Lenssen.) 

б. C<Mg'(NHW.2C^g"042ff0 or C''M|«(NH70>« 2H=0, is produced, according 
to Brandes (Schw J. urn 18), when aqueous chloride of magnesium is mixed with 
neutral oxalate of ammonium, especially in presence of excess of ammonia, and is grad- 
ually deposited in erystoUmo crusts. Souehay and Lenssen did not suooeedm pre- 
paring this salt 

Foiassw-magneszc Oxalate, C*K’Mg"0'.6H’O. — ^Deposited in white noodles when a 
strong solntion of nentral potassio oxalate is boiled with recently precipitated oxalate 
of magnesium, and the filtered hquid la left to cool It effloresces quickly m the air, 
13 lusoluble in cold water, and is decomposed by hot water with separation of oxalate 
of magnesium. (K ay s er, loc. cat ) 

OxALATB OP Manganese — ^T his salt, whether prepared by precipitating t^e 
sulphate or chloride of manganese with oxalic aqid, or by treating the carbonate of man- 
gaueso or manganoso-manganie oxide with oxalio acid, contains, in the air dried state, 
I at water, Souehay and Lenssen (Ann. Ch. Pharm on 47) found in it, 37 55 
par cent. MnO, the formula 2G°Mn"0h6H’0 requiring 37’83 per cent 1 pt. of this 
hydrated salt dissolves in 2460 pts. of cold, and in 1250 pts. of hoihng water , hut the 
solubility is very greatly increased by the presence of a trace of potassic or ammomo 
oxalate. At 100°, according to Souehay andLenssen, it gives off aU its water (as 
previouslyfoundby Liebig, Ann Ch Pliarm xcv 116). 

These results are at variance with those obtained by other chemists. According to 
Graham, the salt contains 5 at. water, the whole of which it retains at 100° ; accord- 
ing to Hauamann and Lowenthal it coutams, after drying at 100°, 2 at. water. 

According to H. Croft (Chem. Gaz. 1867, p. 62) the quantity of water contained in 
manganous oxalate varies with the temperature at whidi it is precipitated Hot con- 
centrated solutions of manganous sulphate and oxaUo acid yield a nmito granular pre- 
cipitate consisting of C’Mn"0' 2^0, which does not give off any water at 100°. 
(Tins agrees with the statement of Hansmann and Lowenthal ) In a solution of 
manganous sulphate in 30 pts. of water, oxahe acid produces a precipitate which W a 
hunt violet colour, hut in a few days becomes white and granular, and exhibits the 
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same composition. Wlien manganous sulphate dissolved in 30 to 100 pts of water is 
precipitated by oxalate potassium, a pale violet erystalline precipitate is obtained, re- 
sembling bensoio acid and containing 0'Mn"0'‘ 3H®0 It is unalterable in the air at 
Ordinary temperatures, but at 100° gives ofFl at water and turns white. 'Wlieu heated 
for some time in the air, it yields red cryatnUine m.ingimie oxide (Croft) — These sUte- 
monts lire conflrmod by Corgen (Compt. rend, xlvii. 929). Oiuilie acid mixed with 
cxeots of manganous sulph.tta in the cold, yields rose-coloured (irismatie needles of the 
salt C*Mn"0(3H*0 : but when a very hot solution of oxalic aoid is mixed with a hot 
solution of a manganous salt till a precipitate begins to form, and the liquid is then 
left to cool, white flattened octahedrons are obtained, consisting of CfiMn O' 2H''0 — 
Tile red salt, when dried in the air, gives off 1 at. water and turns white , but in vuciio 
and oven at 96°, it retains its red colour, although it loses the greater part of its water, 

Ammotita-DMnganoKB Omhte . — Oxalate of manganese forms, with oxalate of am- 
monium, a senes of double salts varying in composition according to the degree of dilu- 
tion and tlie proportions in which the constituent salts uro mixed. 

a C'Mn"(NK')*0’ 2H’0 is obtained by adding ox.ilato of manganese to a boiling 
saturated solution of oxalate of ammonium, and filtering the rose-coloured solution while 
still hot. The crystalkuo crusts composed of microscopic square prisms, which first 
Boptirato feom the liquid, consist of the salt a. The mothor-liquor yields crystals of 
dinorent composition, (Souohay andLensson ) 

0‘Mu''(NH*)''0®.C*(Nit*)’0' 4H?0 — ^The mother-liquor of the salt a, filtered 
and left to itself for twenty-four hours, deposited crystalline crusts consisting of micro- 
scopic prisms which gave by analysis 16 24 per cent MnO and 46 20 CO", the formula 
of salt jS requiring 16 37 5InO and 46 63 CO' 

y. CMn"(NH*)'0'.4C(NH')'C8H»0.— The mother-liquor of j8 mixed with water, 
yielded, after standing for a day, crystalhne crusts contamuig 7’44 per cent MnO and 
47 48 per cent. CO* ; the formula 7 requires 7‘84 per cent MnO and 47'67 CO*. 

S. The mother-liquor of 7 deposits, after standing for some time, eiystallirie crusts 
containing 6' 19 per cent MnO and 49 82 O'O', agreeing with the formula (3‘Mn"(NH')'0’. 
0'(NH*)'0' 8H»0, whioli requires &-\1 MuO and 49-86 CO'. 

All these salts are decomposed by water and effloresce rapidly in the air. The 
colour IS reddish or white according to the proportions of manganese contained in them. 
Those which contain a large proportion of manganese separate in smiiB prisms, while 
those with a smaller quantity of manganese are deposited in crystalline crusts or 
nodules, and al-ways after the solution has been left at rest fur some time. (Soncha y 
and Iienssen.) 

e. Oxalaie of Manganm and Mangammmonium. 0'Mn''(N'H'Mn")"0‘.6H'0 — 
When a boiling solution of oxalate of ammonium is saturated with oxidate of manganese, 
the liquid flltorod, and ammonia added till the filtrate smells slightly of it, a white or 
slightly green orystallme powder is precipitated, consisting of transparent microscopio 
crystals, which have the form of square prisms, but are so much truncated that they 
are scarcely distinguishable from cubes. (Sonohay and Lenssen.) 

Winkelbloch assigned to a salt prepared in a similar manner, the formnla 4KH*. 
C‘Mn"(NH*)*0*.2CMn''0‘.8H'0, the aeouraoy of which is called in question by 
&m&\\-a{Handbooh, ix. 147). The salt decomposes quickly in contact ivith water, 
turning brown and absorbing oxygen. At 100° it gives off 6 at. water, assuming at 
the same time a faint brown colour (Souchay and Lenssen.) 

Potassio-manganous Oxalate, 0*Mn"K.'0'.2H'0 — Obtained in reddish ornsts by 
adding manganous oxalate to a boiling concentrated solution of oxalate of potassium, 
and leaving the filtrate to cool. Gives off aU its water at 100°. (Souchay and 
Lenssen.) 

Fotassio-mangamo Oxalate is host ohtamed by saturating 3 pts. of oxalic acid with 
cai-bonato of potassium, adding 4 pts of oxahe acid, and then peroxide of manganese tUl 
the liquid exhibits but a faint acid reaction. The purple liquid thus formed is very 
easily decomposed by light and heat. Mixed with alcohol in the dark and in a vessel 
externally cooled, it deposits potassio-manganic oxalate (prohahly C‘Mn"'K'0''.3H'0), 
in pm-plo-red crystals which however cannot he dried without decompo«ition. (Sou- 
chay and Lenssen.) 

Sodio-manganotis Oxalate. Oxalate of manganese dissolves pratly freely in warm 
oxalate of sodium, and the solution deposits crystaUme crusts containing variable quan- 
tities of manganese, and probably consistmg of sodio-oxalute having oxalate of man- 
ganese mechanically inclosed within it (Souchay and Lenssen.) 

Oxalates or Mebouey. — o, Mercurous Oxalate, CHg^O', is obtained in 
the anhydrous state by heatingmercuneoxalate to 164°. It is also produced byheating 
merairons mtrate -with excess of oxalic acid, as a white precipitate, which is insoluble 
even in hot water, and obstinately retains hygroscopic water, from which indeed, it 
cannot be freed without decomposing into merciirie oxalota and metallic mercury ; this 
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decomposition taking place at 100®. Tlio same products are obtained when merenrons 
oxide m heated with oxalic acid — Tho anhydrous salt obtained by the first method, 
begins to decompose only at 176° (Sonchay and Lenssen) According to Harff 
(K. Br. Arch. T 264) morcurous oxalate obtained by precipitation and dried at 100° 
contiiina C2Hg’0bH=0. 

Mcrcuroii.s oxalate is insoluble in oxiilio acid, easily soluble in hot nitno acid , in 
cyanido and sulphocyanato of potassium, it dissolves very easily, with separation of 
metallic mercury: it is also somewhat soluble in iimnionia-salts. Heated with oxalate 
of potassium, sodinm, or ammonium, it forma double mercuric oxalates, with separation 
of mercury. It detonates when heated. — With ammonia it forms a greyish-hlack 
powder, supposed by Harff to be SHg’O 2NH” C=0“ , it does not however appear to be 
of constant composition. (Sonchay and Lenssen.) 

Mercuric Oxalate. — Obtained pure as a white amorphous powder, by 

adding a solution of mercuric nitrate to excess of oxahcaeid, or by prolonged digestion of 
yellow mercuric oxide with oxaUc amd (Sonchay and LensseiO It is decomposed 
hy heat, giving off carhonic anhydride and metaUic mercury. When diy, it detonates 
violently on being rubbed It is easily soluhlo m hydrochloric amd, less soluble in 
cold nitne acid, insoluble in oxahe acid. Decomposed by carbonate and phosphate of 
sodium. Heated with solution of sal-ammoniae, it gives off carbonic anhydnde, and 
yields oxalate of ammonium and mercurous chloride. (Souoliay and Lenssen ) 

Ammmio-^tercitrlo Oxalate. C‘Hg"(NH*)’0“.2ff O — ^Pieoipitated on adding recently 
precipitated mercuric oxalate to a boiling concentrated solution of neutral oxalate of am- 
monium, in white microscopic needles, easily decomposed by hght and heat. Loses 
12 5 per cent, of its weight at 100°, and decomposes with a hissmg noise at a higher 
temperature, Icavmg no residue. It is decomposed hy water, and does not dissolve m 
alcohol or ether (Sonchay and Lenssen.) 

Oxalate of Tctra-tiiereurammomim has been already described (iii 918). 

Potumo-mereuno Oxalate. C^Hg"KW2H’0 — Prepared like the preceding. Small 
white, beautifully iridescent crystalline scales,_ which under the nuci’oscope appear like 
square prisms. It is decomposed by water gives off water, and turns black at 100° j 
and IS partially decomposed by light. (Souchay and Lenssen.) 

Mercuric oxalate does not dissolve m oxalate of sodium. 

OxiLATE or UIoLYnDBKUM (Berzolius, Pogg. Ann. vi. 348). MolyMoua 
Oxalate . — ^Dark grey precipitate, which turns black when dried, and is qiaringly sol- 
uble in excess of oxalic acid 

Potaaaio-molyhdoxis Oxalate is purple and solnblo in water. 

Molybdic Oxalate crystallises in blaelush-blue crystals when the aqueous solution is 
left to evaporate spontaneously From its solution in water, which is red, ammonia 
throws down a pale bnck-red, baatc salt iusoluble in excess of ammonia. 

Potaasio-molybdic Oxalate formed by digesting molyhdio hydrate in salt of sorrel is 
soluble in water. (Berzelius.) 

Molybdoao-molybdio Oxalate. !Blue oxide of molybdenum dissolves in oxalic acid, 
forming a bine solution which leaves a blue maes when evaporated, becomes green 
when diluted with a small quantity of water, hut brown on being mixed with a inTn-n 
quantity. (Heyer, Crell Ann. 1784, ii. 14) 

Oxalato-mlybdio acid is formed by digesting molyhdio trioxide with aqueous oxalic 
aoid. The solution, which is colourless oven when the molybdio acid is in excess yiel& 
on evaporation a colourless jeUy which hocomos crystalline without further dessieation, 
dissolves in water, and with yellow colom' m alcohol (Berzelius ) The aqueous solu- 
tion of .salt of son-el readily dissolves molyhdio acid, forming a non-crystaUisablo 
oxalate nwlybiate of ’potaasiwm. (Berzelius.) 

Oxalate oi- Niciei., C*Ni"0''.2B?0. Greenish-white precipitate insoluble in 
water, soluble in ammonia and in ommomacal soltB. It dissolves also in potash, form- 
ing a crystalhsahleyiofassio-uioM-oaia^aifc. 

Neutral oxalate of ammonium dissolves oxalate of nickel, and the solution yields by 
evaporation green pnsms of ammomo-mcM-oxalaie. On adding to the aqueons solution 
of tins salt a small quantity of ammonia, a pale green precipitate is formed, consisting, 
according to Winokelblech (Ann Ch. Pharm. xhi. 278\ of oxalate of meM and 
nicM-ammonium, C*Ni”(N*H“Ni")''0“ 6H'0. 

Oxalate of jNioiel-oobalt-ammonium, (see p 268). 

OxALATB OE PALLADIUM. — A lk al i ne oxalates added to a solution of palladious 
nitrate, form a light yellow precipitate. 

Ammomo-palladima Oxalate, C‘Pd"(NH<)’0“.2H?0, obtainedbydissolying hydrate or 
carbonate of paUadinm in acid oxalate of ammonium, crystallises in bronze-yellow rhom- 
boidal pnsms containing 2 at water, or sometimes in needles containing 8 at. water. 

Oxalates oe Platinum, a. Mahnoaa s««.— Platinate of sodium diBSolvcs 
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supposed by Doberemor (wbo did not analyse them) to be platmous oxalate ; but, 
ueeoiiliiig to Souobay and Lenssen, they contain 44 '4 per cent, platmous oxide, and 12 OO 
soda, agreemg nearly -with the formida of sodio-platmiius oxalate, C*lSra-Pt''0®.2H''0. 
This salt, when moist, is decomposed by exposure to the air; it dissolves in hot water, 
foiming a greenish solution, winch becomes blue on evaporation, and is decolorised by 
hydrochloric acid. It is insoluble in alcohol and in ether (Souehay and lenssen). 
It explodes when heated. (Dobereiner.) 

(3. Platinic salt . — ^According to Bergmann, the precipitate formed by soda in solution 
of platmio chloride dissolves in oxalic acid, forming a yellow solution which yicHs 
crystals of the same colour; but they have not been analysed. 

The oxidates of the platmammoniums will be described under Platinum-bases. 

Oxalates ov Potassium, a Afeiifraf soft, CTC*0^ H=0 — Obtained by saturat- 
ing either of the acid salts with carbonate of potassium. It forms transparent crystals 
very soluble in water, insoluble in alcohol, and giving off their water (9 7 per cent ) at 
1G0°. The crystals are monochnie, and often have their faces twisted, so that they 
exliibit concavities and convexities. Dominant faces, -i- P . — P . ooPco . + Poo . 
- Poo . oP. Eatio of axes, a b-.o 0-6748 1 • 1-1672. Angle of axes, b o ■= 

69-60; + Pas . «p„ 130® 36'; - P« ; »Poo = US® 20'; + Poo oP = 

118° 40', - Poo : oP = 142° 10’; - P : oP = 126° 10'; + P oP = 106° 64'; 

+ P - - P =. 127° 10’,+ P : »P« 113° 36', - P . coPoo = about 129° (Do la 

Pi'OTOstaye, Ann, Oh. Phys [3] iv 464) According toB4rard, neutral potossio 
oxalate sometimes ci-ystalhses with 3 at water. 

6 Acid salt, Dioxalttte or jBmo.valate of Potassium, Salt of Sorrel, C’HKO*. — 
This salt is oontamod in the juice of various species of Su/nex and Oxalis, whence it 
may be extracted by clarifymg the juice -with day, white of egg, or bullock’s blood, 
and leaving the clear liquor to crystallise ; it is prepared by this process in large 
quantities in the Black Forest. It may also he prepared by partially neutralising 
oxalic acid with carbonate of potassium. It forms transparent crystals winch have a 
sour taste, redden litmus, dissolve sparingly in cold water, and in 14 pts. of boiling 
water (Wenzel), m 4 pts. of bodmg water (iVelisten's Sj/st); in 40 pts. of cold 
and 6 pts of boiling water (JBerz. Lehrb.), nearly or quite insoluble in cold alcohol, 
soluble in 34 pts. of boding alcohol (see Stor er’ a Pictuniarp of SolubdiUes, p. 428). 

The crystals of salt-of-sorrel are commonly said to contain 1 at water; 

H'O. Aceorduig toDelaProvostaye {loo. on!.) they probably belong to the tnmctrio 
system, having moir axes in the ratio 0 9494 - 1-4 123 and exhibiting the combina- 
tion foo . cofeo . ooj« .Too .Pf.PJ. Angle foo : oofoo = 103° 38'; ootoo ; 

= 133° 26', • Poo = 132°, P« = 130° 36’, Pco : pa = about 

149° 60'; Poo -P^ = 127° 50. 

Acoor^ng to Eammolsberg (Pogg. Ann. loiii. 24), tbe eiystals obtained by half 
saturating oxalic acid with carbonate of potassium contam 4C‘HKObH*0, and are 
trimetric, having tlioir axes a. b : o = 0 9478 - 1.0 6876,*- and exhibiting the combi- 
nation P - 2P osP . coP« . oP ; 7Poo , only half of tbe pyramidal and m^matic faces 
however, being commonly present Angle oP. 7P« «• 103° 40', 7 P 00 7P<» (basal) = 
152° 40' ; 2P ; cxiP = 149° 39' , P : oP =. 139° 30'. Cleavage perfect parallel to oP. 

Accoi'ding to Murignac {Bechercbes sur les formes crtsialhnes do quelguescomposis 


(cbnod ) = 162° 36' ; [Poo ] . [Poo ] (clinod.) = 119° 40 ; [2Poo ] : [2Poo 1 (clinod.) 
= 81°24', oP: «P«= 133»29', oP : ooP - 131° 67'; [ ooP® ] • [Poo ] = 120“ 

10', [ooPoo] : + 2P2 c 122° 13' t Cleave veiy easily parallel to ooPoo ; less 
easily parallel to [ ooPoo ] ^ 

In preparing potassio-antimonio oxalate (p. 262), Eammelsborg obtained ciystals of 
acid potassio oxalate containing 2C“HKOMl’0. These eiystals, which effloresced very 
quickly, were trimetno prisms exhibiting the combination ooP ooj?-2 . oof 00 . P . 
3P3. Eatio of axes, a. 6 . fl = 0-4690 1 : 6-1959. Angle ooP : ooP = 130° 42’. 
Those measurements have been confirmed by Mangnac. 

Acid oxalate of potassium is used as a weak acid for scouring metals; also for 
removing ink-stains and iron-mould, the double oxalate of iron and potassium bemg 
soluble m water. 


<■ In De la Provottajo’s meaEUtomants, the pi 
E in those of Raramelsberg ^ 


i, the primary form 1« a pyramid with lt« axU iieven times ns long 
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St/pcracid salt Teiroxalaic or Quadroxalaie of Potassium, C*H®EO*.2H®0 or 
0‘HKO’.0-H:«0*.2IPO —This salt disoovered by Savary and Wiegleb, and analysed 
by Wollaston (Phil Trans. 1808, p. 99), is prapared by saturating 1 pt.of oxahe acid 
■vrith carbonate of potassium, adding 3 pfs of oxalic acid and leaving the solution to 
erybUiUiae. A solution of equal parts of oxahe acid and chloride of potassium also 
deposits this salt in crystals on cooling. (Anderson, Chem. Soc. Q,ii. J. i. 231 ) 

Hyperaoid oxalate of potassium crj'staUises in beuuciful tnchnio prisms, sometimes 
of largo diiuonsiona. Donmiaut combination oo,'P . coP« . ooP,' . ooPoo . 2 P oj . 
oP . 3,P'a),mitii tho secondary faces i,P, “>, d^a>, P, T, JP', Pi, o='P^, P 
Axes a - b- 0 2 100i4 : 3-2605 • 1, the axis a being supposed vertical, h directed 

from left to right, o towards the observer Angles of tho axes o = 96° ^ 

79° 29'; 7 ■= 97° 6'. Inclinations of faces oP ooP/ -= 82° 30', oofoo oop' „ 
111° 20', P' ■ m'P = 146° 33'; oP : 2Foo = 144° 80'; 2'P, oo • mPm' = 
U0“25', oP:2,P'<»- 148° 10', 2,P'co.- ®Poo = 127° 65' (De U Provostayo, 
loo. at The measurements have been confirmed by Bajnmelsherg). The crystals dis- 
solve in 20-17 pts water at 20° and give off their water of erystuUisation at 128°. 

Accordmg to B6rard, tins suit is sometimes met with in commerce as salt of sorrel, 
according to Sraelin, when the latter is prepared by half neutrahsiag oxahe acid with 
carbQnatc of potassium. 

OxAiAtus or EnniimiM. fho tieutrd salt, 0®Bb’0*EP0, crystallises by slow 
evaporation of a cold satui-atcd solution, in u-regular imporfectly developed monoclinio 
crystals isomorpbous with those of the neutral potassium-salt and exhibiting the com- 
bination P . »P® . -t Pw . oP. The inclinations of the faces are approximately 
-t P : -t P (clin.) = 73°, - P + P (basal) = 122 to 113^°; cdP« : - P = 
129° to 130°. (Piccard, X pr Chem bexxvi. 449.) 

The acid salt, O^HKbO*, forma small monoehnic crystals, isomoiphoua with the acid 
rot iisaium-talt, and generally cxliibiting tho combination ooP . [ ooPoo ] . [Pa, 1 . 
[2P»j.oP Approximately, coP : coP (clin ) — 162° 30'; [?»] - [Pm], in the 
same = 122° , [2Poo ] : [ ooPoo ] = 137° 46'. The prismafio faces are vortaeally 
sti-mted. (Piccard ) 

The hi/peraeid salt, C’H’BbO*, is obtained in large crystals by dissolving tho acid 
salt in dilute nitrio aoid, and leaving the solution to evaporate. (Qrandeau, Ann. Ch. 
Phys. [3] Ixvu. 166.) 

OXAI.A.TB OF Sitvsn. C*Ag’Oh— Ohtained pure and anhydrous as a white 
oiTstallino proapitate, by addmg oxahe acid to nitrate of silver. It is veiy sparingly 
soluble in cold, somewhat more in hot water, perfectly insoluble in alcohol and ether. 
It dissolves readily m ammonia and carbonate of ammoma , tho solution turns brown 
when exposed to UKlit, and when slowly evaporated in the dark, yields the oxalate of 
silver in large, hard, ahining prisms It decomposes between 110° and 160°, and do- 
tonatoB when suddenly heated. With wdtds of mcthylme, oxalate of silver yields ioxy- 
mothylene, CIH^O’, together with iodide of silver and a mixture of oaibomo anhydride 
and oorbonic oxide (Butlerow, lii. 1006) —With ohlonde of bemylene, 0’H®0P, it 
yields by a similar reaction, bitter almond oil; 

C’H»0P + O'Ag^O* = C’ffO + 2Ag01 + CO» -r 0. 

With iodMe of ethylene, on the contrary, it yields nothing but iodide of silver and a 
mixture of carbonic anhydride and carbonic oxide : 

C*IIT» + = 2AgI + CO* -I- CO. 

Similarly -with bronude afamylene. (Golowkinsky, Ann Gh. Pharm. cxL 262.) 

(C’0*)"-i„^ 

Ammonio-oxalate of Stiver, 41IH’.C*Ag*0* = Ag* Iq, is obtaiaed as a spongy 

tumefied mass by passing dry ammonia-gas over dry oxalate of silver. It is easily 
soluble, has an altaliue reaction, and is decomposed by acids with separation of oxalate 
of silver. (Soiichay andLenssen.) 

OxALA-TBS OF SobiuM 'Bxa neutral salt, CTfTa’OS ooom-s in a groat number of 
plants, and is found m varoch, by the inemoration of which carbonate of sodium is 
obtained. It is anhydrous and diffleult to obtain in regular crystals 1 pt of it dissolves 
in 26 78 pts water at 21-8°, and in 16 pts. of boiUng water (Pohl) , in 30 4 pts. water 
at ordinary temperatures and 24 6 pts. boding water. (Bammelaborg ) 

Tho acid oxalate, C’HKaO^ H*0, forma ciystals which redden htmua 

Sodio-potassic oxalato has not been obtained. A boiling solution of salt of sorrel 
neutralised with carbonate of sodium yields on cooling or evaporation nothing but 
neutral oxalate of sodium. (Bammelaborg.) 

OxAUATSS OF STBONTtUM. The ucutral Salt, CW'OtH’O, obtained by pre- 
cipitating a strontium-salt with a neutral alkaline ox^ato, is a white powder soluble in 
19 20 pts. of boiling water, sparmgly soluble in cold, easily in hot solutions of chloride 
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or nitrate of ammonium ; ratains its -water of crystoUiaation at 100®. Wieke (Ann. 
Ch. Pharni so 108), by precipitating nitrate of strontium with oxalic add, obtained 
a Bivlt in mieroscopie square-based octahedrons contaimng C*Sr''0* 3H*0. 

Acid Mft— Clapton (Clipm. Soo. J. vi. 123), by mixing concentrated solutions of 
oxaUe acid and chloride of strontium, ohUined_ crystals intermediate in composition 
between the neutral and acid oxalates of strontium. Souchay and Lcnssen once 
obtained a salt containing C''Sr"ObC“H»Oi 2H«0 or C<H*Sr"0*.2H»0, by mixmg a 
rather strong solution of chloride of strontium with 1 or 2 measures of strong hydro- 
chlono acid, and 3 or 4 measures of solution of oxalic acid satnrated at 60°. After 
standing for some days at 0°, tlie liquid deposited, together with oxalic acid and the 
neutral salt, crusts of an acid salt, consisting of highly Instrons prismatic eiystals 
with pyramidal summits, mostly united in geodes. These crystals effloresced in the 
air, and were resolved by water into free oxalic acid and the neutral salt. They gave 
by analysis 34-0 per cent atrontia, the formula reqnii'mg 34 4 per cent. 

Oxalate of Tantalum ? Oxalic acid dissolves only atraoe of tautalie oxide, 
hut salt of sorrel dissolves it in considerable quantity, forimng a colomdess solution 
&om which aUcaliB throw down tantaHo oxide. (Berzelius.) 

Oxalate of Tellukium? Oxalic acid dissolves tellnne hydrate, and the 
solution yields radiate crystalline grains which dissolve easily and without decomposition 
m water. (Berzelius) 

Oxalates of Thaleium. The tieuiral salt, G’Tl’O*, is prepared by boiling 
together equivalent quantities of thallic carbonate and oxalic acid in just sufficient 
water to dissolve the product -while hot. On coohng, the oxalate crystallises in small 
white lustrous prisms (OrookQB,Chem. Soc. J. xrii. 160); in small nearly right-angled 
four-sided laminte (Kuhlmann, Compt. rend. Iv. 607). It dissolves in 69 3 pts. water, 
at 1 6 -O® and in 1 1 pts. boiling water ; insoluble in alcohol. Hydroohlone noid converts it 
into a spongy mass of chloride of thallium. It may bo heated to 271° without appro- 
oiiihlo loss of weight , but decomposes at a red heat, leaving a mixture of oxide and 
metallic thaUinin (Crookes.) 

The acid salt, C®HT10 '.H*0. crystallises in large pearly plates which nroshghtly efflor- 
escent and give off their water at 138°. Dissolves in 18 7 pts. -water at 16'6“ and in 
less than its own bulk of boibng water, forming a syrupy solution. It is strongly acid 
to test-paper (Crookes.) 

Oxalate of Thohinum. 0®Th'ObH’O — Heavy white precipitate insoluble in 
water, very slightly soluble in oxalic acid or in dilute mineral acids. (Berzelius. 
Chydenius, Pogg. Ann oxix 43.) 

Fatassio-ilionmc oxalate. White precipitate insoluble in -water and in aqueous oxalic 
acid. Turns black when ignited, and then, if in contact -with the air, leaves a white 
mixture of thorinn and carbonate of potassium. (Berzelius ) 

Oxalates of Tin a. d'fannous solfa.— The salt C^Sn 0<is obtained easily 
and in largo quantity by pouring a solution of tm in acetic acid into boihng aqileous 
oxalic acid. The stannous oxalate being nearly insoluble, separates immediately in 
shining neutral anhydrous needles resembling artificially crystallised calcic aulpbate. It 
is insoluble m cold water, and is partially decomposed by boiling water, -mth production 
of a white salt (Hausmann and Lowenthal, Ann. Ch. Pharm. Ixxix, 104). This 
salt treated -with warm caustic ammonia yields white stannous hydrate, hut -with 
a somewhat concentrated solution of caustic potash, it yields anhydrous stannous oxide. 
Hydrochloric acid at the boiling heat dissolves an almost unlimited quantity of stannous 
oxalate, and, as the solution cools, the whole of the oxabe acidis deposited in ciyhtals, 
whilo stannous chlonde remains in solution ; but if a little water be added to the 
solution, stannous oxalate crystaUises out. (E Bottger, J. pr Chem. Ixxvi. 238 ) 

Stannous ox.ilate dissolves in the oxalates cf ammonium, potassium, and sodium, 
forming double salts. 

Ammoma-stannous oxalate, C^Sn"(HH^)*0“.H“0, is obtained by dissolving stannous 
oxalate in a boiling concentrated solution of oxalate of ammonium, and mixing tlie solu- 
tion when cold with alcohob It then, after some time, deposits the double salt in stellate 
groups of needles which effloresce in tho air, are insoluble in alcohol, and have a very sweet 
taste The concentrated solution, when left to itself for some tinio, deposits staainous 
oxalate (Hausmann and Lowenthal) This s.ilt is isoraorphous with the potaa- 
Binm-Bolt (inf.], it fuses and detonates when heated. (Bouquet, Ann. Ch. Pharm. 
Ixiv. 278.) 

Poiassio-stannous oxalate. Obtained ; 1 By dissolving recently precipitated stan- 
nous oxalate in a hot concentrated solution of neutral oxalate of potassium ; purified by 
recrystalHsation (Hausmann and Lowenthal) — 2 By treating acid oxalate of 
potassium with a large excess of stamions oxide (Bouquet) — Transparent, colourless 
prismatic crystals which dissolve readily in hot water, less readily m cold water, and 
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BJ6 insolublo in dleohol (HausmannandLo-wontlial). — Borainet’s salt forms large 
colourless erystalB, which disaolvo readily lu cold water, formiug a solution which be- 
cumas inillty after a while, and decomposes qmckly when boiled, yielding first a white 
gelatinous and afterwards a Mack precipitate —The salt has a strong sweet taste, but 
leaves a bitter after-tusto. It reddons litmus, and is not decomposed when boated at 
100° in contact with tho air (Hausmunn and Lowonthal ) 

Siiilm-siimmui 03.alaU. Prepared like tho potassium salt winch it resembles (H. and 
L.). Anhydrous and crystallisablo (Bouquet.) 

0 Stannic %alt. Recently prepared stiinmc oxido (obtained by precipitating a solu- 
tion of Btdiinie chloride with sulphate of sodium) dissolves readily in warm oxalic aeij, 
and a nearly saturated solution yields by evaporation white shining laminao containing 
\ unable quantities of stannic oxido, and becoming by repeated crystalbsation con- 
tinuiilly poorer in that substance, till at length pure oxalic acid crystallises out. The sinus 
solution yields, with aulphnric, nitric or hydrochloric acid — also with alkaUs, alkaliue 
carlion.ites, chlorides, nitrates, sulphates, &c. — white precipitates soluble m water and 
containing 12SuO’.G^O“ 12H'0. The precipitate formed by the fixed alkalis or their 
carbonates becomes insoluMo in water, when left in contact with it for some time or 
heated with lb (Hausmann and Lowenthul.) 

Oxa-LATB OF Titanium. Precipitated in the form of a curdy mass, on boiling 
an aqueous solution of a titanic salt mixed with oxalic acid (Langisr). Any ferric 
oxide that may bo contained in the liquid remains m it for the most part. Tho drirf 
precipitate imparts to moist htmns-paper a red tint, which nearly disappears on drying. 
The precipitate is soluble in excess, both of aqueous oxalic acid and of hydrochlorate of 
titanium. Contains 12TlO^O'TlO® 12H’0 (H. Bose ) 

OxAiATES OF Ubanium o. Uranous salts — IJranous oxalate, C®tI''0‘.3H'0, 
is a greennsh-wlnto precipitate obtained by mixing a solution of uranous chloride with 
oxalic acid; gives off 2 at. water in vacuo. 

Aimnonio-iiranons oxalate. 0*(NH'‘)-U"0* is obtained in crystals bjf boiling recently 
preeipiUted uranous hydrate in a solution of acid oxalate of ammonium (Eammels- 
berg) — Potassio-uranous oxalate obtained in a similar manner is a grey powder 

B Vranio salts Uranic oxalate ox 0.xalate of ITraujii, 0’(U*0’)"0b3H“0, is de- 
posited in crystalline grains on mixing a warm concentrated solution of ui'anio nitrate with 
oxiiho acid, and leaving tho solution to cooL Tho air-dried salt heated to 10(1° — 120° 
gives off nearly 9 per cent. (2 at.) water, which it takes np again on exposure to the 
air ; at 800° tho mono-hydrated salt turns hroim and is converted almost instantly, 
with evolution of water and carbonic anhydride, into a copper-coloured powder of 
uranous oxide, which by ignition in the air is converted into green nranoso-uranic 
oxide- C«(U^OTO‘ = 2UO + 200’ (Ebelmen, Ann. Ch Phys. [3] v. 189.) 

Branio oxalate is nearly insoluble in cold water, dissolves in 30 pts. of boding water, 
is more soluble in acids, and dissolves easily m the oxalates of ammonium and potas- 
sium, forming double salts which crystallise on cooling. 

Ammonio-wramo oxalate, CXNH*)dII‘0“)''0’ 4H-0, is obtained in fine transparent 
yoUow crystals by dissolving uranic oxalate m warm iiqueous ammonia (P 4 li g o t), 
crystals are trimetric prisms, exhibiting the combination Pco cofeo . oof 2 . ooP. ooPoo. 
Axes a h e = 0-8686 : 1 : 0 8941.^ Angle f « : f-o = 112° 28' . cofw : oof2 = 
139° 66'. ooP2: ooP = 160° 45' P«. . ocr2 = 116° 16', Peo • cdP = 106° 30'. 

Poiassio-iiranio oxalate, C*K*(IJ'0’)''0''.3H*0, forms monoolinio pnsms permanent in 
the air and giving off all their water of crystalbsation at 100°. Dominant faces <»P, 
ooPoo, oP. Angle coP : ooP = 131° 2' ; ooP ; ooP« =, 114° 20'. ooP : oP = 
111° 28'. (Ehefmcn) 

Oiaxatbs of VAKAninM . — Vanadic oxalate.— Aqaeoas oxalic acid saturated 
with hydrated vanadic oxide yields on evaporation a light blue, translucent gum, which 
dissolves slowly in cold water, more quickly m hot, water. The aqueous solution mixed 
with a large quantity of oxalic aeid yields by spontaneous evaporation blue crystals 
readily soluble in water. (Berzelius, Pogg Ann. xxii. 33.) 

Potassio-vanadic oxalate. Salt of sorrel saturated with hydrated vanadio oxido 
dries up to a dark blue, amorphous varnish, wHoh dissolves slowly in water. (Ber- 
zelius ) 

Oxalo-vanadic add. "When vanadio oxalate is evaporated with nitric aeid, and the 
i-esidue treated with water, tho greater part dissolves, forming a yellowish-red solution, 
whicli on evaporation leaves oxalo-vanadic acid in the form of a reddish-yeUow, amor- 
phous extract, likemse soluble in water. An excess of oxalic acid immediately reduces 
tho vanadioaeid to vanadic oxide. (Berzelius ) 

OxAiATB OF yTTKiiiM:, C°Y'0'‘.3H“0 — ^White precipitate, bulky and curdy at 
first, hut slirmking together after a while ; insoluble in water, aqueous oxalic and dilute 
iiydrochloric acid, bat soluble in nitric and in strong hydrochlono acid (Berlin). 
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This description applies strictly, not to pure oxalato of ytta?ium, but to a mixture of the 
oxftlatea of yttrium, erhiiun, and terbium; the pure yttoum-aalt w more soluble m 
acids than the oxalates of erbium and terbium, a properly -whieh affords the means of 
jL . — erbia and terbia. (Mosander.) 

and potassimn, C''K?Y''0', is a heary irhite precipitate, insol- 

0. C’Zn"0* 2H“0. — 'White precipitate, insoluble in irater, sol- 
10 acid and in ammonia, also m a warm solution of sal-ammoniac. 

1 and ammonium. — a. Deposited m needles when oxalic acid is 
IS solution of chloride of zinc supersaturated with ammonia. (Wa e k- 
ourodor, Ann Ch. Pharm. x 63.) 

;8. When an aqueous solution of acid oxalate of ammonium is digested with car- 
bonate of zmo till it IB completely saturated, oxalate of zine separates out, and the fil- 
trate when evaporated leaves milk-white nodules, containing G'(NH*)'‘Zu"0'’.3H’0, 
•which slowly effloresce and give off water, are nearly insoluble in cold water, hut are 
decomposed by hot water, with separation of carbonate of zme. (Kay s er, Pogg. An n , 
lx. 140.) 

Oxalate of smo and potassium. C*K®Zn"0'.4H*0 . — A concentrated solution of 
normal oxalato of potassium boiled for some time with oxalate of zinc, and then Altered, 
yields, on cooling, small transporont efflorescent tables, nearly insoluble in cold w.ater, 
and decomposed by boding water, with separation of oxalato of zmo. (Kaysor.) 

OxALATB OF ZiBOONiuM — Oxaho acid and oxalate of ammonium added to solu- 
tions of zirconium-salts, throw down a white opahno flaky precipitate, insoluble in 
■water and in hoihng aqueous oxalic acid. (Dubois and Silvoira ) 

OXAX.IO A.CIl>, AKISES OF. Oxalio amd, bko Other dibasic acids of tho 
scries should yield four normal amides by ehmmation of water from its 

acid and neutral ammonium-salts, thus: 


a:*)0‘ - H=0 


C’H*NO> 


(O^O’)'^; 


C“(Nff)'=0* - 2H’0 


CXNH<)’0‘ - 4H20 


C»N». 


nium-sult. (Cyanogen). 

The hydrogen in oxamio acid and oxnmide may bo more or less replaced by alcohol- 
radicles, thus giving rise to alkalamides, e.g. Mothyl-oiamio acid, C’H®(CH*)NO’ ; 
diethyloxamide, C’H'‘(C’H')WO^, &o. (See Oxamio Ethees and Oiamidb.) 

There is also a number of other bodies, chiefly derivatives of uno acid, which, may ho 
regarded, with respect to their constitution and transformation, but not to their mode 
of formation, as amides of oxalic acid of q more complex character, namely as deriving 
from two or more molecules of oxahe acid by addition of ammonia and abstraction of 


r, e.g. 


2ira’ - 4H’“0 


Dloxalylamlde or Alloxan. 




+ CH»0» + 
2C’H*0< + CH«0= H- 

Oxallc acid. Formlo add. 
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C’E*0‘ + CEPO» + CO=> + 4NH* 

2C*E''0* + CH*0» + 00» + 4HH® 

jclil. Formic Carbonlo 

Belli nnhydrldo. 

c*H’o* + c?H''o» + 2NH> - aa^o 

3C“H*0* + C=ffO’ + 4NH» - 8H»0 

Oxulic iicld. Glyoxidlo 


5H’0 = C<HWO»A]Ianto;n. 
7ff0 = C«ffN*0» OxalantiD. 


C'H^N’O* Dialurio auid. 
CSH‘N'0' AUoximtiu. 


C’H»0< + craw + CO> + 4KH' - 8H^O = C'H'N'Orano acid 

Cr-HW + C»HW + GO» + 4f(H* - 6ffO = (yH'N^O' PBoudo- 

Oxailc itclil. OlyoxuHo Carbi.rdi; Uyit* acid. 

All these compounds hare been or will be described in their alphabetical places. 
See also Ejtra Aorn, DBKivATrvBS of. 

OXtAlIC ETHEItS. Oxalic aeid forms with monatomic alcohol-radicles two 
series of others, analogous to the neutral and acid metallio oxalates. Only those of 
methyl, ethyl, amyl and allyl have however been yet obtained. 

TheneutiMl ethers of tlie mouatouno aleohol-radicles are produced by the action of 
dehydrated oxalic acid on the corresponding alcohols, or by dlstilhng the alcohols with 
salphurio acid and oxaUe acid or an oxalate ; or by passing hydrochloric acid gas into 
a solution of oxalic acid in the iileoliol They are volatile without decomposition in 
the diy state, bnt in presence of water, bases, or acids, they mo easily resolved into 
ox.ilic acid and an alcohol. Sulphuric uoid decomposes them, with olimination of carbonie 
oxido and production of earhouic, or under certain conditions, of formic ethers. With 
ammonia they yield either oxamido or others of oxamic acid. When treated with the 
siiio-compounds of the aleohol-nidicles and afterwards with water, they yield ethors of 
the lactic or glyeolho senes. With chlorine they yield chlonnated ethers. 

The acid ethers of oxalic acid have not hoen so fully examined as tho neutral ethers, 
only those of ethyl .ind amyl being known _ They are obtained as bye-products in tho 
prcpaiMtion of tlie neutral ethers , ethyl-oxalie acid also by the notion of Mcoholio potash 
on neutral ethylie oxalate 

An oxalate of tho diatomic radicle ethylene appears to he prodnoed by the action 
of bromide of othyleno on oxalate of silver. 

Oxalate of Ally], C*H">0‘ » C®(C*H*)W.— Produced by digesting oxalate of 
silver with, allyhe iodide and anhyibous ether at 100'^, and rectifying. It is an oily 
liquid, smeUing like oxalute of ethyl, with a slight admixture of the odour of mustard- 
oil. Specific gravity 1-055 at 16°. Boiling point 206° — 207°. (Hofmann and 
Onhours ) 

Oxalates of Amyl. o. NBuritAt Amtuo Oxaiate, 0'®H“0* = C®(0“H")®0' 
(Balard, Ann. Oh Pbys. [3] xii. 311.) — ^Wlien potato fusel-oil orpnre amylio alcohol 
16 treated with a large excess of crystallised oxalic aeid, two liquids are formed, the 
lower being watoiy and eon.siating of a saturated aqueous solution of oxalic acid, 
while the upper is oily, has a strong odour of hugs, and deposits oxalic acid on cooling. 
On distilling this oily liquid, the temperature gradually rises, and amyho oxalate distils 
over. It may he puriflod by redistillation. 

Amylic ox.ilato is an oily liquid having a voiw decided odour of bugs. It boils at 
282° Tapour density 8-4. It is decomposed by aiufcr and mors quickly by aqueous 
alkalis, yieldingamylie alcohol andan oxalate By apeeuus amnoma it is converted into 
nmylle alcohol and oxamide ; by gaseous or alcohoho ammonia into amylio alcohol and 
ivmyho oxamate Treated with pine-ethyl and then with wattr, it yields amylic dieth- 
oxiilate or amylic leucate (see page 274). On account of its high bnihng point, it may 
be need for the preparation of other amylio ethers by double decomposition. 

CImiieel has obtained methyl-amyha oxalate and ethyl-ainyhc oxalate by processes 
similar to that winch yields the oxalate of methyl and ethyl (p 271). 

Amtloxauo Aon), CH'^O-* ■= C’(C“H‘')HO*. Oxalmiylw acid. Add oxalate of 
amyl (Balard, Ann Oh. Pliys. [33xii 309). — The oily liquid obtained as above by 
heating amylio alcohol with oxalic acid yields, when satuiated with chalk, a solution 
of iimyloxalate of calcium which crystallises on cooling. This salt saves for the pre- 
paration of the other amyloxnlates, 

Amjloxiilie acid is an oily liquid having an odour of bugs. By di-y distillation it 
yields neutral oxalate of amyl, carbonic oxide and carbonic anhydride : 

2C=(C’H>')H0‘ « C“(0‘H")»0* -F CO -F 00^ -F H»0. 

The auiytoxalaies are very unstable, their solutions when boiled reproducing amylic 
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The potai-sirnn-salt forma beautiM nacreous laminffl, greasy to the touch. — The eal- 
ctum-salu C''H”Ca''0® 2H'-0. erystaUises iu boautiM eryslallmo scales, more soluble 
in cold than m hot water. Exposed to a current of dry air nt 100°, it decomposes 
yielding nmylic alcohol. The silver-salt, 0’H"AgO*, forms anhydrous scales having a 
nacreous lustre, sparingly soluble, and very greasy to the touch. It gradually alters, 
even when dry, especially if exposed to light. 

Oxalates of BtliyJ. a. Neutbxi, Ethtcmo OxiiATB, C®'“0’ = Pfio-; 
Oxalic This compound was diseoveied hy Bergmann {Opmmla, i. 256) and 

has been more particularly investigated by ThAunrd(M4m. d’ Arcueil, ii, 11), Bauhof 
(ScJiw J. XIX. 30^, Dumas aud)Boullay (J. Phorm. xiv. 113), Dumas (Ann, Ch. 
Phys. by. 227), Lowig (J. pr. Chem. Ixxxiii. 129), and Erankland and Dupp.a 
(p. 272). 

Formation — 1, By heating alcohol with oxaho acid, more readily iu presence of 
sulphuric or hydroohlorio acid — 2. Together witli clilorothylie formato and hydro- 
chlcric acid, in the decomposition of porchloromethylio oxalate (p 272) hy alcohol, 
(Gahours, Ann Ch Phys [2] xix. 3i8). — 3 In the preparation of crude aldehyde 
by distilhng a mixture ot equal parts of manganic peroxide, sulphuric acid, and spirit 
of 20 per cent (0 Schmidt, Ann. Ch. Pharm lixxiii. 380.) 

Preparation. — 1. One part of acid potassio oxalate (salt of sorrel) is mixed ivith Ipt, 
alcohol and 2 pta atroug aulphurio acid; the mixture is distilled; water is added as 
soon as the distillate begins to show turbidity, the receiver then changed, and the dis- 
tillation conthmed without cooling. On mixing the distiUato ivith water, the oxolic 
cthor separates and falls to tha bottom , the water is then removed with a pipette, and 
the other washed and rectified. (Dumas and Boullay.) 

2. A more expeditious and productive method is to heat dehydrated oxalic acid with 
alcohol. Mitscherlich heats 1 pt. of efBoresced oxaho acid with 6 pts. absolute 
alcohol, distils till the temperature of the liquid in tho retort rises to 140°, then pours 
back the alcohol which has passed over, and distils till the thermometer rises to 165° ; 
the remaining liquid, consisting chiefly of oxalic ether, is repeatedly shaken with 
water and rectified over oxide of lead,— According to Lowig, amuch smaller quantity 
of alcohol IS sufficient for the purpose He pours Ijlb. of absolute alcohol, or spirit of 
97 or 98 per cent, on l^lb. of dehydrated oxaho acid; distils slowly till the ther- 
mometer riseS to 130°, and then distils the product quickly off. The distillate thus 
obtained consists of oxalic ether, with a considerable quantity of formic and a small 
quantity of carbonic ether. 2800 grms of dehydrated oxalic acid thus treated yield 
1800 grms. ox.iUe other and 600 gnus foimio ether. An additional quantity of oxalic 
and fbimic other may he separatS from tho distillate which goes over below 120°, by 
neutralising noth carbonate of potassium. These ethers may be separated by fractional 
distillation, the formic ether passing over between 56° and 75°, tho oxiilie ether at 
about 186°. — According to Kekuli {Lehrbiich, ii. 16) the best mode of preparation is 
to dissolve dehydrated oxalic acid m not more than twice its weight of absolute, alcohol, 
saturate with dry hydroehlorio acid gas, precipitate the ether with water after the liqiud 
has stood for several hours, wash it several times with water, dry over chloride of eal- 
euim, and rcetify. 

Considerable quantities of oxalic ether are obtained by merely leaving oxalic acid in 
contact with alisoluto alcohol for a few weeks, best at 40° — 60° (Liebig, Ann Oh. 
Phirnn Ixv. 360 ) 


Properties — ^Ethylic oxalate is a colourless oily liquid, having an aromatic odour, 
specific gravity = 1 0029 at 7 5°(Dnmii8 and Boullay), l'0824at 16°,Mend6lejef 
(Pogg Ann 0X1 229). Boiling point 183°— 184° (Dumas and Eonllay), 186° 
'KekulA). Vapour-density, obs ■= 6 087 (Dumas and Boullay), 5-10(Cahours), 


= 5 06. It IS very slightly soluble in water, but dissolies 


alcohol. 

water, yielding 


alcohol and oxaho acid. Boiled with aqueous potash or soda, it is quickly 'onvertt^ 
into alcohol and an oxalate of tho alkali-metal. — 2. Its alcoholic solution mixed with 
alcoholic potash yields alcohol and a precipitate of ethyl-oxalate of potassium. 
C2(C>H»)'0< + KHO » C»(0=H‘)KO* + C?>n».H.O. 

3. Ammoma-gas decomposes it into alcohol and ethylie oxamate (oxomethana) : 

^ C’‘HDO 


Plljo- . m.- . “■S'l" - 

Ethyllc oxalntc. Alcohol Ethyllc o\e 

4. With aqusons ammonia it yields alcohol and oxamide: 
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6. With ethylamine, in like manner, it yields diethyl-oxamide (C*0“)"(C’H“)®H'tN'', 


and -with cthyhediethyloxamate (C“0-)"|g ; while tnethylamvno does 

not act upon it. On these reactions Hofmann has founded an eo^ method of separ- 
ating tho bases produced by heating ethyhc iodide with ommoma (ii. 665). Similarly 
■with the mrihylanwtcs (lii, 998). 

G Etliylifl oxidate is converting by potassitim or sodium into ethyho carbonate, -with 
evolution of carbonic oxide • C'(C“H;“)=0* = C(|^C=H*)=0'' + CO ; the reaction is 

complicated however by tho formation of several other products, amongst which is a 
black substance culled by Lowig and Weidmann, mgno aeid (see Oimelm’a Sand- 
look, ix. 181). 

7 When ethyhc oxalate is amtated with sodium-amalgam in a vessel externally 
cooled, a product is obtained which is separated by ether into a soluble and an in- 
soluble portion, the latter consistmg of fermentable sugar together -with sodio oxalate 
and at least one other sodium-salt, wlulo the ethereal solution yields by spontaneous 


oxidation of oxelic acid ; 6G’‘H?0* -f 6H* = 2C“H''0® 4H“0, a: 

bonic acid, because it contains the clomenta of racemic acid, C^H‘0“, and carbonic 
anhydride, CO’, and is resolved into those two compounds when its aqueous solution is 
heated in a sealed tube vrfth a small quanbty of sidpliuno acid (Lowig). The' decom- 
position of othylie oxalate by sodiiira-amalgam has not been completely investigated, 
but tho formation of rocemo-carbouic acid and sugar may bo represented by the 
equation • 

8C’H“0< + HH’ = 2C»H«0» + C’E^O’ + lOH’O. 

Oxalic aold. Kneomo- Glucose. 

carbonic acid. 


(See EACKJio-oAiiBoino Aero ) 

8. Ethylio oxidate treated with zinc-ethyl or with zino and ethylio iodide (which 
produce zme-ethyl) and afterwards -with water, yields ethyho diethoxalate or Iduoic 
cjtW, G''E‘'(C’H.’)0®, and homologous products, in like manner, 'witJi zmo-methyl and 
zino-amyl (Pranfclaud and Duppa, see page 272 ) 

CmnA'mntion.— Etbylic oxalate mutes -with atanmo-oUoride, forming a crystalline 
compound C'H’“0'.SnCl'* 

FerehlorethyUo Oxalate, C*C1'“0‘. — This compound, also called FercMoroninw 
oxalate, Ghloroxahe ether, and Pnchloroxalio ether, ■was discovered and investigated by 
Malaguti (Ann. Ch. Phye [2] Ixxiv. 299) It is prodaosd by the action of ohlorino 
on oxalio ether in sunshine. It is colourless, crystallises in quadrangular laminte, is 
destitute of ta.ste and smell, perfectly neutral, transparent when newly prepared, hut 
becomes opaque after some time. It melts at 144° with incipient dscomposition. It 
is insoluble m water. When exposed for some time to moist air, it becomes acid, gives 
off fum4s and ultimately liquefies Alcohol, vmd-sj>int, amyl-aloohol, oil of turpentine, 
and acetone decompose it immediately; common ether, aoetio ether, and several other 
ethers, less rapidly. 

Dry ammma-gas converts it into pentachlormated othylio oxamate, forming at the 
same time another nraido (probably tnehloracotamide, and one or two ammonium-salts). 
With aqueous ammonia it yields oxamido and trichloracetaimde. The reactions with 
ammonia appear to take place as shown by the equations : 


C“C1»0’ + 2NH'‘ = C’H’GPNO® + Cm^CPNO + 2HCI 


C'H’OMO' + 2NH» = C’H’CPNO h- C’H‘N‘0’ -i- 2HCI. 

Chloroxamethanc. Trichloracctamlde. Oxamidc. 

With alcohol it yields a number of compounds among which are triohloracefac acid, 
hydrochloric acid, chlorideof ethyl, and an oil called ehloroxethido which Malaguti 
ropresenta by the formula C’C1"’0“ (p. 271). When methylio alcohol is dropped upon 
chloroxnlic ether, hydrochloric acid is evolved, and on adding water after the mixture 
has cooled, an oily mixture of oxalate and chlorocarhonate of methyl is precipitated. 

Potash converts chloroxalie ether into oxalate, triohloiaeotate, and chloride of potas- 


0«C1'«0* -b 4B?0 = C’H’0< + 2C’HCP0‘ -i- 4Ha 

Chloroxahc ether several times subjected to rapid distillation is converted into 
chloride of carbonyl (phosgene gas), oxide of carbon, and chloride of trichloracetyl : 

C«C1'»0< =. COd’ -p CO -b 2(C’C1’0 Cl). 

Wlien kept in a dosed vessel, it appears to undergo after a while the same changes as 
when heated. 
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Tlthyl-mcthylio oxalate, C'H'O' - C’fCH’XC^H*)©'* (Chancel, Compt. 
Olum. 1850, pp 373, 403) —Produced by the action of ethyl-sulphate of potassium on 
the miitliyl-oxalato, or of the methyl-sulphate on the ethyl-oxalate 

(CH’)KSO‘ + CXO»ff)KO^ = K*SO‘ + C*(OH*)((PH*)0‘. 

It a transparent colourless liquid haring a faint aromatic odour. Specific gravity 
1 27 nt 12°. Boils between 160° and 170°, distilling without alteration, Vapour- 
donsity 4 677 (calc, for 2 vol. = 4 6S08) It bums with a bright flame blue at 
tile edges 

It docs not dissolve in water without decomposition : cold water and damp air de- 
composo it slowly , boiling water dissolves it completely, decomposing it however into 
metiiylic alcohol, ethylie alcohol, and oxalic acid. Potash decomposes it immediately 
without the aid of heat. Aiimoma uh.o decomposes it rapidly, forming a precipitate of 
oxamide. 

Ethtiosamo Acid, C'H'O' ■= C?H(C'*H‘)0‘*. Oxalovinio acid. Acid oxalate of 
ethyl (Mitschorlioh, Pogg Ann, xxxiii. 332). — The potassium-salt of this acid 
is produced by adding to a solution of oxaUc ether in absolute alcohol, a quantify of 
alcoholic potash less than suflScient to form oxalate of potassium; and on dissolving 
this salt in hydrated alcohol, carefully saturating with sulphuric acid and neutralising 
with carbonate of lead or barium, the ethyl-oxidate of lead or barium is obtained. 

The acid itself is prepared by decomposing either of these salts with sulphuric acid ; 
but it IS very unstable and is decomposed by concentration into alcohol and oxalic acid. 

potassmwfsalt, C*(0’H“)K0<, forms crystalline scales which begin to decompose 
towards 100°. 

Pentaohlnrcthylaxalio aoidox Qhloroxalovinio acid, C^HCPO* (Mala- 

guti, Ann Ch. Phys. [2] Ixxiv 308) This compoimd is not produced by the action 

of chlorine on ethyl-oxalic acid, but 1 In the decomposition of percbloroxalic other by 
alcohol (p 270) — 2 When chloroxethide is treated with cold aqueous solutions of the 

fixed alkalis 3. 'TOien pentachlorinated oiamato of ethyl is treated with aqueous 

ammonia : 

0‘NH'C1‘0» + H«0 = CXNH^)a»0‘. 

It may bo prepared by pl.iciiig the last-meiitionod compound in contact with aqueous 
ammonia till it is completely dissolved, and evaporating in vacuo, whereby crystallised 
chlorox.ilovinate of ammonium is obtained. This salt is dissolved in water; the solution 
mixed with carbonate of sodium and evaporated, first on a aand-bath, afterwards in 
vacuo over oil of vitriol , the chloroxalovinate of sodium is extracted from the residue 
by absolute alcohol , the soda precipitated from this solution by the exact quantity of 
sulphuno acid required; the liquid filtered , any excess of sulphuric acid that it may 
contain precipitated by baryta-water ; the liquid filtered again , and the alcoholic 
solution of chloroxalovinio acid evaporated to the crystaBising point, first over the 
water-bath, and then in vacuo 

It forms colourless needles, which melt nt a gentle heat ; has a burning taste, and 
forms a white spot on the tongue ; if placed for a while on tlio back of the hand, it 
produces violent pain and a white spot surrounded with an inflamed ring. It dissolves 
in all proportions in water and deliquesces very quickly in the air. It dissolves also 
in alcohol and in ether. 

The amnioniwn-salt is crystalline , may be fused without decomposing ; tastes very 
bitter and pungent , has a faint acid reaction. When heated to the boifing pomt, it 
decomposes without evolimg ammonia, and gives off thick vapours smelling of aeotic 
aoid It deliquesces and turns yellow in the air, hut becomes white again when dried 

Mulaguti has described a substance which he calls anhydrous chloroxalovinio acid 
or chloTo.vethide, C*C1‘“0’, but which appeals to be merely a liquid modification of the 
preceding It is obtained, among other products, by the uction of alcohol on ycrcMor- 
oxalic ether (p 27 0). It is quite neutral when newly prepared, but quickly turns acid by 
contact with moist air. It boils at 200°, becoming coloured at the some time. It 13 
insoluble in water, but soluble in alcohol and in ether Ammonia converts it into 
oliloroxaniethano. 

Oxalate of Etbylene. Oxalate of glycol.— This eom- 

g mncl appears to be produced by the action of bromide of ethylene on oxalate of silver. 

y exhausting the product with ether, treating the ethereal solution with slaked lime, 
and evaporating the filtrate, a liquid was obtained, having a peculiar sweet taste, m- 
soluble in water, boiling with decomposition at a high temperature, and yielding 
oxamide when treated with ammonia (Wurtz, Ami. Ch Phys [3] Iv 400.) 
Oxalates of IHetbyl. Neutkad Methyud Oxalate, 
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(Dumas and Pfihgot, Aim Ch Phys. [2]lviii. 44.— Weidmann and Sohweizer, 
Pogg. Ann. 1x111 602. — ^Wohler, Ann. Ch. Phnrin Ixxxi. 376). — This compound is 
ohtninod hy distilling a mixture of equal parts of sulphuric acid, oxahc acid, and wood- 
snirit , or by drnnchiiig 1 pt. of sult-of-sorrel -with 1 pt ivood-spirit and 1 pt, sul- 
phuric acid, leaving the mixture to stand for some time, and then diatilhug Tovards 
the end of the distillation, methylic oxalate passes over nearly pure and crystallises in 
the neck of the retort The liquid product whieh first passes over also yields orystal- 
lised methylic oxalate Tvlieii left to evaporate. 

Methylic oxahito crystallises in colourless rhombic tablets, melts at 61°, and bods at 
161°. It IS soluble in water, alcohol, and ether, but the aqueous solution quickly de- 
composes into oxalic acid and methylic alcohol. The same decomposition is produced 
still more quickly by caustic -potash or soda. With aqueous ammoma it yields oxanude • 
TTith gaseous ammotiia, methylic oxumate (oxamethylane) ; -with sino-ethyl it yields 
metliybe dietlioxalate and homologous compounds {mfra). 

Ghloromethgho oxalates (Malaguti, Ann. Ch. Phorm, xxxii. 49).— Cldorine 
gas acts very slowly on fused methyhe oxalate in diffused daylight, forming a Uquid pro- 
duct which appears to be dichloromethylie oxalate, C^H^CPO* = C-(CHCP)%* 
insamuch as it is immediately resolved by water into carbonic oxide, oxabe acid, ami 
hydrochloric acid : 

a*H»Cl<0< + 2H»0 = 200 -I- GOTO* + 4HC1. 

In snnsbme, chlorme acts more strongly, producing nacreous laminin of trichloro- 
mothylio oxalate, C*(CCP)’0'', which amell of chloride of carbonyl (phosgene) and 
are resolved by heat into that compound and carbonic oxide 
C'C1"0< » CO + 3C0CP. 

With alcoM they yield ethyhc oxaluto, ethylio ehloroformate, ond hydrochloric 
C*(C01‘)*0‘ + 4C»H«0 = C’(0»H')’0‘ + 2001(C»H«)0» + 4Ha 
Co7npounds prodmed Ig the aotion of Zdne-ethyl, ^o., on the Oxako ethers. 

When the oxnlutos of the olcohol-radioles are treated with zino-mathyl, zino-etliyl, 
&o , ethers are produced, the acids of which may he regarded as oxahc aoid^^^a ^"| 0'', 
in which 1 atom of oxygen is replaced hy an equivalent quantity (2 at.) of an alcohol- 
radide, or what comes to the same thing, as glycolhe aeid 1 0^, in which 2 at, 

hydrogen belonging to the radicle glycoUyl are replaced by 2 at. of an alcohol-radicle, 

Dimethoxaho or Dimethoglycollic acid . OH*0’ = 

BthomethoxalioorEthomethoglycoUieacid. =, |q, 

Diothoxalia or DiethoglycoUic acid . . C°H‘*0’ = 

Amliydroxalic or Amoglycollic acid . . 0’H"0* => [C-(CW')H0] | qj 

Ethamoxalio or EthamoglycoUic acid . . C"H'®0’ = |q, 

Diamoxalic or Diamoglycollic aeid . . C‘=H*^0’ = 

These acids are therefore homologues of glyeoUic acid, — also of laobo acid C®H®0', 
which may be formulated as methydroxalic or metlioglycoUic acid, [*^\GH“)HO] |q, 
The first in the above list is isomcrie or identical with hiitylactic, the second with valero- 
Inctic, the third with leneic acid Erankland (Proa. Eoy Soc xii 396) obtained 
cthylic Icucate or dietboxalate by the action of zinc-ethyl on ethylic oxalate, and the 
ethers of the other aeids of the senes have been obtained in like manner by Frank- 
land and Dnppn (Proc Eoy Soc. xui. 140 ; xiv. 17, 79, 83, 191) 

The acids of tlie glyeoUic or lactic series C"ff"0^ differ fixim those of the acrylic 
series C"H*“-’0» (i. 63), hy 1 atom of water, e g. 

0»H“0» - H=0 = 

bactlc acid Acrylic acid. 

And it has lately been shown hy Frankland and Duppa (Chem. Soc J xviii. 133), 
that by the aotion of trielilonda of pho.sphorus, wluoh abstracts the elements of water, 
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the ethjlio ethers of the glycollia or laotie series may bo converted into the ethylie 
others of a series of acids isomeric with the natural acids of the acrylic senes. As the 
ethers are of course included under the same general empincal formula as the acids 
themselves (each ether being formed from its corresponding acid by addition of C^H^) 
the reaction may bo represented by the general equation : 

3C“H*“0» + PC1» + PH*0« + 3HC1 

o.o.3C>H'»0’ + PCl> = 3C*HWO» + PH»0» + 3HCa 

Kthyllc loucate. Etliyllc etho- Phiupliw* 


The etbers thus obtained may be converted into potassium- or barium-salts, and 
these into the corresponding acids, in the usual way. In this manner have been obtained : 
Methaciylie acid, isomeiie vfith Orotonio acid . . . 0*H*0® 

Methocrotonio acid, isomerio with Angelie aeid . . . CPH’O’ 

Ethoerotome acid, isomeric with Pyroterebic acid . . 

Ethomethoorotonie acid, isomerio with Domaluric acid . 

[For further details respecting the relations of tliese two series of acids, also of the 
aeids of the aeiylio to those of the acetic senes, see Apraunrs,] 

We now proceed to desenhe the preparation and properties of (he several aeids of 
the glyoollie series above mentioned 

1, Dletbozallo, Slethoglyoollio or l^euola Aold, CH^O*.— Ethylie oxalate 
treated with zinc-ethyl and afterwards with water yields ethybe leucate together with 
alcohol and hydrate of zinc. The final result may be thus stated : 

+ Zn"(C'H*)* + 2ffO = C«H"(C*ff)0’ + C^H'O + Zu"H«0». 
The reaction however takes plaeo by two stages, the first product is a sohd resin- 
ons-looking mass consisting of zine-monethyl-ethylic leueate, O'^H^ZnO’, — a 
compound derivod from oi^o other by the substitution of 2 at. ethyl for 1 at oxygen, 
and of 1 at zino-monethyl, Zn(PH', for 1 at ethyl,— and this compound when treated 
with water is resolved into ethylie leucate, alcohol, and zinc-hydrate; 


Ethyllr oxala 


Zlno-cthyl. Zlnc-moncthyl- 

elhyUo leucate. 


}C»H«0 


Zlnc-ethylo- 



H J-0* 
C>H* i 



In this and in oU the analogous reactions, it is found advantageous to use, instead of 
zinc-ethyl, &c , a mixture of ethyho iodide and amalgamated zone, whereby the organo- 
zino compound is generated during the reaction, and the trouble of specially preparing 
it 18 saved. The whole operation then proceeds at the ordinary atmospbone pressure, 
and a larger product is obtained. The first stage of the reaction in the prodnetion uf 
leucic ether may then be represented as fbllows : 


Ethylie leucate or diotlioxalate has been already deseribod as leuoic ether (lii. 678). 
When treated with trwhlortde of phosphorus, it yields ethyHc ethoerotonate, 
^^|o. whence may be obtained ethocrotonio acid, ^ 

isomeric with pyroterebio acid {vid, sup.). 

Zino-ethyl acts violently on it, each drop on coming in contact with the ether, even 
if previously cooled by a freezing mixture, hissing like phosphoric anhydride dropt into 
water. The product of the reaction is zincmonethyl-ethylio leucate, the change con- 
sisting in the substitution of zine-monetbyl for hydrogen, and homg accoropamed by 
the evolution of torrents of ethyho hydride : 

0“H”(C=H’)0» + Zn"(C«H«)' C«H’»(ZnC"H') (CPH»)0* + C»H'. 


Zinc-monethyl-ethylio leucate is a colonrless viscous solid, soluble in ether, but 
apparently incapable of orystaUieation It absorbs oxygen with avidity, and effervesces 
strongly in contact with water, reproduemg leucic ether 

C“H‘“(ZnC'ff)(G»H»)0» + 2H=0 = + O’E* + Zff'ffO*. 


VoL. IV. 
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Iodine acts strongly upon it, producing zincoleucie ether, iodide of ethyl, and iodide 
of zinc 

2C“H'«(ZnCr'H*)(C’H»)0“ + I< =. C«fl;“Zn"(C2H‘)i'0* + Zu"P + 2C=H»I. 

• Zlnc-monplliyl-ethyllc Zlncoleutic etlier. 


Mdhylic Dktlioxalatc. A mixture of 1 at ethylie iodide and 1 nt methyiic oxalate, 
digested with zinc for about 96 hours at 30°— 50°, solidifies to a muss of crystals, which 
when treated with water and distilled, yields ethyho alcohol, and au ether having the 
composition of diotlioxalate or leucate of methyl 

(C“OT) [C’(C'H»)’’0]"] 

CH» + dC’ffI + Zn‘ « ZiiC-H“ ^0” + Zn + 2Zn'l«. 


methyiic leucate. etny 


Metliylic leucate is a colourless, transparent, tolerably mobile hquid, having a peculiar 
odour, not much like that of etliyhe leucate, spanngly soluble in water, easily in alcohol 
or ether Speciflc gravity = 0 9896 at 16 5°. Bods at 165° and distds unchanged. 
Vapour-density, obs = 484, calc. = 6-03 

Methyhe leucate is easily decomposed by alkaline bases, yielding methyiic alcohol 
and metallic leiioatcs The barm/ii-i,alt, C'“H“Ba"0“ thus obtained is a erystiilliiie 
mass very soluble iu water, alcohol, and ether On decomposing it with sulphiinc acid 
and evaporating the filtrate, diethoxalie or leucic acid is obUiiied in splendid crystals 
which sublime readily at 50°, slowly even at common temperatures, and melt at 74 5°. 
In these respects the acid thus obtaiued ugiecs with ordinary leuoio ncid, and with 
that obtained by the action of zme-ethyl on oxalic ether , but the silver-salts of the 
two acids differ in certain respects, that obtained from methyhe leucate orjstalhsiiig 
in anhydrous silky fibres which are scarcely discoloured at 100°, wheioas tliat oht.impd 
from cthyhc leucate forms brilliant radiate needles containing at water, which it 
does not give up at 100°, though it suffers rapid discoloration at that temperature It 
is possible therefore that the diethoxalie or leucio acids obtained by tho action of zmo- 
ethyl on tho oxalates of ethyl and methyl respectively may not he absolutely ideutieiil, 
but only isomeric. 

Ami/rio Ihethoxalate. A mixture of amyUc ox.ilate and ethyho iodide in equivalent 
proportions digested with zinc for several days at 60° — 60°, and subsequently treated 
with water, yields in like manner a distdlato ooutaiiiing amyho diethoxalato or 
leucate, CH-'-'O*, thus: 


C»0’)"l [CWH»«0)'S 

C>H'> to* + 4C*H»I + Zn* = ZnC'H* to* + Zn" X,5,,n + ZZuI*. 
C"H>> ) 

Anpllo Amjllc ijnc- ^ Zlnc-ethjlo- 


ZnC'H* to* 

C*H'> j 

mylio zlnc-monethylo. 


[C*(C*H*fO]") 

H to* 
C*H" 1 

Am, IK. 


H5 


Zn"H*0*. 


Amylic leucate is a colourless, transparent, slightly oily liquid, havitig a fragrant 
and somewhat amyhc odour , insoluble in water, hut soluble in all proportions in 
alcohol and ether Specific gravity = 0 93227 at 13°. Boils constantly at 225°. 
Vapour-density obs. = 6 74 , calc = 6 97 Tlio hoihng point and specific gravity 
in tho liquid etate of this ether are almost identical with those of its lagmer, cthyhc 
ethamoxolate (p 276). 

BlmotlhoxaUo or DlmethoglycoUlo Acid. 1 0*.— A 

mixture of 1 at. methyhe oxalate and 4 at methyiic iodide treated witli amalgamated 
zme as above described, sohdifies to a yellowish gummy mass, which when distilled 
with water, yields methyhe alcohol, and leaves a residue of iodide oxalate auddimethox- 
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is formed, and converted into dimetliozalata of zinc, C*H**Zn"0“ This zinc-salt 
treated ivitli baryta-water yields dimethoxulate of barium, C“H'*Ba"0“, which crys- 
tallises in brilliant needles, neuU'nl, having the odour of fresh butter, very soluble in 
water and alcohol, nearly insoluble in ether. 

Dimcthoxalic acid, G'H^O", obtained by decomposing tho barium-salt with sulphuric 
acid and agitating the flltmto with ether, crystallises by evaporation in largo prisms, 
melts at 76 7° and subhmes at 60° in very flue jirnsmatic crystals, boils at 212° and 
distils unchanged. It is strongly acid mid easily unites with bases, forming crystal- 
Ima salts. The silver-salt, C'H’AgO’, erystaUises m stellate groups of nacreous 


3 EthomethoialloorEthomettioKlyooHic AoMl,Cy‘H'"0*= C»(0»^(OH:’)0| q, 

— The ethyho ether of this acid is obtained by the action of zine on a mixture of 
ethylio oxalate with methylio and othylie iodides in equivalent proportions. The rs- 
actiou takes place as shown by the equations ; 


(C?OY] 

OT VO’ + 2CH»I 

Etliylio oxalate. * 


2C’H*I + Zn* = 



Zino-monomethyl-otho- 
methoxalate of ethyl. 


+ 2ZnI*. 

Zlnc-cthylo- 

Gtbylate. 



Elhyllc«ho- 


Ethylio othomethoxalntc, C’E^O’, is a colourless, transparent, mobile hquid possessing 
a penetrating ethereal odour much like that of lencie ether. It is very soluble m water, 
alcohol, and ether Spociflo gravity = 0 9768 at 13°. Boils at 166'6° Vapour- 
density, obs. = 498, calc. = 6'04. It is easily decomposed by aqueous solutions of 
the allahs and of bai yta, TncUnrUh of p/mphoncs converts it into the etliylic 
ether of raothocrotoiiic acid, isomeric with augolic acid (p 273). 

litkomeihoicalaie of Barium, 0'‘'H“'Ba"0“, is very soluble iu water, and crystallises 
from aqueous solution us u boautiftilly radiated mass having a silky lustre. 

EthometliOicalate of Hydrogen, or Etliomcthoxalic acid, G'n'"©*, is obtained by 
evaporation, first in a retort, afterwards in vaeno, os a splendid white crystalline mass, 
melting at 63°, subliming readily at 100°, and condensing on a solid surface in 
magnificent star-like groups. It bods with decomposition at 190°. It dissolves very 
easily in water, alcohol, and ether; small fragments of it thrown on water rotate like 
camphor whilst dissolving. The solutions ore strongly acid and easily decompose 
carbonates, 

Ethomethoxalate of Silver, OffAgO", ciystalbses in splendid mammellated masses, 
moderately soluble in water 

4. Ambyarozalio or AmoglycoIUo Acid. C’H>*0' = | O’. 

— Tho etliyUo ether of this acid is produced, together widi two others, by the action 
of zinc on a mixtui'e of othyho oxalate and amylic iodide When a mixture of these 
ethers in equivalent proportion is digested with granulated zme at 70°, tho zinc is 
gradually dissolved, while much omyhc hydride and amylene are given off. The 
mixture finally assumes iv viscous or semisobd condition, and when treated wiBi water 
yields a turtlier quantity of aniylio hydride which distils off at a gentle heat. On in- 
creasing the temperature, water passes oier accompanied by amylie alcohol, amylic 
iodide, and an ethereal Injiud which, after drying with chloride of c.ilcium, begins to boil 
at 132°, the product which first passes over consisting principally of amjhc alcohol 
mixed with amylio iodide. Afterwards the thermometer rises rapidly to 200°, 
between which temperature and 206°, othylie amhydroxaliito, C“H“0*, passes 
over A second rapid rise of temperature then occurs till the thermometer remains 
stiitionnry between 222° and 226°, at which temperature othylie ethamoxalate, 
passes over Lastly, the temperature nses to 260° — 264°, between which 
pointe etbyhc diamoxalate, C"H'®0', distils over. These several others are 
further purified by repeated fractional distillation. 
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The formation of atliylie amhydroxylate is represented by the equations, 

. .CH-I . Zn. » . Znjgg. , 

<3»H« ) C'‘H» } 

/C»(G»H“)(ZnC*H‘>)0]"1 

ZnC“H“ W'" + 4H?0 = 

The eomponnd 0'“H®Zn"0* formed in tho first stage of the reaction consists of ozaho 
ether in which an atom of oxygen is replaced half by amyl and half by zmc-monamyl, 
whilst a second atom of mie-monamyl is substituted for one of ethyl. 

EthylU am]iydrox(date, C”H‘*0* ■=> H >0®, is a somewhat oily, trans- 
parent, slightly straw-coloured liquid, of specific parity 0'9449 at 18°, having a 
pleasant aromatic odour and burning taste. It boils at 203°. Vapour-density, ohs , 
6-47 ; eale =6 0. « 

AtnhydroxalaUofBcaium, C‘*H“Ba"0*, crystallises in large beautiful nacreous scales 
bke paraffin, moderately soluble. The calcmm-salt, 0‘^H“0a''0', forms a white crys- 

Ths hydrogen-salt or amhydroscdio aeid, CWO*, prepared from the zinc-salt which 
is contained in the residue remaining after the distillation of the three ethers above 
described, is but sparmgly soluble in water, from winch, however, it crystallises in 
beautiful nacreous scales which melt at 60 6°, but afterwards remain liquid for soiuo 
time even at ordinary temperatures; they are very unctuous to the touch, and easily 
soluble in alcohol and ether 

The eoyper-salt, C'*H®’Cu''0*, is deposited from its aqueous solution in minute light 
blue scales, very sparmgly soluble in water. 

fi. Etbamoxallo or SUtamoglyooUlo Acid, H H'‘)0] |q, 

—The ethylio ether of this acid, CH^O*, is the portion of tho ethereal distiUate above 
mentioned, which boils between 222° and 226°. Its formation is represented by the 


f 2H‘0 - 

[C*(0»H‘)(C“H'')0]'i 


Ethylie ethamoxalate is a straw-coloured oily liquid, having an aromatic but 
somewhat amylio odour and a burmng taste. Specific gravity = 0'9399 at 13°. 
Boiling point between 224° and 226°. vapour-density, obs, = 6 29 ; calc. = 6 92. 

By decomposmg this ether with alcohohc potash, adding sulphuric acid in excess, 
and treating the product with ether, ethamoxalic acid is obtained ns a thick oU, 
gradually solidifying to a crystalhne mass. The bannm-salt contams C’®H'*Ba"0“ , the 
silver-satt, C"H”AgO». 

0 SlaxaoxaltaorDtamoKlyooUlo Acid, = [C’(CTO‘‘)-0] |q — 

ethyhc ether of this aeid, O’^H^O*, is contamed in the last portion of the ethereal dia- 
• tillate resulting from the action of zinc and iodide of amyl on oxalic ether. Its forma- 
tion is represented by the equations : 

C=H‘ ^0* + 4C»H'>I + Zn‘ =» ZnC»H>> + Zn''5^,^' + 2ZnI«. 

C«H‘ ) i ^ ° 

EthvUo Ethyllc *!no- Zlnc-amylo- 

oxalate. monamyl-cllain- ethjlale. 


tm» J 



OXALITE— OXALURAMIDE. 


277 


Ethylio diamoxalale is mote vjaoid tliau the two lost-described ethers, ond hos the 
lowest speciiio gravity of any ether belonging to this senes, its density at 13° being ^ 
only 0'9137. In fact the spooiflo gravities of all these ethers decrease as their atomic ’ 
weights increase. Their vapours also exhibit a tendency to dissociation, increasing with 
tho weight of the atoms winch replace the oxygen in oxalic ether, whence there 
arises on increasing divergence between the observed and calculated vnponr-densities. 
Tho vapour-density of etliylio diamoxalato is by experiment 8-4, by cdculation only 
5'9 Bulling point about 262°. 

DimmmUU of Barium, obtained by decomposing the ether with baryta- 

water, crystallises in minute elastic needles having the appearance of wool when dry. 
It is moderately soluble in hot, sparingly m cold water. 

Biamoaalio acid, obtamed by decomposing a solution of the barinm-salt in hot 
dilute alcohol with sulphurio acid, and evaporating the filtrate, crystallises in colourless 
satiny fibres, insoluble in water, but soluble in alcohol and ether It melts at 122°, 
and solidifies immediately after a veiy sbght reduction of temperature. At a stronger 
heat it sublimes and condenses on a cold surface in white crystalline flakes like snow 
7 Action (f Zinc on a mixioire of Amn/ho oxalate and Amylio iodide. 'When these 
ethers in eijnivalent quantities are gently heated with zinc, a brisk reaction soon sets in, 
mneh amylio hydride and amylene are evolved, and the whole solidifies to a gum-like 
mass, which when distilled with water yields on oily liquid rcsembhng that obtained 
when ethylie oxalate is used, and in all probability ooutaimug a series of amylic ethers 
analogous to tho ethyho ethers described under i, 6 and 6 ; but it has not yet been 
found possible to separate them, their boJiug points being so high that they decompose 
when an attempt is made to distil them. 

03La.XiXTB. Native ferrous oxalate, also caEed Sumboldfim (p. 268). 
oaCAl.]«ETBTI.ovinrzi»B. Syn. with MnTHytETHTHO Oxaiatb (p. 271). 
oaCABovnrzc acib. Syn. with Ethtioxaho Aom (p. 271). 
OXABUBAmillB. Oxalan. Cm»N*0> •= ^^’®*|n or ^(CO)"|-N*. 

(Bosing and Sehisebkoff, Ann. Oh. Pharm. cm. 266. — Liebig, ibid, cviii. 126 — 
Strecker, ibid. oxih. 47)— A compound obtamed as a white precipitate, togetherwith. 
dialuric acid, by tho action of ammonia and hydrocyanic aad on alloxan : 

20‘H»N'0< + H“0 + NH* = 0’H‘N»0‘ + C*H<N*0< + CO*. 

Alloxan • Oxaluramide. Dialuric acid 

Probably also by the action of anhydrous ammonia on purabanic acid : 

C*H»N*0» + NH* = 0»HW0* (Strooker). 


It was first prepared by Bosmg and Schischkofif, who called it oxalan, and assigned 
to it tho formula C'‘H*’‘N“0'‘. Its formation, however, appears to have been pre- 
viously observed by Liebig, and analyses of it subsequently made under his direction, 
do not agree with Eosiug and SchisolikofiE’s formula, but show, in nccoidancoalao with 
Streoker’s analysis, that tho body has the composition of oxaluramide : 


C* 

H» 

N* 

0 * 


Calculation. Boalng and SchlschkoB'. 

36 27-6 27-0 27-7 

6 3 8 4-0 4 4 

42 32-1 80 3 30 1 

48 36 6 


Liebig. 

26-3 27-7 

4-0 4-2 

82-6 32-4 


27-7 

3-8 

32-4 


131 100 0 


Strecker has also shown that the hydrocyanic acid takes no part in the reaction, further 
than as a sort of ferment, and that the whole of it may he recovered fcotn the hquid 
filtered from the precipitate of oxaluramide. 

Oxaluramide is a white orystallme powder, insoluble in cold wader, but dissolved 
and decomposed by prolonged boiling with water, with formation of oxalnrate and 
oxalate of ammonium When boiled with caustic alkalis, it gives off ammonia and yields 
an oxidate It dissolves completely in strong sidphuric aoid, and according to Strecker 
is precipitated fi’om tho solution by water, in its original state. According to Eosing 
and Scluschkoff, on the other h.ind, the body thus precipitated is a product of decom- 
position, containing C''H'®N'*0'“ ; moreover the dilute solution from which this 
compound has separated deposits after a while large colourless pnama containing 
C*H'“N^O°. According to Strecker, however, this last body is nothing but idloxantiu 
(C*H'“N'0‘“), formed by the action of the acid on dialurato of ammonium adhering to the 
oxaluraimde. 
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A solution of aUoxan mixed -with hydrocyanic acid yields, _ on addition of ethyl- 
amine, phonylamme, &c., precipitates resemhling oxaluramide and consisting of 
ethyl-oxalnramido, C»H‘(C’H®)N‘0’, phenyl-oxalnramide, C“H‘(C“H>)N»0’, 
^0. (Streckcr.) 

The last-mentioned body is identical iritb that winch Lanrent and Garhardt 
obtiincd by be.it, ing parnbanic acid with niiilino It is a white slightly naereoua 
crystalline powder, composed of wcll-deftncd mieroacopue needles, tastehws and inodorous, 
iusolublo in boiUiig water, nearly insoliiblo in boiling alcohol , it melts at a high tainpo- 
ratm'P, and decomposes when still more stiongly heated, giving off very acrid vapours 
eontainuig cyanogon-conipoiuids, AVhon slightly heated irith potash, it gives off aniline 
and ammonia It dissolves easily in siilplinrie acid, the solution when heated ginng 
off carbonic anhydride and carbonic oxide, without blackening , and the product, if 
exposed to the air, ^dually becomes filled with crystals of acid sulphate of iimmunmm, 
and yields, when dunted with water, tho reaction of phenyl-sulphnnc acid (Lanrent 
and Gerhardt, Ann. Ch, Phys [3] xxiv. 177.) 

OX AXtxrRAinXiZDE. Syn. “with PHi!Nli.-oXAi,imAsiiDE ( vtd. atif ). 

OXAIitTRIC ACID. C’flWO* (Liebig and Wohler, Ann. Oh. Pharm. xxn, 
287.) — ^When parabamo acid is heated with aqueous ammonia, it is conveited into 
oxalurate of ammonium ; or carhonato of calcium dissolved in aqueous parahanic acid 
yields oxalurate of calcium Oxalurate of ammonium is also formed by the action of 
oxygen on an aqueous solution of murexan (.see MrnaxAx) , and by adding ammonia to 
a solution of unc acid in warm, very dilute, nitric acid The amraoninm-sult is dis- 
solved in w.irm w.iter, and the oxaluric acid precipitated by_ a mineral acid, washed and 
dried (Liehig and Wohler). Lastly, oxaluno acid is produced, together with 
giumdino, par.ibunie aeid, xanthino, and urea, by the aetiou of hydi’oohlono acid and 
potussie cldorato on guaniuo. (Strockcr, Ann Ch. Pharm. oxvni. 151.) 

Oxalnric acid is a white crystalline powder, which has a very acid taste, and reddens 
litmus. It nentruhses alkalis completely. It is very sparingly soluble m cold water : 
its aqueous solution is decomposed by boihng into oxalic acid and urea: 

C»HW0* + H’O = + CH'N^O. 

Oxaluric acid is monobasic. The anmomum-aalt, G®H®(NS^)N'0S forms silky 
anhydrous needles, readily soluble in hot water (Liebig and Wohler) Tlie 
hanum-sait, C“H“Bu"N''0* 2H’=0, is obtained by precipitation m long colourless needles, 
often intersecting one another. It gives off. its water at 130® , the crystals dissolve in 
633 pta. water at 9° and 66 pts. at 100® — ^The calcium-valt, C''H®Ca"N*0* 2H“0, 
obtained in like manner, eiyatalhses in colourless noodles, soluble in 483 pts w.iter at 
16®, and in 20 pts. boiling water (P Waage, Ann. Ch. Pharm exTiii, 601) — Tho 
silver-salt is obtained by adding oxalurate of ammonium to nitrate of sdver, as a flaky 

S itate which dissolves in hot water and separates on cooling in long silky 
rona needles (Liebig and W obi or) The sodium-salt separates ns a crystalline 
powder on mixing a dilute lukewarm solution of sodio cai'bonate with a solutiou of 
alloxan containing a httia prussic acid. It is much less soluble in water than the 
potnssmm-salt, (Waage.) 

0.vaIurio acid may be regarded as an nndio aeid analogous to the amio acids: 
CTON’O* = oxalic aeid + urea — H®0, just as oxamio acid, C^E’liO* = oxalic 
acid + ammonia - H‘0. (Gcrhardt and Laurent, Ann. Oh. Phys. [3] xxiv. 176.) 

P. T. 0. 

OXAEVivroiWBTH'SXlDE, Syn. With Munm-Eiiirwo Oxalwh (p. 271). 
OXAMETHAKB. Syn. with Ethiho OxA-MiTB (p. 280). 
OXAiaETHTEANE. Syn. with Metotmc Oxajiatb (p. 281). 

OXAiniC ACID. CfHTO® = (0*0“)" [.Q. (Bulard, Ann Ch. Phys. [3] 

iv. 93.— Baealoglio, J.pr. Chem. Ixxxi 369 — Tones aint, Ann. Oh. Pharm, cxx. 237.) 

' — An acid produced by the dehydration of acid oxalate of ammonium. This salt 
when heated in an oil-hath to about 230°, gives off water, carbonic oxide, and carbonic 
anhydride, then carbonate^ and cyanide of ammonium, and if the distillntion has not 
been earned too far, a residue is loft consisting ahaost entirely of oxamido and oxamic 
acid. The formation of the latter is represented by tlie equation : 

C“E(NH*)0* - H«0 = CWITO*. 

The acid readne is treated with cold water , the filtered solution is neutralised with 
ammonia and precipitated by a saturated solution of a barium-salt , and the re,sulting 
crystalline precipitate of oxamato of barium purified by solution in boiling water 
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(decolorising witli animal oliarcoal if necessary) and crystallisation. The crystals are 
tliea decomposed wth an equivalent qu.intity of very dilute sulphnno aeid, and the 
flltr.ito IS ev.iporated to the crystallising point. 

The acid m.iy also bo obtained by decomjiosuig the ailver-salt with dry hydrpehlorio 
acid gas, treating the product with hoihng absolute alcohol, and evaporating the 
filtrate 

Oxiumc acid is also produced, os an aramomum-aalt, by boiling ox.imida with aqueous 
C’‘H^N’0’ + ffO - C’H>(NH<;NO>. 

After the boiling has been continued for some time, tho ammonia being always kept in 
excess, the solution on cooling deposits notliing but gioups of slender prisms, consisting 
of uiiimoiuum-oxaniuto , and the s.iturated solution of this salt mixed with strong 
lijdiiiclilono acid, mid left to itself fur twelve hours, deposits oxaiiiic acid as a white 
powder, which may bo w.iahed with cold w.iter and left to dry at the orduiary tempera- 
ture (TonaB.uut) 

Oxiinuo acid is a white crystalline pow’ - ’ ’ ’ in cold water, still less 

bolulile in alcohol, insoluble in ether ‘ it dissolves lu 58 pts, 

water at 18° i in another cxpminent witii iiio aciu. aetairatim irom nierenrous oxamate 
ho found that it remitted 71 pts water at 14° to dissolve it. By lioihng with water it 
is quickly converted into acid oxalate of ammonium. Heated with c.iu&tic alkalis or 
with acids it 18 resolved into ammonia and oxalio acid. It melts at 173°, and is 
decomposed into water, oxamide and formic acid, (TouBsaint) 

OxAMATFS Oxainio acid is monohasic, the formula of its salts being C'H’MITO’ 
or C*HhM"N“0“, according to the atomieity of the metal, Tho ammoimm-salt 
0''IP(,NH‘)N0“ fnims stollato groups of small anhydrous prisms, which according to 
Sduarmont (dahresb. 18.37, p 290) are munoclmio, exhibiting the combination 
ooP . [ coP2] [ ooPx ] oP The clinodi.igonal is to tho ortliodiagonal as 0 6480 • 1. 
Angle of mclined axes = 01-' 23', coP : ooP in tho olinodiagonal principal section 
= 119° 20', [»P2l ■ [oor21, in the «.irao = 819 2', oP. c»P = 111° 66'— The 
hm lum-sult, SH-0, is a crystalline precipitate winch gives off its water at 

160° (Balard) — The eupiuc suit, C'H‘Uu"N°0“ H=^0, is obt.nned by precipitation as 
a blue granular powder soluble m hydroolilone acid, less .soluble in water and m nitric 
arid. The hydrochloric acid solution of the piocipitato is coloured blue by potash, 
but pici'ipitafed only at the boiling heat (Baculoglio) — The ferrous salt, 
H®0, forms yellow microscopic crystals. Recently precipitated femo 
ksdrate dissolves in boiling aqueous osamic acid , but the solution doeoiuposcs, like 
the oxalate, on exposure to tho suiisliino. forming a yellow precipitate. The solution 
of ferric hydr.ito in acid oxamate of potassium deposits green crystals ou eoohng 
(Baoaloglio) — The neutial trad-sott, CffPI/'N-O" H-'O, is white, crystalline, spaa^ 
iiigly snluBle in cold, more easily in hot w.iter , tho solution has an arid reaction The 
salt gives off its water (4 t9 per cent.) at 109°, but docs not decompose at 176°. The 
hasio lead-salt, C*H^Pb"N®0“ Pb"0, obtained by precipitating basic acetate ot lead with 
ammoiuum-oxamate, is a white precipitate, insoluble in water and anhydi'ous after 
being treated with boding water /u < i ~i • -.i T'-" — '—>us and mercurio salts 

are white precipitates, obtained bj i litrates with ammonium 

oxamate (Baoaloglio). — Tho > i ' ■, is a greenish-white 

granular powder sparingly soluble in hot water (Bacaloglio) — ^'The silver-salt, 
C?*H“AgNO“, obtained by treating a solubon of silvcr-mtoate with barium-oxamate, 
separates as the liquid cools m colourless sflky needles, which are decomposed hy 
exposure to the liglit, the silver separabug on the surface and blaekenmg them. 
(Balard.) 

E® ) xr 

OXAMIC ETHERS. In the molecule of oiamic arid (CW)" Iq, either tho 

E j 

liydrocen belonging to the water-type, or that belonging to the ammonia-type, may bo 
replaced by aleoliol-radides. In tlie former case neutral ethers are formed, belonging 
to tile class of amethanos (i 198), of which the following are known • 


Methyhc Oxamate or Oxainothyl.im 


Ethj ho Oxamate or Oxamethuue 


m ) 

POiy-L 

:h- i 


Aniyhc Oxamate or Oxamylane . C'E^NO" = (C^Yln 

C»H‘> j ^ 
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They are produced hy the action of dry ammonia on the oorreBpondiug neutral oxalic 

In the latter ease, monohasie add ethers are produced, which, if only one atom of 
hydrogen is replaced^ are motamerie with those of the preceding class containing the 
same alcohol-radicles. They are obtained by dehydration of the acid oxalates of the 
corresponding aminos. The following hare hoeu prepared ' 


Methyl-oiamio acid 

. C*S*NO» = (C^O’)" 


H C'H'i 

Ethyl-oxamio acid 

. ChHTifO’ = (C^O'f 



Phenyl-oxamio add 

. (PHTIO* - (C“0’>)" 


Ethyho Dimethyloxamato 
Ethylio Diethyloxamate 


C'H>*NO» = (C*0> 


if}? 


Amyllo Oiamate, or oxamylane. 0’H”KO*. — This compound is p; 
• by the action of ammonia in the gaseous state or m alcohoho solution on 
amyhe oxalate : 




Iri? 


It is soluble in alcohol, whence it separates on evaporation m rudimentary ill- 
deflned metals. It is decomposed by boiling water, ;^ddang amyho alcohol and 


EthyUo Oxamates. — a, Oaamethane. 


Bonlley, Ann Ch. Phys [2] xattvii. 40. — ^Enmas, tbid. liv. 241. — Li ebig, Ann. Ch. 
Pharm. ix. 129).— Prepared by passing dry ammonia gas through drjr ethyho oxalate 
till it sohdifies. The resulting mass is washed with alcohol, and the solution is evaporated 
till it crystallises. 

Oxamethane forms nnctnous pearly ciystals belonging to the trimetrio system, 
Dominant form, Pw . cofm . coP . ooP2. Eatio of axes, a • b : o >= 0'924 : 1 : 
0-yi5 Angle = 126° 33'; coV * ootco = 182° 43'; ee$2 : oofto 

=■ 151° 34. It melts at 110° and distils at 220°. Tapour-density locale for 2 voL) 
<=■ 4’066. It dissolves rerv readily in cold miter and in ahsoM. By boiling with 
viatsr it IS converted into alcohol and acid oxalate of ammonium- 


C*H’EO> + 2H«0 = C»H(NH»)0* + C*H«0. 

Ammonia converts it into alcohol and oxamide : 


O'HTifO* + KE* 1= G'H'O + OHWO*. 

According to Balard, the aqueous solution of oxamethane boiled with a small qnantity 
of ammonia, yields oxamate of ammonium. Boded with baryta-water it gives off 
ammonia and forms a sparingly soluble banura-aalt. Potash and soda under me same 
circumstances eUminate ammonia and form ethyl-oxalates 

Chlor oxamethane^ C^IPCl'E'O'. OlUoroxethamide. (Malaguti, Ann Ch. 
Phys. Ixxiv. 304; ibii. [3] xv. 49). — ^Produced by the action of dry ammoma-gas on 
perchloroxahc ether- 

C'(C»C1‘)'0* + 2NH* = C*H’ai*NO’ + C^H’Ol'NO + 2Ha 

rwcMoioxallc CblDra-tametbane. TrichlorBcet- 

When diy ammonia-gaa is passed into a tubulated retort containing pulvensed 
perchloroxahc ether, the temperature rises, a floceulent substance is deposited on the 
sides of the retort, and a fetid odour is evolved. When the action has ceased, the 
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»tort is found to be lined witb small iridescent lainintc. The whole is treated with 
ether, the solution Altered from sal-ammomae, and the crystals which form on eyapora- 
tion are pressed between paper and pnriAed by solution in hot water, treatment with 
animal charcoal, and repeated crystallisation. 

Chloimamethane forms white ciystals belonging to the trimetno system, and 
isomorpbous with osametbune. Dominant form, Poo . ooPJ . wtoo . Eatio of the axes 
a i ; 0 = 0 02t : 1 . 0'716 Inclination of the faces, foo . j?oo = 126® 33' col*| ; 
ooI’m = 120° ; ooPJ : coP| t=r 120°, It is sparingly soluble in cold water, yery 
soluble in boiling water, alcohol, and ether , the solution isnot precipitated by nitrate of 
silyer or by soluble caloinm-stdla. It has a sacelmrine taste, with hitter after-taste. It 
melts at 134°, but a considerable portion sublimes before meltmg. Boiling point 

Boiled for somo time with potash, it ultimately disappears, giyes off a largo quantity 
, of ammonia, and yields oxalate and chloride of potassium, together with another 
chlorinated salt Aqueous ammonia dissolves it completely in a few days, producing 
cUorethyloxalatc oj ammonium. 

In consequence of the different behaviour of oxnmethana and chloroxametbane with 
ammonia and potash, Gerhaidt andMalaguti suppose that they belong to different types. 

H C*Jtt"'i jT 

y. Ethyloxamia acid, C'H’NO* = (0*0^)" hp — ^Formed in small quantity, 

when oxalate of ethylamine mixed with excess of oxoho acid, is melted for some time 
man oil-bath at 180°: C*H(C>H*N)0* - H^O C'H'NO’. CWurtz, Ann. Ch. 
Phys. [3] XXX. 465.) 

(C H*)*) 

S. .B<AyfiaX)4e<AyZoa:a«o<e,C*H“lTO*=(CW)"j- Q.— Thisoompoimdiaproducad 

by the action of dietbylamine on oxalic ether (ii. 656). It is a liquid which boils at 
260°, IS resolved by boding with alkalia into oxaho acid, alcohol, and diethylaniiiie, 
and, when heated with alcoholic ammonia, is converted into a substance which is iso- 
meric with diethyloxaimde, C'H'*E®0’ (p. 284). (Hofmann, Compt. rend. hi. 902.) 

KetUyllo Oxamates. a Oxamothylane, C*H‘NO®. — Prepared by saturabng 
fused methyhe oxalate with dry ammonia gas tiU the whole sohdiAes to a crystalline 
mass. The product dissolved in boding alcohol crystallises on coohng or evaporation 
in pubic crystals havmg a nacreous lustre. 'When boiled with water to which a few 
drops of ammonia are added from time to time to neutralise the acid which is produced, 
tho oxamethylane is completely converted into oxamate of ammonium and methyha 
alcohol. (Dumas and PAligot, Ann. Ch. [3] Ivin. 60 ) 

p. Msfhyloxamio acid, = (C*0*)"|-q. — ^P roduced, with elimination of 

water, by heab^ acid oxalate of methylamine to about 160° : G*H(0H“N)0‘ — H*0 
= C*H“HO“ Part of the methyloiamie aoidremains m tho residue, whdo another 
portion volatilises, and sometimes forms a ciystalhne strongly acid subhmate on the 
neck of the retort. A considerable portion of the acid oxalate of methylamine is, 
however, converted into neutral oxalate, and subsequently into dunethyloxamide, which 
also crystallises in the neck of the retort It is advisable, therefore, to interrupt the 
distillation after a whde, and odd a Uttle oxalic acid to the residue, ’^en the decom- 
position is supposed to bo complete, both the distillate and the residue are to be 
dissolved in hot water, the solution saturated with chalk, and Altered. The concentrated 
Bohition deposite, on coohng, a mixture of calcic methyloxamate and dimethyloxamide, 
which are easily separated by heat, tho dimethyloxamide then volatihsing, while the 
ealoic methyloxamate remains unaltered ; it may be punAed by orystaUisation foom 
hot water. 

Methyloiamie acid forms a crystalline sublimate. Tho calMum-sall, C“H"Ga'TS*0*, 
separates from its hot aqueous solution in small weU-deAned crystals. CWurti!, Ann. 
Ch. Phys [3] XXX. 466 ) 

y. ISt hylic Dimethylcxamatc, CH^NO* = (C*0«)"}-n.— Produced, like the 
C?H« ) ^ 

corresponding diethyloxamato, by the action of dimethylamine on oxahe other It la a 
liquid hoihng between 250° and 260°, and resolved by distillation with potash into 
alcohol, dimethylamine, and oxalate of potassnun. (Hofmann, lii. 998 ) 

H Cff) 

Pbenyloxamlo or Oxanilio Aold, C“H’HO’ = (C'O’/'l-O (Laurent and 
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Liebig (Aui^ Ch Pb^ can. U6) bas sbown that an aqueous solution of cyanonen 
Gerh arit Ann. Cb. Pbys. L3] xav 166).-To prepare this compouna, aniliM mifod 
with a veiy buY;o excess of o^c acid is fnaed for ton minutes at a bigli tomporator 
llio cooled mass boded with water, and the solution fllteri'd from tlio olinUidel 
wlicreupon it yields, on cooling, crystals «f acid oxanilate of aniline, nliilst a portion 
the salt, together with a sm.ill quaiility of foimiiiiilide and a large oiumtity of oxalm 
acid, reimuus lu tho niothcr-hquor, from which, by piceipitiition at a boiling heat witli 
cldorido at ailcmin, mtoriiig while hot from the oxalate of oideiam, ami coohmr no 
additionid crop of erystnls of calcic oxaiiihito may be obtained. The abo\ e-moatiniiP 1 
bronii crystals, which cannot be decolorised by reerystallis.itinn, are converted eitlm 
by boiling .nth baryta-water, or by solution m ammoi.m and precipitation with cldorido 
ot btiriam, into oxaudate of barium, which must he washed .nth cold ivater and decom 
posed by boding with an equivalent quantity of sulphuric acid (an e.\eess’ decomnn™» 
tho orandie acid), after which the filtrate deposits the oxauilic acid in crystals bv 
evaporation-or theymajybe converted into the calcram-salt by solution in ammonia 
and precipitation with chloiide of calcium, and that salt decomposed by sidDbiusc ned 
mixed with alcohol. . r ^ x u uuu 

Phenyloxamic amd forms beautiful laminm, which redden htmns strongly, dissolve 
spanngly in cold, abundantly m hot arnUcr, easUy in alcohol When heated it ait™ 
off carbonic oxide, cai-bomc anhydride and .vater, and is converted into pure oxanihde • 
2C»H’NO» ~ + GO + C0= + H“0. 

By boding with dilute hydrmUom or Bulyhuno acid, it is resolved into hydroehlorate 
or sulphate of aniline, ond Iree oxalic acid. With a boiling oonoontiatod solution of 
yo<(isA It gives off undine. oi 

The plienyloxamatos or oxnnilates, which are isomeric with the isatates 
give off the whole of their andme when heated with hydnito of potassium, and a portion 
when boiled With potash-ley or Strong acotic neid. v^iuiuon 

AmM,iium.salU.-'l:\xB noiUral salt, C»H«(NH‘)NO» forms beautiful lamin®, which 
dissolve sparingly in cold, very easily in boihng water, and in alcohol —Tim 
0»H®(OTP)NO» C'H’NO-', obtained by precipitating the solution of the neutral laU 
with hjdvochloricacid, a^ le-ivnig the precipitate to crystallise, forms scales, sparingly 
soluble in oold wn.cr. Both salts begin to decompose at 190°, give off ammouia. and 
afterwards earbonio oxide and carbonic anhydiide, together with a smnU quantity of 
aniline, and leave oxanihde. Huamity oi 

Aamoii-Mrt.— The white crystaUme precipitate, which the ammonium-salt forms 
•with chloride of bnrnim, cryet.iUises from the solution in boiling water in sneouliir 
rhombio scales, which contain 20 15 pei cent, barium, and are therefoie 0>«H'=B.l"N»o“ 
Obbuned m a similar manner with chloride of calcium Tufts of 
needles eontaiiung 10 8 per cent, cidcinm, therefore 0'“H'-iCa"N'0“ 

6Wsci-sai«..-Obtaiiicd in like manner with nitrate of silver White tabular awstals 
which are nearly insoluble m cold, but dissolve readily in hot water. They contain 
39 '8 per cent, silver: therefore C^ffAgNO". ^ somam 

^^^iTBAzopHEiTTLoxAiiio Acid. See IfiTiiAzopHENTnAMiiin, under PmarruA- 

OatiLMlDE. (Gm ix. 262; Gerh. i. 276).-This 

compound was fii-st obtained by Bauh of in 1817, on mixing ounhc etherwith aqueous 
amraoma, but it .yas regarded as acompound of oxalic ether and ammonia, tillLiebig 
Identical with the oxamide which Dumas had obtained m 
1830 by the action of heat on neutral oxalate of ammonium (p. 252). 

Wlion neutral oxalate of ammonium is subjected to dry distdliitio'u till the residua 
disappears, oxamide is obtained, partly sublimed in the neck of the retort toaether 
with carbonate of amraomiim, partly fioatmg in flakes on the watery distiUnte Tha 
whole 13 suspended in .vater, and tho oxamide, amounting to i or 5 ner cent of +>in 
ammonium salt, is collected in a filter and washed with 4tcr (Du masrin tJiis ' 
pioccbs, liowevpr, a considerable quantity of the oxamide is decomposed bv the beat 
to prepare it by the action of ammonia on oxalic other 
(p. 200) fior this pm-pose aqueous ammonia is mixed with oxalic ether either nure 
or dissolved m alcohol, and the precipitated oxamide is washed with water and alcohol 
(BanhofundLicbig). Or the distillate obtained from 1 pt. of salt of sorrel, 1 pb 
iilcohol, and 2 pts oil of vitriol, maybe immediately shaken up with aqueous ammonia 
X le clear mixtm-e becomes heated and deposits oxamide, which must be whsIipiI 
.nth water and then with alcohol (Liebig) oe wasnea nrst 

Oxamide is also formed fiom cyanogen anS cyanides. Playfair found it amongst 
the products of the action of mtric acid on fcrrocyonide of potassium (u. 261). 


OXtiLMCIDE, 



OXAMIDE. 


263 


niixi'il with akloliycle gradually deposits ciystals of oxamide, the whole of the cyanogen 
I'l iiig thereby euuvorted into oxumide, while the aldehyde appeme to undergo no 
-Ilti iTilimi, as the solution, if again saturated with cyanogeu, yields an additional 
insuitity of ox.umdo. An aq^ucous solution of hydrocyanic acid, mixed ivith peroxide 
ot In ill Dgen, gradually yields a crystalluio deposit of oxamide: 2CNH + H-0’ = 
CiikW-'Oi. Oxamide is also formed when a mixture of potasBium-cyanido and 
imaigaiiic peroxide is heated with a small quantity of sulphuric acid, (Attfield, Ohem. 
tiuC ,1 xn Of.) 

A small quantity of oxamide appears to he sometimes formed by the action of nitric 
acid upon acetone. (Eiche, J.ilirosh 1869, p 310.) 

Fiujjutiea . — Oxamide is a hght white powder, tasteless, odourless, and msolnble in 
cold water. Boding water dissolres it m small quantity, and deposits it on cooling in 
eryst.ilhne flocks. The solution is neutral to test-papers, and does not precipitate 
calcium s.ilts. Oxamide is insoluble in alcohol. 

VLComimitionc — 1. Oxamide heatedin an open truboiolatilises nndformsaconfhsedly 
crystallmo subhmate , heated in a retort it decomposes partially, leavmg a residue of 
charoo.ll The T.ipour passed through a red-hot glass tube 2 feet long, is completely 
resolved, without deposition of carbon, into carbonic oxide, carbonate of ammomnni, 
hydrucyanio acid, mid urea (Liebig) : 

2C=HW0> = CO -r C0» + + CNH + CH'N’O. 

Oxanude. Urea. 

But when hermetically sealed in a metal tube (which conducts the heat welll and 
heated for some minutes to 310°, it is partially decomposed, yielding cyanogen, carbdmc 
.iiiliydiide, aud ammonia (Malaguti) The first products are probably cyanogen 

„ 2CN + 2H°0; 

but the water, acting at 200° on another portion of tho oxamide, forms oxalate of 
ammonium : 

+ 2E-0 = C«(NH')°0<; 

and the oxalate of ammonium is losolyed at 220° into ammonia, ciirbonio anhydndo, 
mid oarboiuo oxide. Similmdy, a nuxtoe of oxomido and sand, heated in a retort to 
300° — 330°, yielQS nothing but cyanogen, carbonic oxide, and carbonate of ammonium. 
(Maiaguti.) 

2 Heated with phusphonc anhyindr, it yields a largo quantity of cyanogen, 
together with carbonic anhydride and caibonic oxide. (Bortaguini, Ann Ch.Pharm. 
civ. 176 ) 

3 Oxamide, kept in contact for some time with aaturated chlorine-water, disappears 

’ ‘ ’ ’ ochlorio aeid, oxalic acid, and probably also chloride of 

rgoes further decomposition, but without formation of sul- 

, 1 a fourfold quantity of mtno acid, of speeiflo gravity 1‘36, 

is resolved into a mixture of 1 vol nitrogen, 1 vol. nitrous oxide, and 2 vol. carbonic 
auhjdrida (Malaguti) : 

+ 2HNO> = N> -r + 200* + 3H*0. 

According to Bauhof, mtric acid, eien when hot, baa no action upon oxamide j accord- 
ing to 0 Henry and Plissou, stiong nitne aoid forms with it ammoma and carbonio 
onhjdride. 

5 With strong sulphurw acid, hut only when heated, oxamide forms carbonic 
o.xide and curbouio anhydride in equal volumes, ammonia remaming behind m com- 
bination with the sulphuric acid, which remains colourless (Dumas, Liebig). ' 

C-HWO* -f- H*0 =.00-1- CO* -r 2NH*, 

0. All the stronger acids in the dilute state decompose oxamide, yielding an ammonium- 
salt and free oxaUc acid. (0. Henry irad Plisson.) 

C*H‘N*0* + H*SO< + H*0 = (rrH*)*30< + C*H*0«. 

Such IB the action exerted by sulphuric, hydrocliloric, nitric, and tartaric acid, ns well 
as by oxalic acid itself j but not by acetic acid, which indeed, when boiled witli 
oxamide, goes off in vapour without exerting any action, (0. Henry and Plisson.) 

7. Oxamide is not aiterod by fourteen iLys’ contact with cold water, or by boiling 
with water ; but when heated with water to 22i° under increased pressure, it yields a 
liquid, which is acid after evaporation, gives off ammonia with hydrated oxide of 
lead, and yields an abundant precipitate with calcium-salts (0 Henry and Plisson ) 
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8. Oxamide, heated with aqueous alkalis, is resolved into alkaline oxalate and 
ammonia, which volatilises, without any trace of alcohol (Dumas) ; 

G=H‘N“0“ + 2KHO = + 2NH». 

Aqueous mmmna decomposts oxauiide, even at ordinary temperatures, gradually 
dissolving it in the same manner (0. Henry and Plisson), By continued 
hoiling with aqueous ammonia, oxaraide is converted into oxaniio acid (Toussaint 
p. 279). Boiling caibonate of jpotassmm, according to Bouhof, has no action upon 

The boiling aqueous solution of oxamide does not precipitate nitrate of acHate of 
lead ; hut on the addition of a small quantity of ammonia, and application of heat, it 
throws down basic oxidato of lead . the decomposition of oxamide into oxalic acid 
and ammonia takes place much more quickly under these eiicumstanees than under 
the influence of acids or alkalis alone, being assisted probably by the insolubihty of the 
lead-salt (Pe louse.) 

9. On gently heating axamide in contact with potassium, cyanide of potassium is 
formed with vivid deflagration (Liebig) — probably thus 

+ K* ^ 2CM: -t 22La:0 + H*. 

10. 'When oxamide is boiled with water, and mercuno oxide is gradually added, a 
compound of the bodies containing 20‘HW0^Hg“0 separates as a white powder 
(Daasaigncs). But dry oxamide heated with mercuric oxide, is oxidised, yielding 
urea and carbonic anhydride CWilliamson): 

C’HWO" -t Eg"0 = CH‘N-0 + 00» + Hg. 


Oxamtdes containing McoJicl-radicles, 

(O'O’)") 

Sliaetliyloxamiae. C’H’HO’ = (CH“)’ rU’ (Wurtz, Ann, Oh. Phys. [S] xxx. 

464). — ^Houtral oxalate of methylamine is resolved by dry distillation into water and 
dunethyloxamide : 

C’(CH«N)’0* = C‘H'N’0* + 2H’0. 


The ttunsfomiation is miieh more complete than that of oxalate of ammonium into ox- 
amide, because dimethyloxamide is much more volatile than oxamide, The dimethyl- 
oxomide collects m the neck of the retort m the form of long dehcate needles inter- 
lacing each other in all directions. 

The compound is also produced by the action of a solution of methylamine on 
oxaho ether, the products being alcohol and dimethyloxamido : 

(P(C»H‘)»0* + 20H'>N = 2(?H‘0 + C’H’N’O’ 

This IS thehetter mode of preparation. • The reaction takes place immediately, with evo- 
lution of heat, the product being a white magma composed of dehcate needles; these 
dissolve readily in hot water, and, as tho solution cools, the dimethyloxamide crystal- 
lises m the form of long interlaced needles It dissolves in alcohol less readily than 
in water. The fixed alkalis decompose it easily, with evolution of methylanuno and 
formation of an alkaliuo oxalate • 

O'H’H’O* + 2KHO = C’K’O' + 2CH"H. 

It is carbonised by phosphoric anhydride. 

(G’OT) 

Dletbyloiaxnlde. C“H'’N’0’ ~ (C’H')’!!?’ (Wurtz, Ann. Ch. Phys. [3] 

XXX, 490). — Obtained by methods precisely similar to those which yield dimathyl- 
' oxamide , the reaction of othylamine on oxalic ether affords the best mode of pre- 
paration 

Diethyloxamide is more soluble in alcohol and water than oxamide. Prom the 
alcoholic solution it cryetalhses in beautiful needles It is volatile, and condenses on 
the surface of cold bodies in wooUy crystals. Potash decomposes it, forming ethyl- 
amme and oxalate of potassium : 


G’n^N’O* H- 2KEO ~ C’K’O* + 2C’H’H. 


Phosphoric anhydride carbonises it. 

Hofmann, by acting on ethylie diethyloxamato (p. 281) with ammonia, obtained a 
compound mctamenc with that just described, hut differing from it in the mode of its 
decomposition by alkalia, yielding, not 2 at. methylamine, but 1 at diethylaniiue and 
J at. ammonia It may, in &ety be regarded as consisting of a molecule of dietbylauune 
and a molecule of ammonia, hound together by the diatomic radicle oxalyl : 
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[c’o7'|^ + 2KHO = + 0*H''N + H>It. 

H* |N 


Wurth’s diethyloxamide, on the other hand, consists of 2 at. cthylamine bound to- 
gether in a similar manner. 

Dlamyloxanalae. 0'»H«N=0» = (C»H'>)» (Wurtz, he. CTX).-Ohtalncd 

by heating otliylic oxalate with amylnmine It solidifies to a mass of silky needles, 
melting at 139°, and perfectly yolatile. It is insoluhla in water, hut dissolves in hot 
alcohol, from winch it separates almost wholly on cooling 


XTaptitliyl-oxamiaes. a, DufiiHTHVL-oicAiinjB. OxampAtAalide. C”H"’N'’0’ 

= (0*0=)" >N’ (Zinin, Ann. Oh. Phann. cviii. 22). — Produced, together with 

H* J 

naphthyl-formamide, by the action of heat on neutral or acid oxalate of naphthylnmino. 
(For the mode of formation and preparation, see ii. 681.) It forms small scales insoluble 
in water, sparingly soluble in boihng alcohol, molting at about 200°. When heated 
above Its melting point, it is gradually decomposed, givmg off carbonic oxide and leaving 
dmaphtbylearbamide When boded with alcohoho potash, or heated with very 
strong aqueous potash, it is resolved into naphthylamine and oxalic acid. 

(C“H’)>\ 

OTANO-MfrAPHTHTLOXAMiDB. Mcnaphthoximdc. C“H'*N*0’ = [n’ 

H J 

(Perkin, Chem. Soo. Qu. J. ix. 8). Tliis compound, which has the composition of 
aoid oxalate of menaphthylamine mnm 2 at water (C’'H'’N* C'H’O* — 2H=0 = 

C^H;‘“N“0®) is deposited from an alcoholic solution of dicyanide of menaphthylamine 
(p. 2i) mixed with hydroelilono aoid and left at rest, in small yellow spangles 
insoluble iu water, very slightly soluble m alcohol aud ether. It melts at 246°, 
and decomposes at 260°, emitting white vapours probably containing (wanate of 
naphthyl. By aqueous potash and by acids, it is resolved into oxahe acid and menaph- 
thylamine. 


Fbenyloxamides. 
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OXANILAMIDE, C"H*N=0> 




(A W. Hofmann, Ann. Oh Pharm. bmii 181) — This body is 


found among the products of the decomposition of cyanUiue by hydroohlorio acid To 
prepare it, a solution of cyaniline in dilute hydrochloric acid is evaporated, the white 
crystalline mass is freed from sal-ammoniac and hydroohlomto of anihne by digestion in 
cold water, the residue well boiled with water; the solution evaporated to dryness 
after being filtered from diphenyloxamide j and the residue exhausted by boiling with 
alcohol. The alcoholic solution, when cooled or evaporated, deposits the monophenyl- 
oiamide, which may he purified by rccrystaUisation from hot water. The compound 
is not obtained by treating oxamethane with anUino. 

Phenyloxamide forms snow-white, silky, capillary flakes, which sublime in the 
form of a soft powder. It is soluble in alcohol and ether, and oiystallisea from boiling 


Strong sulphuric aoid elnninatcs carbonic oxide and carbonic acid from it, and leaves 
sulphate of ammonium together with sulphanihe acid : 


2C»H®N“0> + 3H“SO* = 2CO + 2CO’ + (C“lirH')=S“0“ + (NH*)=SO‘. 

The onginally transparent solution in strong potask-lei/, from which acids throw 
down the phenyloxamide unaltered, becomes gr^nally clouded with drops of aniline, 
the more quickly as it is stronger and warmer, then gives off ammonia, and forms 
oxalate of potassium : 

C“H“N=0» + 2KHO = CB’N + NH* + 


8. DimmwvxoxAMrDE or Oxanihdb, C“H'W0’ 


;C“H»)4N»(G6rhardt, Ann. 


Ch Phys [3] xiv. 120, xv. 88; — J Pharm. [3] ix 406; — Hofmann, Ann. Ch. 
Pharm. Ixv 66, Ixxiii 181, Ixxiv. 38) — This compound is formed • 1. Together with 
phenyl-formamide by heating oxalate of aniline to between 160° and 180° : 
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(G*H'N)’O‘H=0* « C"H'«N=0' + 2WO. 

Oxalate of aniline. Diplienyloxaraido. 

(C«H’NWIFO* = C’H'NO + C“H’N + CO’ + H’O. 

Phenjlfoira- 

Tho apphcntion of heat taost bo contmixed till the evolution of gM ceases, and the 
Bolidifled mass exhausted with alcohol, winch dissolves the phouylformamide, and 
loaves the diphenyloxamide (Gorlin rdt.) 

2 Toffother ivith oxuniide and mouophenyloiamido, in the decomposition of cynni- 
lino by dilute hydroclilonc or sulphuric acid . 

4C'‘H‘’N* + 8H’0 + 8Ha = 4NH<C1 + ICffNCl + O’HWO’ 

Cjaijlllne, O’onmti'- 

+ 2C*H»1?’0’ + C’'H'’N’0’ 

PhenyloxaraUe DlpheiyU 

The solution of cyaniKne in excess of dilute hydrochloric acid is evaporated over the 
water-bath ; the dry residue treated with cold water to remove sal-ammoumc and hydro- 
blilorate of aniline, then witliboiling water, to dissolve oxnmide andmouophenyloxamide, 
and the diphenyloxamide which remains undissolved is purified by solution in benzene, 
filtration, and evaporation, and by washinK the crystiils with alcohol (Ho f m a n n ) ' 

Properties. — Diphenyloxamide crystallises in white nacreous scales, which molt at 
245°, and solidify in a radiating mass on cooling. It boils at 320°, giving off a shaip 
vapour liio that of benzoic acid, and distilling for the most part without decomposition, 
and sublimes .it n gentle heat in iridescent laroinie. It does not dissolve in water or m 
dilute sulpliuvio acid, oven at the boiling heat, but dissolves in slightly heated stroiiff 
siitphiirio acid ; and is precipitated therefrom without alteiutidn by w.itor. It is in- 
soluble in cold, sparingly soluble m boiling alcohol, more soluble in bensene, insoluble 
in ether. 

Decompositions — 1. Diphenyloxamide subjected to rapid distillation, j-ields a small 
quantity of oil containing a trace of anilocynnie acid, which gives it a powerful odour 
— 2 oinme acts violently upon diphenyloxamide, giving off hydrobromio acid, and 
fovmi^ n substance which dissolves m ether and oi’yetallises therefrom (Gerhardld 
— 3 Hot «iti If acid gives off red vapours (Gcrhardt) Aqueous ohroiiuo acid and 
other dilute acids do not act upon it, even when heated — The solution of diphenyl- 
oxamide in w.irm oil of infrio/ effervesces when strongly heated, giving off oarhomc 
oxide and earhomo anhydride in equal volumes ; it then turns slightly brown, and, on 
the addition of a small quantity of water, deposits a large quantify of tmilosulphurio 
acid in the form of a white crystalline powder (GerJiardt) 

C»H'’N’0’ + 2H’SO< =. (a“H’N)»S’0« + CO + CO’ + B’O. 

S Diphenyloxamide distilled with phosphoric anhydride or chloride of zinc, gives off 
carbonic oxide and caibonic anhydride, and is almost completely oarbomsed , never- 
theless, especially with phosphoric anhydi'ide, the oil which smells ofamlocyauio acid 
passes over, togetlier with sublimed diphonylenrhamule, in larger quantity than svhen the 
diphenyloxamide is distilled alone (H o f m an n) — 6 Vapour of diplienyloxamide passed 
over red-hot ffme yields a body which may be rogardKl as C"Il*N’ (Hofmann), — 

7 Diphenyloxamide heated with dry hme gives off aniline, and becomes partially car- 
bonised, and .sometimes heated to redness (Oerhardt) Anhydrous bai yta eliminates 
scarcely anythiug but auiline (Hofmann) Dmheiiylaxamide heated with potimh-lme, 
hydrate of potassium, or concentrated (not with dilute) potaslhlcy, is resolved into a 
distillato of anilme and a residua of oxalate of potassium. (Gerhardt.) 

y. ChrAKO-i>rrHEira.oxAMU)B or MjuauroxncroB, C'‘H'‘N’0’ = r N’ 

H J 

(Hofmann, Cbem. Soc. Qn. J. li 307) — ^This compound, which has the composition 
of oxalate of melanilma Tidmis 2 at. water, is formed in the decomposition of dicyaiio- 
meUmlinc by yields . 

C»H"N* + 2HC1 + 2H’0 - + 2NH’C1. 

To prepare it, dicyanomelaniline is dissolved in moderately strong bydroeWorie acid, 
and the gradually precipitated crystaUmo powder (or slowly crystalhsmg resin) washed 
noth water. It is a pale yellow indistinctly ciystalline powder, insoluble in water and 
in aqueous ffcirfs, sparingly soluble in boiling edcohol, whence it crystallises in cruel s. 
In aqueous ammonia or potash it dissolves at first without decomposition, and may he 
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precipitated from the Bohrtion hy aadg, aftorwirds decompoation takes place. Its 
tulution in weak alcohol forms, n-itli nitrate of silver, especially on addition of a small 
(iniiiitity of ainmnnia, a light yellow amorphous precipitate, containing Aom 25'4 to 
23-57 and 30-5 per cent, of silver 

BicnmpoHtmis —1. MelanoMinidc melts -when heated, giving off a large quantity of 
carbonic o.\ide, together with a small quantity of c.-trl)Oiiic anhydnde (probably result- 
ing fromasreondiii-y decomposition), and with the strong-sroolling vapour of amlocyaiue 
acid, about 10 percent of whieh condenses in the form of a yelloinbh liquid, at a 
stronger heat, the molanoKimido ulUmatoly yields diphenylearbamide sublimed in 
radiuting crystals, .ind leaves apalo yellow Iransparont mass of resin. — 2. Melauoximido 
is but slightly deconiposed by dilute or hydrochloric acid; but when dissolved 

in alcohol and boiled with concentrated liydroehloric acid, it is resolved into oxalic acid, 
ineluiiiliuo, and needles not yet fully examined, the solution at tho same time acquir- 
ing a deep yellow colour, and emitting a powerful odour of anilocynnic acid. — 3. Its 
alcohobe solution solidifies in contact with aiiiiiioma or potash, either of whieh takes up 
a large quantity of oxalic acid, forming crystals of mdsnilme, and a similar decom- 
position takes place gradually in its solution m aqueous ammonia or potash, especially 
when conooiitrated. 

oxAUAFHTBAXiIBE. Syn. with DDfAPHTHYtoxAinDB (p. 286). 

oXAN-HiAiaiSE. Syn with Pebnixoiaiudb (p. 286). 

OXANlliIC ACID. Syn with Piniim,03tAMio Acid (p. 281). 

OXAZTIBIBI;. Syn. with DrpirBim,osAinDB (p. 286). 

OXAHTXIiZN'E. C'H’NO (E. Schmidt, Chem Soo. J. ivii. 194) — A base 
produced, together -with other bodies, by the action of he.it on amido-salieybc acid: 
C’HINO’ = C"H’NO + 00». 

To obtain it, aniido-snhoylio acid is heated inth pumicc-stono, and the resulting sub- 
bmato IB treated with alcohol slightly acidulated -with acetic acid , oxandjna then 
remains in tho form of a white inodorous mass. It dissolves in hot water and hot 
alcohol, .111(1 sopauitcsou cooling in slightly coloured ciystnls. 

Tho aqueous solution tiu-ns hrown in the air, and deposits a brown amorphous 
substance It o.isily icdiices the solutions of the noble metals, acquiring at tho same 
time a splendid violet colour, which is also imparted to it by nitric acid. When mixed 
with an alkahiie liquid, it acquires a deep indigo-blue colour, whieh disappe.irs on 
addition of an acid. 

Oxamline unites readily with hydroclilone, hydrobromio, hydriodie, snlphiirie acid. 
Sec., forinmg soluble orystallisable salts. The solutions decompose in contact with tho 
air, if they are perfectly neutral, hut ore stable when acid. 

OXANXHXACEirB. See PAIiANAPHTimXNE. 

OXATOEYEIO AGIO. C“’H''0*. (Holler and Strecker, Ann. Ch. Pharm 
cxiii. 66.)— An aeid produced, together with methyhe alcohol, by boiling -vulpio acid 
with potash-ley of specific gravity 1 05 to 1 16 : 

C'”H><0* + 3H»0 ' = + • CH<0 + 2C0= 

Vulplcacid. OxatolyllcocW. Metliyltc 

When the decomposition is complete, -which may be known by tho change of colour of 
the precipitate from yellow to a mint dingy tint, the oxatolyhc acid may be precipitated 
by hydrochloiic acid It crystallises from iilcobol in colourless, brittle, rightrhombic, four- 
sided prisms, tei-miiiated by domes. It melts at 161°, volatilises -with decomposition at a 
’ ’ ' - ’ 1 1 easily in alcohol and ether. It lias 

iliiblo salts with ’ - ; ' - ' " 3 

■ i’H-'“Ba”06 4H’ > , 

and the lead-salt, C“H“Pb"0“ 4H'0, are eryst.iUine pi , 

C'“II'\0-'II‘')0“, prepared by satunatuig tho alcoholic soluiiou or me aciu witn nyoro- 
chloric acid and he.atiiig, or more easily by treating the silver-salt with ethylic iodide, 
forms colourless prism.itie crystals, which melt at 46-6°. 

Oxotoljhc acid, boiled with poiash-leij of specific gravity 1-2 to 1-3, is resolved into 
oxalic acid and hydi-ido of benzyl (toluene), C'H", which ihstds over • 

+ ffO = C-a?0* + 2G’H». 

It dissolves in fuming wine mxd, forming nitro-oxatolylio acid, C'“II”(1I0’)0’, 
which 13 resolved with greater facility by boiling potash into oxahe acid and hydride 
of nitrobenzyl. 
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03:z:tBTXi. This name is applied to perotide of ethyl, OH’O, entering into com- 
hination as a monatomic radicle (See ETinn,nM!-BA.si;s, ii. 693, and Phosphords-bases ) 
Lieben (Ann. Ch. Phnrm. cxsxiii. 287), by treating the elilonnated deriviitivos of 
ethylio omde, ('C“H*)’0, with ethylate of sodium or alcoholic potash, has obtained com™ 
pounds conaianng of cfchylic osido in wliieh 1 or 2 at. hydrogen is replaced by oxcthyl. 

0 Oxethi/l-ehlorctJiiilic oxide, This compound is obtained by 

treating dicliloretliylic oxide with an alcoholic solution of sodium : 


g:i:g}jo H- Niic^ffo = 

The action begins at common temperatures, but requires the aid of a gentle heat 
to complete it. The alcoholic liquid is then to be mixed with a large quantity of water 
to dissolre out the chloride of sodium, and the oU which separates washed- with water. 
Alcoholic potash acta in a similar manner, but gives rise at the same time to the forma- 
tion of a considerable quantity of resinous products. 

The oil obtained as above consists mainly of oxethyl-chlorethylio oxide, 
whieli is heavier than water, has a very agreeable refreshing odour, and boils at 169“. 
It IS difficult, however, to obtain this compound pure, as, according to the greater or 
smaller quantity of sodium-ethylate employed, the product is contaminated either with 
dioxethyl-cthyhc oxide {vid, inf.") or with dichlorathylio oxide The latter may 
be removed by heating the oil to 100° with aqueous potash, but the remaining oil is 
stiU contaminated with a more highly chlonnated product. 

Dioxetliylio oxide, by boating dichlorethylic oxide 

in a seolod tube fbr some hours to about 140°, with excess of alcoholic potash or 
sodium-ethylate : 


g:g:§|0 + 2Na0^-0 = + 2iraa 

The pi-odnot is washed with water or solution of chloride of calcium, and dried over 
ohlotido of calcium. When thus purified it is lighter than water, and boils at about 
168°. 

y. Ethyl-oxeihylio oxide, ethyl-ohlorethyliB oxide 

^ obtained by the action of a'nc-ethyl on dichlorethylic ether, 

is treated with sodium-ethylate or alcoholic potash, and the product treated with water 
as above, an oil is obtained coneistmg chiefly of ethyl-oxethylio oxide, together 
with a very email quantity of another componnd boiling at 70°. The principal re- 
action is represented by the equation : 

|o * m 

Ethyl-oxethylie oxide is an oil of ethereal odour, lighter than water, andhoihngat 148°. 

By using sodium-methylate instead of soffium-ethylats, and zinc-methyl instead of 
zinc-ethyl, a whole scries of compounds might be obtained, homologous with those 
just deserihed, (Liebeu.) ‘ 

OXBTHYIBNE-BASBS. See 3ilntYi,ENB-HASBS (ii. 693). 


OXETBYXi-TRiBTmx-PBOSBKOia'Xtrnx. See Ehosphoeus-basks. 
OXRA.VBRITS. Syn. with Asonim.uTS (i, 367). 


OXIBATIOir. i 
OXIDES. j 


See OxvoSN. 


OUmDICA^I^‘1 I’roducts of the decomposition of indican (iii. 247). 

OXomc ACID. Syn. with GuYooiiic Aoin E Schulze appUed this name 
to the acid obtained by the action of nascent hydrogen on purs oxalic acid, supposing 
it to be a distinct aeid (see ii. 910, No 8). 

OXVBIC ACID. White pitrpunc acid . — ^Theae names were applied by Vau- 
qu el in to a prodilot obtained by treating urie acid with nitnc acid, and neutralising 
with lime ; it appears, however, to have been merely a mixture of alloxan and alloxanic 
acid. (See Gmdin's Handbook, x. 109 ) 

OXYACANTKIK. A bitter neutral substance obtained by Leroy (Viertel- 
jahtssebr. pr. Phann, vin. 676) from the whitethorn {Oratiegna oxyacantha). 

OXYAOANTKIME. C“H"N*0" ? VmclvM. (Polex, Arch. Phann. vi. 266,— 
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Wiickcr, Jrthreilj 1S(31, p. 5io) — An alkaloid oxisliiig, togetliprwitliborbonnp, in tlio 
iMot of Urr/iins vi'/ffnm. To exti-.iet it, the root is exluusted with alcohol, a little 
M.itcr IS .idJodto tlio extract, .and tho alcohol is distilled olE The remiumng liquid 
deposits .1 resin, which must bo separated by flltaitioii, and tho filtrate when conceu- 
tiated deposits crystals of berbcriiie. AVhen tho mother-liquors no longer yield tins 
base, they are to bo diluted ivith four inensnros of water and precipitated by carbonate 
of sodium, tlio precipitate washed with cold water and dissolved in ddute sulpliurio 
acid, the solution decolorised with aiiim.il charcoal, and tho oxyacantbine again pre- 
cipitated by carbonate of eotbiim, (Polox.) 

Oxyiicanthine, when pure, is awhitopowdurordinarilywithayellowishtinge Itmay 
ho obtained in the crystiillmo state hy Bpontaneona evaporation of its alcoholic solution 
mixed with a quantity of water not bufiicient to render it turbid- It bus a latter taste, 
turns brown on exposure to air and light, melta when he.ited, and pves off water, em- 
pyreumatic vapours, and ammonia, leaving a carhonaceous residue tPolex) It melta 
at 130°, and decoinposes at a higher temperature (W acker) It is nearly insoluble in. 
cold water, but when roeontly precipitated it dissolves in a small quantity of boiling 
water. If is soluble lu alcohol, ether, and oib both fixed and volatile* its solutions 
have au ulkidina reaction (Polex). According to Wtieker, it dissolves in 30 pts. 
of cold alcohol, and in its own weight of hoUing alcohol of 90 per cent ; in 12fi pts. 
cold and 4 pts warm ether, also in chloroform. When precipitated by ammonia from 
Its salts, lb dissolves in a large excess of ammonia, much more easily in caustic 
potasli, not in alkaline carbonates. 

Oxyaoauthine is decomposed by mineral acids. Nitric acid when boiled with it first 
resiurses it, and thou converts it into oxalic acid and a body resembling berberine, 
wlncli is precipitated in yellow flocks by w.ater (Polex). Witli iodic acid and u small 
quantity of water, it separates iodme, assimiing a yellow or brown colour (W acker.) 

Air-dried oxyaoanthrao has, aocordmg to Waeker, the composition 0*'H'‘“N°0“.H®0. 

The salts iiave a bitter taste (Polex) Tho hi/drochlomtc, G‘’-H''“N*0'*.2irC1.4H*0, 
en'st.illises in white nodules . so likewise the siitjihafe, and tho less soluble nitrate, 
M Inch contams 4 at water. The oxalate erystiUisos in sparingly soluble needles ; the 
aociatc is unerystalliaable. (W acker.) 

The neutral solution of the acetate gives a white precipitate with tincture of gulls, 
nitnito of silver, mercuric chloride, tortar-ometic, and stumons chloride; brown-rod 
with iodine , yellow with platmic chloride and picric acid it is not precipitated by 
iiiercnrous nitrate, feme chloride, neutral or basic acetate of lead, copper-salts or 
gelatin. (Polex.) 

11“ 1 ^ 

OXYAWISAWtlC AOIA. C“II»NO* = (C»H'0)'"kQ;— Already desei'ibed as 

an anisamic acid (i. 296) — The rational formula just given represents it as derived 
H“ 1 

from a triatomie and monob.iaic oxy anisic acid, C*II“0< = (C“ll“0)"'k0*. It may 

also bn regarded ns amido- anisic acid, C“iI’(^NII“)0“. H J 

Dlazoanla-ozyaniasmlo Aoid, or Diasoaniaaimdamm acid, O’^H^N’O' .s 
C“H“N“0'.C“H*N0*. (P. Grioss, Ann. Ob Pharm. cxiu. 337; exvii. 44; Jahresb. 
1859, p. 467; 1801, p 414)— An acid produced by the action of nitrous acid or a 
nitrous etlier on an aieohohc solution of oxyunisamic acid . 

2C’H»NO“ + NHO“ = C'*H''N’0« + 2BPO 

The reaction must take place at a rather low temperature, and aU. excess of nitrons 
aoid must he avoided 

Diazoauis-oxyauisamic acid is a yellow or greenish-yellow amorphous substance, 
analogous in its properties and reactions to diazobenzo-oxybenzamic acid (p 291). 
It may be regarded either as formed from a double molecule of oxyanisnmio acid by tho 
substitution of 1 at. niti'ogen for 3 at hydrogen, and represented by the formula 
C'“(H'‘N"')N-'0“, or uccordxng to Griess, as a compound of diazoamsic acid (i. c, 
amsio acid, C*H®0", in which 2 atoms of hydrogen lire replaced by 2 atoms of 
nitrogen), witli amido-anisic aeid {i.c anisic acid m which 1 at. hydrogen is replaced by 
amidogen, NH“), tliat is as C»H*N“0“.C"H’(NH«)0» 

Tho reactions of diazoams-oxyamsamie .leid are similar to those of diazhonzo- 
oxybenzamio acid With hydroclilorto acid it gives oif nitrogen and forms hydro- 
chlorate of oxy.anisamio acid, which remains dissolved, and a red amorphous 
powder C“H‘*0', which, when purified, exhibits the characters of an acid: 

2C"’H'‘N"0“ + 2HG1 + H=0 = 2(C'-H“NO».HGl) + + N‘. 

Ethyhc diazoanis-oxyanisaraate (vtd.tnf) heh.ives witli hydrochloric acid in a similar 
m.iiiner Chloramsie acid is never formed in this reaction, neither is broinanisic 

Von. IV U 
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acid prodneed by the action of hydiohromic acid on diazoanis-oxyanisamic acid, 
fij/rfmdio on the contrary, forms io dan iaic acid and hydriodata of oxy. 
anisic acid; 

+ 2HI =. C»H’I0> + C*H”NO=.HI + 

Tho iodanisie acid aoparatos ns a reddish crystalline mass, and when purified forms 
smnU ncedlos easily soluble in alcohol and ether, nearly insoluble in water. Tho hydro- 
chlorate of oxyauisamio acid which remains in solution, may ho obtained in stoUato 
groups of Inminse and needles 

Biazoanis-oxyanisamic aeid suspended in boiling alcohol is decomposed by nitrons 
acid, with evolution of nitrogen and formation of anisic acid and acetic aldehyde : 

+ HNO" + 2C=H«0 = 2C''H”0’ + 2C«IJ''0 + 2^0 + Nt 

Dinzo.uill-o’tjj- nitrous Alcohol Anisic acid. Aldohyda 

Alkalis decompose diazoanis-oxyanisamic acid, forming •oxyanisamio acid an^ the 
above-mentioned red body 0''H“0h 

The diazoanis-oxyanisamates, C'*H‘*]VPN*0® or (according 

to the atomicity of the metal), are very uustalile in solution, but when dry tliey can 
bear a heat above 160“ without decomposition Tho alkali-met.d-siilts are soluble in 
water ; the rest are yellow or greenish-yellow precipitates 

The ammommn^eali forms golden-yellow luimiice, and decomposes rapidly when its 
aqueous solution is boiled The potamum-ea/t, forms golden- 

yellow laminiB Which give off three-fourths of their water at 120°, the remainder at 
about 160° . at 180° the salt decomposes with slight detonation. The sodinm-saK, 
20'«H'®NaWO'..8H-O, ciystalUscs in golden-yellow six-sided tablets. The magnmum 
salt forms greenish-yellow crystals sparingly soluble in water. 

The ethers of diazoimis-oxyanisamic acid are prepared by passing nitrous and 
vapour into alcoholic solutions of the colTespouding oxyanisnmic ethers. Tho cihylio 
ether is easily soluble in hot alcohol, whence it crystallises on cooling in narrow yellow- 
red laminse, it is likewise soluble in ether, but insoluble m water The mihyho ether 
is exac% similar 

oxtrBBifZbiLniio &cxb. C’H’NO® = Smzamo aeid, 

Amidahenaoic aetd, (Zinin, J pr. Cham, xxsvi. 103. — Chancel, Oompt, rend xrviii. 
422 — Qerland, Ann Oh. Pharm. Ixxrvi 143 j xci. 186. — ^Yoit, thta, xds 100) — 
This acid, the amic acid of oxybenaoio acid O’H“0®, was formerly oniled Benearnta 
acid!, hut the denoniination is ii^roper since benzoie acid is monobasic and cannot 
form an amic aeid (i 166). It may also be regarded as amidohensoio acid 
C'H*(NH-)0°, that is as benzoic acid m which 1 at hydrogen is replaced by amidogen. 

It is metameno witli phenyl-carbamio aeid, (CO)" j-Q. 

It is best prepared by dissolving nitrobenzoio acid m aqueous ammonia, and 
saturating the boding solution with sulphuretted hydrogen, nir being excluded ns far as 
possible. Tho liquid is decanted from tho separ.ited sulphur, and neutralised with 
acetic acid, when it deposits crystals of oxyhenzamio acid, which ai'e purified by reciyatal- 
lisation from water (Gcrland) Scbiff (Ann. Ch. Pharm. ci 91) obtains it by 
. digesting iiitrobenzoio acid with iron-filings and acetic acid. C h an c e 1 obtains it by 
boihug oxybenzodiamida with strong potash until ammonia ceases to escape, and 
super-saturating the hquid with acetic acid. The following are the reactions : 
a’H»NO' + 3H*S •= C’H’KO' + 2ffO + S” 

Nltroboiizolc acid Oxybenaamlc acid. 

(THWO + 3IHO =. G’H'ICNO* + NH» 

Oxybencoauumde Potaaslc Oxjbcncamote 

Oxyhenzamic acid forms white crystalhne nodules, or transparent needles, according 
as its aqiieous solution is evaporated rapidly or slowly It has a awoetish-sour taste, 
and reddens litmus strongly , is sparingly soluble iii cold viatcr ; readily in boiling 
water, aleuhol or ctlur. Its solution decomposes by expoaiire to the air, and yields a 
brown reamons substance. ‘When heated, it melts, gives off irritating vapours, and 
leaves an abundant residue of carbon Heated with spongy platinum, it le deoompo.sed 
into aniliiio and eorboiiic acid. Heated with solid potash, it gives off empyreu- 
matic vapours eontoming ammonia, hut no anihno under the same circumstances 
phenylearhomic_ acid yiSds aniline abundantly. Boiled with fuming mirio acid, 
it is converted into trinitropheme (picric) acid. "When nitrous acid fumes are p.i6sed 
into its aqueous solution, mtrogen is evolved, and a red amorphous precipitate formed, 
which redissolves if tho action of the gas is prolonged . the solution yields on evapora- 
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tion crystals of oxybenzoie acid Nvtrous acid passed into an aleoliolic solution of 
oxyboiizamic acid converts it into diazobeuzoxybenzamic acid {•Bid ^vf), but' 
u lien a' solution of oxybeuzamio acid in cold aqueous or aleobolio nitnc acid is exposed 
to tlio action of nitrous acid, tbo product consists of nitrate of diazobcnzoic acid, 
C'lBNWNHO^ (&riess, p. 293 ) 

Oxybonzaniic acid is converted into benzoic acid by boibng with water and peroxide 
of immganesc, or permanganate of potassium, and by chlorine (in an aqueous solution). 
In an aleoboho solution, chlorine produces a black resinous substance, insoluble in 
water, soluble in alcohol with violet colour. It is attacked by potassio chromate and 
sulphuric acid, carbonic anhydride being evolved. 

Metallic Oxybenzaniatcs. C’H“MO'. — These salts resemble the anthranilntes 
very closely The alkaline and alkaline-earthy salts are readily soluble in water and 
alcohol, and crystaUiee with difficulty. When heated with potaali or lime they evolve 
carbonic uuhydnde, aniline, and ammonia. The copper-salt is a greon precipitate, 
illROlublo in water and alcohol, soluble in acids. There are three lead-salts; one, 
pulverulent and ineolublo in water; another forming sparingly soluble needles; a 
third, more sohihlo, forming shining lamin® The silver-salt is a white curdy precipi- 
tate, which soon becomes crystalline , in boiling water it becomes violet-brown, but 
does not dissolve ; it is decomposed when heated above 100°. 

Oxy-bcneamic ethers. (Chancel, Compt rend xxx. 751.) — ^The only two 
known are the oxybmzamato of methyl, C’H"(CH’)NO*, and of ethyl, 0'H'’(C^H“)N0* 
They arc obtained by the action of svdplude of ammonium on tho corresponding nitro- 
bouzoatos ; on the addition of water, they .sepav.ite as heavy oily liquids, and are 
purified by repeated solution in alcohol and precipitation by water. Potash converts 
them into oxybeuzamio acid and tlie corresponding alcohol; animoma, into oxybenzo- 
diamide and tho corresponding alcohol: 

C'H>‘NO« + NH’ =. C’HWO + C’H'O. 

Oxybonzamatc ethjl. Oxybenzodlamide 

Like plienyl-carbamio acid, oxybenzamic acid combmes directly with acids. The 
hydroohlorate of oxybenzamic acid, O'H’NO'.HCl, separates in groups of needles, when 
hydiochlorio acid is added to the liquid obtained by trealing nitrobonzoic acid with 
sulphide of ammonium (V oit) With dichloride of platinum, it forms a yellow ckloro- 
plaiinaie, 20'H’^^0'■'.H•'01’.Pt‘’Cl^ The nitrate, C’H’NO' NO"H, is foimod when oxy- 
ben/amio acid is heated with nitric acid , the acid dissolves quietly, and eiystnls 
separate out on cooling, which are repeatedly crystallised from water. It forma thin 
lamimc, permanent lu the air, and soluble in water and alcohol The sulphate, 
2(C'H’NO') SO'H*, IS formbd when oxybenzamie acid is dissolved m strong sulphurio 
acid Heatis evolved; and the mixture solidifies on cooling into a mass of shining crystals, 
which aro purified by roorystallisation from hot water. It is permanent in the air, and 
hasanmtenselyaweettaste It is partly decomposed by hot water, sulphnnc and oxybeu- 
zamio acids being formed, tho same docomposition is effected by potash, by tho carbo- 
nates of barium and lead, and by boiling with chloride of horium. (Cterland.) 

P. T. 0. 

I 

Aoetoxybenzasnlo Add, C®H*N0“ = (C’H'‘0)"[o Cbom. 

_ _ H ; . ' 

Soo. Qu. X xiii. 236). — This acid, metameric with hippnrio acid (benzoxaootamic acid, 

H ^ 

(C“ffO)"[o’ “ pro3“°od: !• heating oxybenzamic acid with 

acetic acid to 130° — 140° in a sealed tube : 

C'H’NO* + OWO= = O’H'fTO* + ffO. 

2. By the action of chloride of acetyl or acetic acid on osyhenzamate of zinc 
0»H'=Zn'T!l«0* + 2C2H'001 = 2C"H“NO“ + Zn"Cl'. 

The first process is the best. The product is dissolved m an alkali, precipitated with 
hydrochloric acid, and purified bj' recrystalhsation, with aid of animal cbarcoal. 

Acetoxybenzamic acid is a white powder consisting of microscopic crystals, nearly 
insoluble m cold water mid ether, spanngly soluble in boding water, easily in boibng 
alcohol. Like hippuric acid, it dissolves easdy in ordinary phosphate of sodium, forming 
an acid solution from which it is precipitated by acetic acid and by mineral acids With 
strong sulphuric acid and glacial acetic aotd, it forms colourless solutions which are 
preeipitatrf by water, With hydrooMone and nitric acids it appears to form solid but 
u 2 
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e.isily deeomposiHe compounds It snbliroos nt 200°, molts between 220° nnd 230° 
uiid begins to bod iit 200° It is not decomposed by boding witli water or with dduto 
iieida, but when lie.ited with Iti/di ocldiiric or diliiip i,rdjiha,-ta acid to 140° in a Be.ded 
tuba, it is resolrcd into ncotic acid .iiid (bj droeldoiMte or sulphate of) oxybon/nmio 
and, .pist iis bippiirie acid is resohed under simibir circumstancos into beusoie and 
oxyucctamic acid or glycocino (iii IdS) • 

G”H»NO” + E-0 = + C'H'IS'O^ 

Wlien treated ivith .in alcoholic soliitinii of hydrochloric acid, it yields, slowly in thn 
colli, more quickly at 100°, oxybenzinnato and aectata of ethyl, togetlier With the free 
aeida Wlien nitrous arid is passed into a boiling solnlion of ncetoxybonzaniic acid, 
or when a niixtoe of the lattor with nitric acid is treated with nitric oxide gas, azo- 
compoimda are proditcod, but no iicetoxy benzoic acid 

Aoeiocct/bcnnamaies — ^The patassium- and sodtum-saHs are easily soluble in 
water and in alcohol, insoluble in ether, and difllcidt to crystallise The sodmm-sali 
di'ied at 120° bus the composition O>H"NuIiI0’ — The harnim-salt, C'®II’“Iiii"N'0".3H“0, 
is also easily soluble and crystallises in slender needles — The calcmm-mlt, 
G‘®H"Ca"lFO".3H'0, is deposited from the hot solution in thm rhombic himinie —The 

lead-salt is a white precipitate wlueli molts in boding watei and gi'adnally dissolves 

Nitrate of tilmr and chlonde of eino do not preeipitato moderately strong solutions of 
acetoxy bonzanintes. 

Kthyhe v.vt/h mamafe appears to bo obtained as an oily, gradually solidifying com- 
pound by heating acetoxybeiizamic acid inth alcotiol to lo0° 

7^5 ] 

Benseoxybenzamlo Acid, C^H'iNO* = (C’H<0)'T0’ P’^°' 

H ) 

dneed by the action of chloride of benzoyl on oxybonziiniate of zine. The product, 
which IS nisolnblo m ether, sparingly soluble in water and m alcohol, and resembles 
acetoxyhenzuraic acid in taste and in appearance under the microscope, is probably iden- 
tical with the glycobcnsaiim acid whieh Cahoura obUined (Ann Ch. Phiirm, cm, 00) 
by treating cxybenzamate of silver with chloride of benzoyl (Foster.) 

Dlazobenzo - oxybenzamic or Dlazobeazo- amidobenzoio Acid. 
C»H'‘N®0^==G’EWO®.G’H’NO* (P. Griess, Ann Oh. Pharm cxvii. 834 . exvn. 1 ) 

— Tills acid is a product of the action of nitrous acid on oxybonzamio acid- 
'2C’H’NO'‘ + NHO‘ =. C“H"NO‘ + 2H®0. 

It may he regarded either as a double or conjugated acid composed of a molecule 
of oxybenzamic acid associated with a moleeiue of benzoic acid hav mg 2 atoms of 
hydrogen replaced by 2 atoms of monatomic nitrogen, ns represented by the preceding 
foi'inula, or as a double molecule of oiybenzamio .loid having 8 atoms of hydrogen 
replaced by I atom of tnatomie nitrogen, in which case it may bo oaPed azo-dioxy- 
benzamic acid, and represented by the foisiinla C”(lr'‘N'")N®0*. The foisner is tlie 
view adopted by Griess for this aoid and its honiologues 

It is prepared by jiassmg uitiuua acid vapour into an alCo'fiolic solution of oxy- 
heir’amic acid externally cooled (the aqueous Roliition does not yield a pure product), 
or better by mixing nitrite of ethyl (obtained by saturating alcoliol m the cold with 
nitrons acid) with alcoholic oxyhenzamic acid, and heating the mixturo to about 30°. 
The acid then separates in niieroscopie crystals, which may bo purified by washing 
with alcohol. 

Diiizobenzo-oxybciiziimie anid forms crystalline nannies or small needles of a fine 
orange-yellow colour. It bns neither taste nor smell, and is neiuiy insoluble in vmler, 
alcohol, ether, sulphide of carbon, ani chloroform. It dissolves in mineral acids, especiiilly 
with aid of heat, but does not separate therefrom without alteration. It dissolves in 
potash and in ammonia, and la precipitated from the solution by acids, even by acetio 
aciA It may bo dried at 100° without decorapiosition, but .it 180° it explodes and 
gives oft’ gas with violence. Hydiochlono acid at a gentle heat, converts it into 
chlprobenzoio acid and hydroehlorato of oxybeuzamio aoid, with evolution 
of nitrogen • 

C'HWO’.C’HTSrO® + 2Ha ■= C’H'ClO® + G'H’N07.HCI -1- m 

Hydnodio iwidactsma similar manner, producing lodobenzoic aoid C’H'IO’, 
nnd hydriodale of oxybenznmie acid A similar action appears also to be exerted by 
hydrojlnonc acid, hydrocyamc acid, nnd the bromide, iodide, &c., of ethyl. Bromine in 
tho anhydrous state acts with great violence on diazobonzo-oxybenzamie acid, nitrogen 
nnd bydrobroraic acid being given off, and a resinous mixture formed, consisting of 
several brominated acids. If bromine be added to the ucid snsjicnded in water, the action 
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takra pl.ice moro quietly, and .a product is obtained from wbicb bromobenzoic ncid, 
C'H'BiO q luid t r 1 b r 0 ni 0 b 0 n zo i c ac i d, G’IPBr"0- (or compauudsiaomene thorewith), 
may be &epar.ited. Biomnintod darivatn ea of oxybenzoic acid and of oxybenzamic acid 
are probably formed at the same time Chlonne acts like bromine, liidim acta lesa 
eiu'i-getic'idly, the dry riipoiu'S not nttaekiiig the acid at all, but when iodine is added to 
boding -natoi muliieli the aeid is suspended, lodoxy benzoic .icidis formed, together 
iiith hydriodatc of oxybenzamic acid. The former of those produeta is ncai'ly 
insoluble in water, the latter easily soluble: 

Chhi'n-'O* + I» + H"0 = C’HTO’ + C'H’Wni + N*. 

Fumimj mtrio acid decomposes di.izobenzo-oxybonziimic acid with riolence, and seta 
it on fire Ordinary concentrated intne aud diesolves it at a gentle heat, forming a 
reddish liquid, which decomposes at .i higher tonipeiatiire, with violent evolution of red 

v. il>0UTs , and the remiunmg liquid, when ev.iporated, yields among other products, 

ei^stnls of trinitroxyheiizoic acid, C'H’j^N0^)*O’ Nitrous arid p.isacd into 
boding water in which diazohenzo-ox>heuz.\nile acid is Biiapeinlcd, converts it into 
lutroxyhenzoio acid, with oiolntiou of mtrogeu. Prohibly oxy- 

benzoic acid IS first formed, according to the cquiitiou • 

C”n»N>0< -(■ NHO* = 2C’H»0’ + m 

But if the dinzobeiizo-oxybcnzaniic ncid be suspended in tiloohol picvioimly saturated 
with nitrous acid, an udditional quantity of nitrous giis then passed into it, and the 
alcoliol afteni .U‘ds evaporated, a red-brown residue is obUineil, consisting chiefly of 
B a 1 y 1 1 c a 0 1 d. The react ion appc.irs to take place ns follows . 

cnnnj^ao* -|- 2CW0 + NHO* = 2C’H”0* + 2C-iHiO + 2H-’0 + m 

Diazobaizo-oxjbeu- Alcebut Ni luut Salyllcacid AlUeli)de. 

■\Vhon a solution of diazobcnzo-o-vybonzamie acid m aqueous ammonia is evaporated til] 
jntrogen ceases to eseape, then a bttlo further coiicciitiatod on tim water-bath, and mixed 
■K ith hydrochlorie acid, a rod amoiplioiis suhst.uice separates, having apparently the eoin- 
position ; and the liquid ret-iins oxybenzamic acid combined withlijdi'oohlorio 

2C"H>‘N»0< + H=0 = C»H'»0» + 2C’H'NO’ + N\ 

Diazobenzo-oxybeiiznmatcs The acid dissolves in alkalis, neutralising them 
completelv, and expels oarhonio acid from carbonates The general formula of its salts 
IS (J“H"l!iI-N®OS or according to the atomicity of the metal The diazo- 

bcuzo-uxybonzamates of the ttlk.di-inetids are easily soluble in water, stiihlo when dry, 
but doeonipose easily in solution, giving oif nitrogen gas With solutions of the eiirth- 
motnls and heavy niehds, the aeid forms insoluble or sparingly soluble precipitates 
Tlie ammonium-saU, forms mieroseopic needles Tlic jiotamiim- 

salt, is best prepared by dissolving the ncid lu a large excess of carbonate 

of potassium liciited to about 80°. It then sepai-ates on cooling in extremely small 
yellowisli-wluto needles, which exhibit ’ 1 ' ' ’ i i e , m the motlior- 

liqnor It dissolves readily in hot wu. ules , sparingly 

m a strong solution of earbonato of potassium; not at all m alcoliol or other After 
drying iii tlie air, it does not give off any thing <it 160°, but detonates at a higher 
tenipovature The sod; nw-sait closely resembles the potassium-salt The iarimii-^alf, 
C'9i“B.i"N®0‘, IS olif nuied by mixing tlie solution of the potassium-salt with nitrate of 
barium, as a yellowisli-wliite cryst.dline precipitate, nearly lusoluble lu water, quite 
in.solnble in alcohol and other The catmim-saH is very siimhir ’Shrmugimiuhi-salt 
crystallises in yellow needles often grouped in small spheres, readily soluble in water. 
The feme salt is a yellow precipitate The eino-saU is yellowish, amorphous, insoluble 
in water. The coppt i-saft when dry is a greeiiisli amorphous powder. The m/i ceric 
salt IS a yellow-green p"ecipitate Tho sdvir-sult, C“H"Ag=N“0*, obtained by tieatnig 
a neutr.il solution uf the ammoiinira-saJt with nitrate of .silver, is a greenisU-yelhiw 
gelatinous precipitate, yellow when dry, insoluble in water, alcohol, and etlier, per- 
manent at 100° G, detoiiatiiig at higher temperatures 

Diazubcnzo-oxybcneamio ethers The et/n/ZiC compound, G'*H“(C-H.'BN“0*, 
isobtainedbypassuiguitrousaeidgusintoanalo-’ ’ V‘ ’ 

and sepanfes in yellow crystals, which quickly i ■ 

if not too ddute By wasluiig with cold alcol 

.ilcuhol, the other is obtiuied in golden-yellow eupuiary iieeuies ii. is lusoiuuie in 

w. itev, muderatoly soluble in boiling alcohol and ether Melts at 144°, but does not 
solidify agniu till it has been kept for a d.iy at a low temperatiiro. When strongly 
heated, itdccumposes with evolution of nitrogen. It dissolves, though with difficulty 
in dilute acids, and is precipitated by ammonia. 
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pa'^sme mtrous acid into an ethereal solution of mothylic oxybonSmTto Tt 
sepMutes in ciyttalhne spherules, which dissolve witli moderate fIcilX t ^ 
alcohol, and sopiirato on cooling oithcr in the same fnnn or in ohtnsA 1,™ * i 
yellow eryatals ,It is insolnblfin natei, melts at 160O,™nd exhit Th same S 

^eSets! “tSSr resembirrX 

DlazobenzolcAold. C'HW = C'ira=0|o 

compound with nitric acid 

yellow mass which qnieldy decomposes Itiinites with other acids, namely w^h mi 
and hyi^ehloric acids, and with osybenzamic acid, forming the acid Zules™!, “ 

mm^o.cl,n.cba>.o^o^,d, C’ffN=0» ^ G'H W.NHof i produicTbJX m 


mtrmo-amzobcneoic aeid, C’ffNsO" G'H^NWNHO^ is nroduLid hv7h. . 
of nitrons acid on a cold solution of oxyhcnsamic aeid in aqueous or llcoh^L ,'™ 
acid It aepTOtos Imm the solution in white pnsms, whfch dissolve mar, 1? “° 
cold water, and explode violently when heated. Boiling water decomnoscs , t o ^ ^ 
with evolution of nitiogen, separation of mtno acid, and nrobablv 3b f ^ q^ckly, 
oxybenzoio acid, perhaps thus, probably with formation of 

C'HW.NH03 +’ mo « C®o» t B* + nH 0». 

mijflic mtraio-diasodenmaie Is obtained by the action of nitrous acid m, .a v 

2C’HW.2HClBtCl« + 4ffS = 2C’ffO’S + 6HC1 + Pta. 
Biozybenzamlo Add. C'HW = (0®0r|N» (Yoit, Inn. Ch.Pharm 
xcix, lOG )-Tk8 acid, be regarded as a diamic acid derived from a hypo- 
thetical dioxybanzoic acid, io» or else as diam-d i, ^ 

chlLe acid, ffl^edZt ’aTtr^ -'‘I' hydro- 

3“ «“lphate, and decomposed h" haptic Sate 

deposZ broS «rc3atZ Tk rP”’ 

obteuied as above, 38 punfiod bv soliifinn m jt,. hydroohlomto 

the piiP6 compoiind/c^HWC^aHCl is thnn 

.a w t 1 alcohol or ether Its S&n tomtsZt soluble 

Wenitrafe andLkV^XStlle afd^'^r'"’ 

-^->-«>y-“7=bahsat,onfrmn alZhKwZ SZkSho? 

with il 1 i^omenc 

of ammonfw^nZ^eLZde^inZnLsZL^^^^ ®^Phido 


(CH^Orj^, 


2H»0 


^ (va™ TO,, .M4 

.*.» ,«.H, .™ ,ri _ „ ^ d™.iS“6 ™X"i SL"‘S“d 
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meltfl at 72° ; the dehydrated comyoiind above 100° , at higher temperatures it decom- 
poses, leaving a carbonaceous residue. When gently heated with pjtmh-lime, it is 
reaolTcd into ammonia and oxjheiizamato of potassium- 

C’U"N“0 + KHO = NH* + C'H»]OrO= 
the latter being further resolved, at a higher temperature, into aniline and potassie 

C'H«jS2T0« -t KHO = OTltf + K“CO». 

Heated with sulphuric acid, it is resolved into carhonie anhydride, acid sulphate of 
ammonium, and phenyl-sulphamio acid : 

C’HWO + 2ffSO* - CO'" + ™'|S0* + Is^rj-Q 

Oxybenzodiumide unites with acids. Tiiemtratc, C'^N'O HHO’, forms crystalline 
crusts or nodular groups of prisms sparingly soluble in water. On mixing moderately 
dilute solutions of oxybeurodiainide and siher-mtrato at the boiling heat, the liquid on 
coohng deposits the compound O’H'H-'O NAgO" in needles which become coloured 
when exposed to light. The hpdrochloiate, C'H“H'"O.HCl, crystallises from aqneous 
solution in small needles. A solution of oxybenzodianude m hoUmg water, mixed with 
excess of hydrochloric acid, and then with pUtimo ehlorido, yields long oisiuge-colouted 
prisms of the plaiinum-sali, 2C’H*N''O.H'‘Cl'".]?t''Cl^ (Chancel.) 

An ethereal solution of oxyhenzodiaraide treated with niti out acid, ;^elds white explosive 
needles of uitrateof diazohenzamide, ® ®|n.NH 0’, which, when treated 
with hydrochloric acid and platinio chloride, yields the salt 20'H‘H''0.H'"CHPt'’01'*, 
(On ess, Ann. Ch. Pharm oxx. 127.) 

H ) 

OX-STBEurzoiO ACID. C’H“0'> = (C»H"0)''V0». (Gerland, Ann. Ch. 

I’harm. xoi. 185. — Griess, ihd. cxvii. 1; Zeitsclir. Ch. Pharm 1862, p. 97 ) — An 
acid metameno with salicylic acid, obtiimed 1. By the prolonged action of nitrous acid 
on oxybouzaiuio acid (Gerland). In this reaction, which yidds but a small quantity 
of oxybenzoie acid, diazobenzo-oxybouzamic acid is first formed, and aftorwaids par- 
ti.dly converted into uxybenzoic ueid (Griess, p. 292) — 2. It is niuolimore easily 
obtained by decomposing nitrato-diazobenzoie acid with boding water (Griess) : 

C’H^N’O'NHO* -f- H'-O = C’H«0» + NHO» + N». 

Oxybeuzoio is a colourless or yellowish erystalliue powder, sparingly soluble in coldtoafsj- 
and alcohol, easily soluble in the same hquids at boiling boat ; the eolutiona are strongly 
aeid. It melts at a high temperature, and distils witliimt decomposition ; voUtihses 
with vapour of water when its aqueous solution is boiled, and condenses in shining 
needles. It is pernuinent in the air, and does not lose weight at 100°. When quickly 
heated, it splits up (hke salioyho amd) into ciu-bomo anhydride and phonylio alcohol , 
the decomposition takes place more easily when the acid is heated with slaked hme. 
It IS distinguished from salicylic acid by the fact that its aqueous solution is not 
coloured violet by feme salts. (Gerland.) 

Oxybenzoio .icid is monobasic, it displaces carbonic acid and noutraliBes alkalis The 
oxybenzoates of the alkali-metals are very soluble and difficult to eiystalliae , those of 
the alkaline earth-metals are loss soluble and crystalliso in needles; the restaie insoluble 
in water and in alcohol, but soluble in ucids. The lead-salt contains C'*H"’Pb''0*. 
(Gerland.) 

ladoxyhenzoio acid, C’H“IO“. — Produced by the action ofiodine on diazohenzo- 
oxyhenzamio acid (p. 292). It usually cryataUises m long narrow colourless lamiuis, 
which sublime at a gentle heat, but are decomposed when qmckly heated, giving off 
vapours of iodine. (Griess, luo. cii.) 

Nitroxyhaiicoio aoid, O’ffNO’ — C'H’(N0°)0”, is formed by the action of nitrio 
acid of specific gnivity 1-36 at ordinary temperatures on oxyhcnzoic acid ; with stronger 
nitric acid, more highly nitrated products are obUiued winch expilode violently when 
heated (Gerlan d) The mononitrated acid is also produced by the action of nitrous 
acid on dmzobenzo-oxybenzumic acid. (Griess.) 

Nitroxjbenzoic acid dissolves in hot water, and separates on evaporation in flue yellow 
crystals belonging to the rhombic system It hae a bitter, disagreeable taste, and 
imparts a yellow colour to a large quantity of water. It is strongly acid and displaces 
c.irbonic acid Sulphide of ammonium decomposes it, with precipitation of sidphnr. 

Aiiioxykncoafe of potassium, 0'H*K(NO'')O‘, is sparingly soluble m cold, easdy 
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soluble in boiling Tifater, and crystalliaes therefrom in beautiful golden-yebow shining 
prisms, resembling picrato of potassium. It explodes slightly when heated. (9erland ) 

Trt nitroxg bensoio acid, is produced by the action of 

ordmaiy nitric acid at a gentle bent on dlazobenzo-oxybensiimie neid. It crystullises 
ill nearly white rhombic pnsms, which have an intensely bitter taste, dissolve easily m 
tvuter, alcohol, and ether, formui" yollow solutions, molt nheu heated, and detoiuto 
violently at liighor tomperntures The acid is decomposed by sulphide of ammonium, with 
separation of sulphur, and form.itioii of a new compound. 

The trinitroxybenzoates, C’HM'N’O" or C'HM"IPO', are nearly all soluble in 
water, iindsomooftliemformflnecrystals. The ammoKnim-sofi: contains C’H(NH^)=N''0'’. 
2H-0 ; the banmn-sedt and the silver-salt are anhydrous. (Gri ess.) 

OXYBTTTyizlC ACID. This nnmo is sometimes applied to Wurtz's butybictic 
aeid, C^H'O'' (i G88), produced by tlie acbon of dilute nitric acid on hydrate of amylene. 
Ti'iodelaud Machucti, however (Ann Oh. Pharm. cxx. 279), apply it to an acid 
having the same composition as butylaetie aeid, but differing from it in soma respects, 
wbieb IS obtained by oxidising dibromobutync acid with silver-oxide. It forms a 
zmc-sali containing C®H“Zn"0*, which crystallises in radiate nodules, not in nacreons 
laminae, bice the butylnetate. The acid separated from the ziao-salt yields on evapor- 
ation a syrup which crystallises ui vacuo or over oil of ntnol, in dehquescent rosettes. 


ox7SVX'n»oxTx..pRopzoxric ethbr, Kolbe's name 
C'H’O 1 

hutyrolacb'e ether, (C^^0)"|0®, which he represents by the forinida* 




OXVCARBOX7UC ACID. C'E^O”.— An acid produced by the action of 
eblonne or nitric acid on trihydroenrboxjdio acid (ui. 189). It onrslallisea in hard, 
colourless, rhombic prisms, insoluble in alcohol or ether, sparingly soluble in cold water, 
easily soluble in dilute nitnc acid. 'When heated to 100®, or treated with warm water 
or with bases, it becomes brown-red, and is converted, with evolubon of gas, into dihy- 
drocarhoxyhc acid. (Lereh, Ann Oh Pharm. exxiy. 20.) 

OarboxyHc acid, is known only iu its salts, which are formed by 

oxidation of Uio hydrogen in the trihydro-, dihydro-, and hydi'O-carhoxylates. The 
ni viral poiussium-salt, C'"K^O'“, is black, hut turns red when exposed to the air. A 
green ^stnlhuo pviassmm-salt, 0"'BQC“0"’, the corresponding aiwmnimn-salt, 
0 '<'H(NBr*)“0"’, and a red acid potassium-salt, 0"'H“K'0"’, have Idcowiso been obtained. 
These salts when decomposed by acids, yield, not carboxylic but rbodizonie acid, 
according to tbo oguation ; 

C>"H'0'® -t 2H»0 = 2C»H^O». 

Cnrlioxyllo Rliodizonlc 

acid. acid 


OX-S-OARiaiNTIc ACID. CffO’.— An acid, said by Scbiitz enbei'ger (Ann, 
Ch. Pliys. [3] liv 62) to exist ui cochineal, together with oomiiuiQ acid (see OaniimB, 
i. 804). 

oxvcHliOiMC ACID. Syn. with PnncitDOBia Aoiu (see CHnojimE, Onnus 
AND OxiUEN-AClDS OF, 1. 910) 

OXircHIiORIDES. Also called Basic Chlorides. Compounds of metallic 
ddorides with the basic oxides of the same metals , they may he formulated on the 
type®®^|. They ore produced by imperfect proeipitabon of a metaUio chloride 

with an alkali, _ e. g of mercuric chloride by lime-water ; by the action of water on 
metallic chlorides, as in the pecipitation of autimonioiis chloride by water, by the 
partial decomposition of chlorides by oxygen, or of oxides by ohloniio at high tempera- 
tures. Several oxychlorides occur as natural minerals, having been formed by the 
action of air and water on chlorides (geo the several IffiiSTAia). 

OXtrCBEOROCARBOBTIC AOID. Syn. with Chuoiudb OF Oaeboito or 
PSOSOBNB (l. 774), 

OXYCIWCHOKriHB. _ (H Strecker, Ann. Ch. Pharm. cxxiii. 

379 ) — base isomenc with ipiuiiao, obtained by tbo action of potash or silver-oxido 
on an alcoholic solubon of dibromocinehouine (i. 978). By passing carbonic acid gas 
into the solution after prolonged boding till the potash is noutrabsed, then evaporating, 


• H » 1, C = 6, O « 8, 
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tteating tlie rebiduo first with water, then witli ulcoliol, and leaving the alcoholic solu- 
tion to cool, oxycinchonine is ohttiiiied in colourless ctystulUiie kmmte, easily soluhlo 
in .leids. Tlio sohiUona arc not fluorescent, and do not hecome green on addition of 
ehloriiie-w.itor mid ammonia Tim neuiial btdjphate, 2G=“H"N'‘0’.H;-S0'‘, erystnlliscB 
well. Tho ehhrojjintmati', C“H-'N"OMI*CP Ptf'Cl^, is light yellow, sparingly soluble in 
hot w.itor, insoluble in alcohol and ether. The di-acid salts do not crystallise. 

OXYCOBAIi'rZC SAIiTS. See ConAiT-nAsES, Amitoniacai. (i. 105G). 

OXTCBOCOHIO ACIS. Syn. -with Leucomio Acid (iii. 684). 

OXVOTrnilJVAiniC ACIB. C“>H>“N0‘ = (0'”H*»0)"tQ or Amidocummie 
H J 

acid, )0“ — An acid derived from oxycumime acid in the same manner os its 

homologuo oxybenzamieaeid is derived from oxybeiiroie acid (see Cuminio Acid, ii. 170). 

Dm-ocnnm-oxnomnnmnic mid, C™H-WO< = C'"H'‘>N-0'‘.C"'H'“NO'', is obtained 1^ 
the action of nitrous acid on an aleohobc solution of oiyenminamic acid cooled with ice, 
carefully nvoidiiig an oxce.'.a of nitrous acid It crystallises in yellow micro.soopie prisms 
orlamiuoe. It is the least stable of all the compounds of the scries, being decomposed 
with evolution of nitrogen when boiled with alcohol Its reactions are precisely 
analogous to those of diazobenzo-oxybeiizainio acid (p. 291). 

OXYCUKiHib AOin. GI''H“01 Seo CuMnne Aain (ii 179). 

OX-Sa>IBBOMOZ>K£lVYI,-SirBPaVAIO ACIB. C"H<Br'.SO*,— An acid 
produced by the action of boiling water on diazo-dibromophonyl-sulphunc acid (seo 
rirm’i-stJtpEciiio Aom) 

oXYBRACYliAMXC ACIB. Syn with PAnA-osTHEKZAiino Aom. 

OXYFBtroBIBBS. Fbiormo-eompounds analogous to the o.xyclilondos. 

OXYGEN. Atomic weight 16. Symbol 0, — Synonyincs . Oxn^ine, Oiygcnivm, 
Sanmtoff, Vital Air, Fim Air, Dtj^Mogistigated Air, Finerluft, Anchfging pmiciph’. 

Oxygen is tho most abundant of all tho elements. It forms eight-ninths of water, 
nearly one-fourth of tho air, and about ono-half of silica, chalh, and alumina, the three 
most plentiful constituents of the earth’s sm'fiicc. With a few exceptions only, of 
which the prmcipal are rock-salt, fluor-spar, blende, galena, and pyrites, it enters into 
the coustitutiou of .ill import.int rocks and nimeruls. Independently of its existanco 
in tho water of the tissues, it is .in essential constituent of all living organisms It is 
absorbed by animals during respu-ation, and evolved in the free state by growing vege- 
tables when exposed to sunlight. The oxygen of the atmosphere is mech.uiieally 
mixed with the uitrngeu and other constituents, hut is chemic,illy free or nneonibined. 
Oxygen gas was discovered by Priestley in 1774, and ajear later by Soheele (see 
Gas, 11 . 7.78). Its name is derived from arid, and yev, to produce, because it wns 
formerly leginded us osseUtul to tho constitution of an aeii (Seo Aems, i. 41 ) 

Pri'pai aiion — 1 Oxygon giis may be prepared by applying a greater or less degree of 
heat to various oxidised substances, such, for instuiice, as the oxides of mereiuy, silver, 
gold, mid platinum ; tho peroxides of hydrogen, h.mum, lead and manganese, and the, 
chlorates, nitrates, bichromates, &c , of potassium and other bases. 

a. Oxide of merowg is iiitcresting as being the substance from which oxygen was 
ongiiiiilly obtained. By heating it m a flask, it breaks np into mercury-vapour, which 
may bo condensed in a receiver, and oxygen giw, which may be collected over w.itec. 

i8 Feromde ofmanganisc is a very cheap source of oxygen when large quantities are 
required. The subataueeslioukl he heated to redness man iron bottle, w hereby oxygen 
gas lb given off, and a lower oxide of mangnucfae leftbehmd SMnO-* =. lln’O'' -e 0'-. 

y. Ghlot ale of potassiwn, however, coiiatitutes tho most generally available aourco of 
the gas for preparation on tho laboratory scale. When strongly heated in a flask 
of hard glass, It melts, gives off the whole of its oxygon, and Ic.ires a residue of chlo- 
ride of pot.is.sium KCIO* = KCl + 0‘. Tho temperature required to otteet 
this decomposition completely is so high, that tho ii.isk, though made of difficultly 
fusible glass, usually becomes softenod, and yields to the pressure of the gas, winch .it 
last forces .in opening through its .side or bottom It is found that the chlorate gives off 
its oxygen at a much lower temperatime when mixed with about one-eiglith of its weight 
of some inotiiUie oxide, such as that of copper, or iron, or manganese. Under theso 
circumstaneos, tho salt does not fuse, but the resulting gas is less pure tb.in when the 
uumixed chlorate is employed 

S A concentrated aqueous solution of hgpuchlante of calamn (bleaching powder), 
gently heated with a small quantity of peroxide of cob.ilt, is completely resolved into 
eliloride of calcium and oxygen The g.is is evolved with great e.ibo and regularity, so 
that tho method is well adapted for the proparatioii of largo quautilies. The same 



298 


OXYGEN. 


quantity of cobalt-pproxide (about J to A of the weight of the bleaching powder) may be 
repeatedly used for the purpose, as it does not undergo any permanent chance hut 
appears to net merely as a earner of oxygen, first taking it from the hi-poehlonte’ and 
piiasmg to a higher stute of oiadation, mid then gn ing it up again. The special pro- 
piu'ation of tile eobnlt-peimide may oven be dispensed with altogether, a few drons 
of liny cobiilt-soliitioii being simply added to llie solution of bleaching powder at the 
eumnieneoinent of tlio process , the cobalt is then immediately com erted into peroxide 
by the oxidising action of the liypoeldorite. It is necessary to use a clear solution of 
Weiieliiiig powder^os if milky it is apt to froth cousideiably (Pleitmann, Ann, Ch. 

f FamideoJ banrnn, when strongly heated, gives up one-half its oxveen to nre 
duce baryta BaO- = BaO + 0 By passing a ouiTOut of moist am over^lhe 
le^s heated biirytu, it absorbs oxygen and re-produces the peroxide, which a sti'ouger heat 

iigind 0 1 s 80 that, by repetitions of the process, a small quantity of the peroxide 

cun, as was shown by Boussmgault (Cbom. Soc. Qu, J. v. 209), furmsh an indefi- 
nitely large quantity of oxygen. A patent for the preparation of oxygen in this man- 
ner and Its apphcation in various chemical operations, has been token out bv Mesm>. 
Swindells aud Nicholson (Chem Gaz 1SS5, p. 139) 

C Deville and Dehray (Gompt rend. 11. 822, Ann. Ch Pharm cxvii. 2961 
recommend tor the preparation of oxygen on the liu'ge scale ,-l. The ignition of zino- 
sulphutc, which at a temperature uot higher tliuu that requmed for the decomposition 
of peroxide of manganese, gives olT a mixture of sulphurous acid and oxygen —2 The 
decomposition of sulphune acid, which, when passed m the state of vapour over rod 
hot platimim-foil or platinum sponge, is resolved into snlphiirous acid and oxygen Bv 
passing the gaseous mixture obtained hy either of these processes through wate or an 
ulkiilmo solution, tho bulphiu'ous acid is absorbed, and the oxygen set free The 
aqueous sulplniious acid thus obtained may he utilised in the mamifaoture of suiphiirio 
acid. Tho decomposition of sulphuric aoid in this way is recommended hy Do villo 
and Dehray, also by Be Luca (Compt reud.hu. 188). as the cheapest of all methods 
ot obtaining oxygen m large quantities. uviauus 

7) Another method which has been proposed for obtaining oxygen on the manufac- 
turing scale IB the ignition of a mixture of nitrate of sodium and oxide of zino ( See 
an exammation of this process by J H. Pepper, Chem News, vi 218 ) 

2. Oxygen may also he prepaa'ed hy the aotiou of sulphune aoid, at a moderate tern- 
porature, upon certain highly oxidised compounds, such as the peroxides of lead and 
manganese, the biehioinato and permanganate of potassium. &e. These reactions are 
seldom employed for the purpose of ohtamiug free oxygen gas. hut are extremely con- 
vement as means for afloiduig oxygen to various other bodies, or, lu other words, ior 
oxidising them. Thus hjdroehlone acid HOI, when faeated with sulphuric acid and 
permanganate of potassium, becomes hj poehloions aeid HGIO, Alcohol C*H“0 when 
treated with sulphune acid and peroxide of mangauese, yields aldehyde C-H<6 and 
water H-0. Ciimime acid tieated with snlphiu'io acid and aoid chromate of 

potassium, ynelds msolimo aeid C"H*0, together with carhonio anhydride CO' and 
m^°a^*fo?lov7s^'^^'*'^ ^‘-‘•‘■ctioiiB, so fat us regards the evolutaon of oxygen, 


MnG' 


MnS0‘ 

KMu(SO*)« 

2{K(S(SO<)-} 


2H20 

4H=0 


3. Oxygen may he obtained by the electrolysis of water, being hberated at tho 

positive pole, (bee EinoTiaciTy, u. 432 ) ° 

4. When fresh mint or parsley, or other active leafy plant, i.s immersed m carhome 
acid water and exposed to suuhght, oxygen is liberated from the leaves m considerable 
quantities. Tho expenment is best conducted m a tuU inverted cyhnder, so that tho 
oxygen gas may coUectiu Its upper pait, hy displacement of the caibonic acid water 
which should originally fill the vessel. 

6. Tiiero rae numerous other reactions which serve to liberate oxygen, hut they aie 
not employed us means for the preparation of tho gas. Some of them, however^ are 
very interesting Thus when oxide of silver reacts with peroxide of hydrogen, there 
are produced water, metidlie sdver, and oxygen ; Ob- 

ffO* + Ag'O = H'O -e Ag“ + 0^ 

“ colourless, tasteless, and inodorous. It is the least refractiTe 
of aU the gases. It has resisted every attempt to effect its liquefaction. It is tile most 
miigmetic of all gases (see JHaonetism, m 773). It is heavier than atmospheric air 
n, the proportion of 1 1068 to 1-0000 It is very sparingly soluble in waterioTvob 
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\iiiips offthicli lit ordinary temperatures mm only retain about 3 volumes of the gas. (Svo 
Uases. Ausorption of, i 1 787.) Nearly all natm'ol waters contain dissolved oxy- 
gen, and can only bo freed therefrom by prolonged ebullition in vacuo The chemical 
re.ictiims of atmospheric air depend principally upon the oxygen which it contains; 
tin' air being, m its chemical rol.itions, merely oxygen gas mixed, or diluted, with about 
lour times its volume of niti'ugoii. 

Oxygon 111 the free etato, whether or not diluted with nitrogen.maaifests considerable 
cheniicul activity, oven at ordinary temper.vture3. With the single exception oflluorine, it 
h,i3 been made, directly or indirectly, to imite with every known element. Some reactions 
of oxygen are intcreeting from their employment ns means for detecting the presence of 
the gas, or effecting its removal. Thus an alkaiiae solution of vxdigo absorbs oxygen 

rapidly, at the same tuna becoming blue An alkaline solution of apyrogatlate absorbs 
uxjgen, forming an opaque black liquid. Nitne oaaiic ^as, which is perfectly colourless, 
unites witli oxygen to form deep orange-red vapours. F/wsyhoriis slowly absorbs oxy- 
gen, us do also moist hon-mre, moist Imd-tui mnns, mo\a\, saw-dust, and many motallio 
conqiounds, aaeh, for instance, as ammouio-auhehloride of copper, or chloride of enpros- 
auimonium, the protohydrates of iron and manganese, the white double eyamde of 
potassium and iron, &o 

The minority of the metals, when in the massivo state, remain perfectly bright and 
unacted upon in dry oxygen or air, hut in moist oxygen or air, many of them become 
slowly oxidised. The coating of oxide first formed fiequontly protects the metal from 
more than a superficial oxidation, as is notably the ease with lead Some of the 
ordinarily permanent metals, when in a very finely divided state, for instance lead as 
obtained by the ignition of its tartrate, andiron as produced by the ignition of Prussian 
blue, undergo so vnolent an oxidation, that apontonoouR combustion results from thoir 
aicra exposure to am or oxygen. Hence they are termed pyrop/mn. Various other 
bodies, which expose a large surface to the action of air or oxygen, become gradually 
heated through slow oxidation, and finally undergo spontaneous combustion, Oi'oasy 
tow and woollen refuse are peouharly li.ible to this action. 

Many substances, when heated to redness, unite with oxygen, and thereby give riso 
to the phenomena of combustion or burning The combustions of phosphorus, charcoal, 
sulphur, iron, zinc, and naphthalene, in undiluted oxygen, con.stitute very brilliant ex- 
periments In each case the results are oxidised compounds of the substunco burned. 
The weight of oxidised products corresponds exuctly with the weight of the body burned, 
plus the weight of the oxygen consumed. 'When an orjiuary combustible body, such 
as wood, paper, or wax candle, is inflamed in air and then immersed in a vessel of 
oxygen, the combustion proceeds with greatly increased intensity If the flame of the 
wood, paper, or wax candle he extinguished, and any portion of the substance be left 
in a glowing state, it will, when immersed in oxygon, immediately hm'st into flame. 
This is a very oharaeteristic property of undiluted, or but slightly chluted, oxygen, 
which it shares only with nitrous oxide gas. A jot of hydrogen gas hums m oij’gon 
as in au', but more rapidly Of course the two gases can ohfy umto where they are in 
contact with one another, that is immediately around the jet of hydrogen. Hence for- 
me rly the hydrogen was said to bum, .ind the oxygen merely to support coinbustioii. 
Hut if ajet of oxygen be introduced into a vessel of hydrogen, tbo flame will proceed 
irom the oxygen and the hydrogen become the supporter of combustion. Eor this 
purpose the hydrogen, contained in a somewhat narrow-mouthed inverted jar, should 
he ignited at the mouth of the jar. Then the jet of oxygen, in passing through the 
flame, will itself become ignited and bum in the interior of the jar. In like manner, 
oxygen may be made to burn in ammonia-gas, ly introducing rt through a bent tube 
mto a wide-mouthed flask in which strong aqueous ammonia is kept in a stato of gentle 
ebullition, and applying a hgUted taper to the end of the tube CHeintz, Ann Gh. 
Pliarm, exxx. 102 ) 

Respecting the evolution of light and heat in oxidation, the conditions of inflamm.i- 
bility, the natui'o of flame, &e., see CoiunusnoJf (i 1089) Eeepecting the quantities 
of heat evolved in the oxidation of variona bodies, see Hnitr (in. 102). 

Oxygen is capable of replacing, directly or indiicctly, hydrogen, cUlonno, bromine, 
iodine, &a , one atom of oxygen always taking the place of two atoms of each of those 
elements , thus in the conversion of alcohol into acetic acid by direct oxidation, .lud of 
pcntaohloride of phosphorus into the oxychloride by the action of water, we have: 

0-H‘0’ = + 0 - 

PCRO =1 PC1“ + 0 - CP. 

Active Oxygon or Ozone — Under certain eircnmstnnce.s, oxygen gas acquires 
a greatly increased chemical aetivity, together u ith a pecuhur smell In this state it 
constitutes o/.one (Sfeiv), and has the charaetenstic property of decomposing lodido of 
potabbuim, with hboration of iodine. Oxygen gas thioiigh which deetric sparks have 
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lieen paa-ied, tlut in which phosphorus ether, turpentine, and some stlicr suhstnucea 
have been slowly oxidising, and that produced by the electrolysiB of an acid liquid, 
alike react with iodide of potassium as above described According to Andrews, 
the ozone produced b; these three proecssr s m the same, and consists solely of oxygcii 
m nil ullotropie state. According to tVilhiinison .ind Eauinort, the ozone pro- 
duced by olectrolysm is a trioxidc of hydrogen H-O’, us is probably also that produced 
by the o,\idalion of pliosphoms "With rcg.ird to flic ozone produced by electric.d 
discbarge.s, they admit that perfectly dry oxjgcu is c.ipable of being modified by siicli 
discharges, bat consider tb.it tlie peculiar properties of ozone are not niiiiiifested until 
the .letioii of moisture upon the modified oxygen baa resulted in the formation of 
trioxide of bydrogi-n Tbo recent eonjomt experiments of Andrews and T.vi t, Imw- 
erer, and likewise those of v Babo, seem to baro established the correotness of the 

More th.m half a ceutiiiy after Van Marum’s original obserration, that oxygen 
tliwiigb which electric sparks bud been passed acquired a peculmr smell and the power 
of attacking mercury, Sehonbein, m 1840 (Pogg. Ann, 1 616), published his first 

р, iper on ozone. He showed that in the electrolysis of acidiil.ited water, .in odoious 
gas was pioduced at the posituo polo, which might bo preserved for a long tune in 
well closed -veesels. He also observed the same product to result from the discharges 
in air of a common electneal machine, and recognised the identity of the smoU witli 
that accompanying a flash of lightning Soon after he noticed the production of ozuua 
by the slow oxidiition of phosphorus in moist .ur or oxygen Marignac and Do la 
Eivc then showed that ozone might he obtained by passing eleetrio sparks through 
pevfeotly diy oxygen, a result coiifli'med by Fr 6 my and B c oq u e r e 1 (Ann Oil Bhya. [3] 
xxxT, 82; Chem Sec. Qu J. v. 373), and subsequently by Andrews (Chem Sac 
Qu. J ix 1G8). But they found, on the other hand, that dry air or oxygen did not 
become ozonised by transmission over dry phosphorus. Fremy mid Bocquerel 
nsoertaincd tliat pure oxygen g.is, st.uiding over a solution of iodide of potassium, 
might he eompletely ahsovlied by the passage of electric sparks through it Dry 
oxygen, however, as shown by Andrews, can he only partially ozonised by electric 
discharges, unless, indeed, the ozone be absorbed as f.ist as it is produced. 
Houzoau (Chem Soc. J viii 237) noticed the ozonie character of oxygen set fri’O 
by the action of snlpbnric acid upon peroxide of barium According to i e I/U c a, the 
o.\}gen evolved by the action of light upon plants is also ozonie fiohcinboin, and 
also Phipson (Cfiiem. News, viu. 103), have observed that mr in cuiitaot with the 
jmee of fmigi becomes ozonised, the hitter also finds that ozone is produced when iresU 
shoes of .ipple are exposed to tho air, and is of opinion that the processes of fermentation, 
putrefaction, and decay, are likewise attended with ozonisatiun of the air. 

Ozone 13 best prepared by one or other of the foHowing piocesses. o Ozonised air 
or oxygen may bo obtained by phienig one or two sticks of clean moist phosphurns 
m a bottle of air or oxygen, when, after an hour or so, tho smell of ozono will he very 
ohviom. The sticks of phosphorus should then be taken out, and the gas washed 
with w.iter to remove the phosphorous aeid If the phosphorus be, allowed to remam 
in the bottle for several hours, the o/oiie gradually disappears Or, a current of moist 
air may be slowly forced through .v sueeossion of largo IVolfe's bottles, eontaining 

с. ieh a few sticks of clean phosphorus, .ind flmJIy through a XJ-tube eontaining wafer 
or dduto alkali. The Junctions should be as few as possible, and should he effected 
with sound corks, or iiieferahly hy grmding Ozone may be at once produced by 
plunging ,i heated glass rod into a mixture of air and other-vapour, 

fl. By electrolysis of water acidulated uith sulphuric acid. According to Andrews, 
a mixture of one volume of sulpluiric acid with tliroe volumes of water is most pro. 
ductivo; while Baumert rocomuicnd.s tho eleotrolyto to consist of water strongly 
acidulated with both chiMuiic iiiid sulphuric acids. The following iimingement may he 
adi.iimureously .idoptcd. A coated wire, having attaciied to its extremity a piece of 
crampled platinuni foil, which constitutes tho positive electiudo, is dipped into the 
cleeli-olyte contained in a cylindrical porons cell, uud an inverted tube-hmuel, just 
snfflcieiiily small to slide into the cell, is suspended therein, over tho foil This funnel 
senes to collect the oxygen which, during the olcetrolysis, issues in a coutuiuous 
stro,ini from its narrow orifice The negative electrode may be constituted of a plate 
of platinum foil dipping into another vessel of the electrolyte, surrounding the porous 
cell Electrolytic oxygen has not been found to contain more than 5^5 part of its 
weight of ozone. 

7. Ozono may be obtained by passing electric discbaiges through air or oxygen. 
Oxygen gas, piopaved by heating chlorate of potassium, is conducted snceessively 
through a strong solution of caustic potash, and over pumice and oil of utriol, 
Fli'elric,il discharges may tlien he passed through the gas in its transit, whereby a 
slicam of pure ozonised oxygon is obtained, or the gas may flr.st be collected by 
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displacement in suitable tubes, and tlicn ozonifled by the discharpo, Andrews 
usually collects bis oxygon in a straight, glass tube, one end of ■which, previously 
contructeil by tlio blowjiipe, is in conimnuieiition with the supply of gas, while the 
other end is tuseil to an almost capillary piece of tnhiiig, bent in the form of ,v 
tl-g.uige. After tlic tube luis been t*o or three tunes alternately exliuustodby an air- 
pump, .lud filled with oxygen, the extR'nnty of the capillary gauge is detached from 
till! air-pump, during the passage of tlio gas, and dipped into oil of vitriol. Tile 
supply Ilf gas is continued for Borne time longer, and the excess allowed to buhhlc 
through the oil of vitriul in its escape. Tlie eontraeted oxtreimty of the resen mr 
part of the tube, in cnmniumeation with the sonreo of oxygen, is then sealed by the 
blowpipe, and a few bubbles of gas are expelled by gentle wnTOiiiig. Upon cooling, 
oil of ntriol is drawn into the gauge, so as to confine the oxygen in the reservoir 
The free extremity of the gauge is next sealed in such a manner as to leave a .small space 
of air iihuve the oil of vifriob Then by means of platinum wnres, previously fused into 
the reservoir, electric discharges are passed tlirougli the oxygen, whereby it becomes 
ozonifled In this way, auj' alteration in the bnllc or tension of tlio oxygen, ennsequont 
upon the production or subsequent destruction of the ozone, is recognisable by an altera- 
tion in the level of the oil of vitriol m the gauge. Andrews found that the fiiilimkorff 
spark was ill-auited for the production of ozone, and that even tlui ordinary nmcluiie 
spark was much less effective than the silent discbaige, obtained by attaclung one of 
the platinum wires of the reserroir-tube to the prime conductor, and the other to the 
ground, and turning the machine slowly 

In addition to its property of displacing iodine from iodide of potassium, 
ozone 13 tound to be rapidly absorbed by mercury, and to bo completely destroyed or 
decomposed .it a temperaturo of 250° — 300°. Availing themselves of these properties, 
Andrew s and Tait obtained the following results "When the silent diseli.irgc was 
passed thrnugh pure dry oxygen contained in one of the gauge-tubes, oondens.itioii wqs 
observed to take place, at first rapidly and then more slowly Tlie maximum con- 
traction ever obfuini'd was equal to .1^ of the entire volume of the gas. On heating the 
contiaeted or ozonised gas to 300°, it recovered its original volume, and this alternate 
contraetion by the silent discharge, and restoration by a temporary hent, eould he re- 
peated an ludefliute mnnher of times The extreme eoiitraetion gradually diminished 
when the tube was sot aside for some days. Tiie ordinniy olectrioal spark effected a 
veiy small contraction of the gas, not exceeding of the whole, and when the spark 
discharge was passed through the g.is coiitrncted by the silent dischaige, an expansion 
took place corresponding to the excess of contraction elfocted by the silent disclmrge, 
beyond that wliieli the eparfc-disi-biirge could have produced. By introducing into the 
reservoirs of the tubes, before filling them with oxygen, small quantities of //inrioy/ or 
solution of iodidi of put<'%ium, contained in thin glass Imlhs, and then ozonising by 
the silent discharge, so as to produce a niucli contracted gas, Andrews was able to 
act upon the ozone with tliese reagents, winch could be set free for the purpose by a 
smart conouosioii and consequent traetiu’o of their contniniiig bulbs. Aftei the .action 
of the raorcury or iodide of potassium iqion the contracted g.is, it no longer underwent 
any pormanoiit expansion when heated to 300°, shownigthe eomjilete .iljsoiqitinn or de- 
composition of the ozone by the reagent But very curiously, this absorption of the 
o/oiie w.is not attended with any diminution in the bulk of the eontraeted oxygen. 
In other words, the active oxygen absorbed by the reagent occupied no part of the 
bulk of the ozonised gas, inasmiioh as its removal did nut diminish that bulk. When 
the ozone was .ibsorbed by solution of iodide of potassium, tho amount of iodine 
hberated was found to correspond exactly with the amount of original contraction, 
that is, with the quantity of oxygen winch had apparently ceased to occupy spaee. 
The above remarkable result seems to bo best explained by tho following hypothesis. 
If we consider ozone to bo a compound of oxygen with oxj'gen, and the eontractioii to 
bo consequent upon their eombmation, then if one portion of this combined or oon- 
triicted oxygon were absorbed by the reagent, the other portion would be set free, and 
by its liberation might expand to the volume of the whole. Thus, if we suppose three 
volumes ot oxygen to ho condensed by their mntu.il combination into two volumes, 
then on absorbing one-third of this combined oxygen by mereiiiy, the remaining two- 
thirds would be sot free, and consequently expand to their normal hulk, or two 
volumes • — 

2 vols. 2 vote. 

0 0 0 -h Hg HgO -t- 0 0 

tlpon this hjqiothesis, Andrews’ maximum contraction of ^ would indiento tho conver- 
sion of 5 ot Ins oxygen into ozone. Similar results have 'been obtained by v. Babo 
and Claubius (Ann Gh Bharm Snppl i. 297 ; Jalirosb 1863, p 137). 

Andrews also ascertained that a stieam of dried cleetrolj tic ozone, when heated to 
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deiiomposition, and passed over pliosphonc anhydride, did not afford a trace of moisture. 
When passed consecutiToly through solutions of iodide of potassium and oil of vitriol,' 
the mcroasa in the -noight of the two liquids, from the absorption of the active oxygen, 
corresponded exactly with the iquivalont of iodine set free, as estimated hy Bunsen’s 
volumetric method. But, according to Williamson (Ann. Cli Ph.irm. Iiv. 127) and 
B aumert (Pogg Ann. Ixxxix. 38 , Chnm. Soc. Qu. J vi lfi9), dried electrolytic oroiio 
docs yield water .is a product of ita decomposition hy heat. According to Baumert, 
also, dried olcctrolytie ozone when passed cou.sooiitivulv through solution of iodide of 
potassium and oil of vitriol, sets free a quantity of iodine corresponding to only 32 ot 
tlio total increase of weight of the two liquids Hence the formula, previously sug. 
gested by Williamson, ffO® ; for H'O" = ffO + 0^, or fiO = 18 + 32, wlieiice 
= gj of H-’O” Andrews’ view is however confirmed by the recent experiinonts 
of V. Babo (Ann. Ch Phiiwn. SuppI li. 265 , Juhresb 1863, p 131), and of Soret 
(Ann Ch Phnrm. exxvii. 38 , exxx. 96). Andrews found that electrolytic ozonised 
oxygon, when decomposed by heat m one of hia gauge-tubes underwent a varmhlo 
iuereaso of bulk, according to the proportion of ozone present. The expansion, how- 
ever, never exceeded of the entire volume of gas. 

The general characters of ozone are those of an oxidising agent. Thus, it cor- 
rodes organic matter, as shown by its rapid action on caoutchouc or vulcanite con- 
nectors. It bleaches most vegetable colours, as exemplified particularly by its couver- 
siou of indigo into isntin. It oxidates black sulphide of lead into white sulpliate of 
lead, clianges the yeEow ferrocyamde into the red femdcyanide of potassium, and 
colours moist tul])hate of manganese brown from form.ation of the hydrated per- 
oxide It IS ahsorhed hy moist iron, copper, mercury, and silver, irith production of 
their respective oxides. Moist silver is oven converted into the state of peroxide. 
Dry ozono is .dso readily absorbed hy dry mercury and dry iodine 

In some eases, liowever, ozone acts as a deoxygennut. Thus it decomposes peroxide 
of hydiogen and peroxide of barium, with evolution of inactive oxygon, derived both 
from the ozone and the peroxide, as represented hypothetically By the following 
equation .— 

OOO + ffOO = 200 + H»0. 

Dry ozone is decomposed in unlimited quantity by the dry peroxides of manganese and 
lead, and by black oxide of copper, these oxides not undergoing .my alteration of weight 
by the reaction. It is also decomposed to an unlimited extent by diy silver leaf or 
filings. These unlimited effects may be explained by the successive, or simultaneous, 
occurrence of oxidation and reduction. Thus dry silver leaf is at first obviously oxi- 
dised by ozone , and the oxide of silver so formed is then reduced, and so on eonsoon- 
tively. 

Ozone is practically insoluble in water and acid solutions When ozonised gas is 
passed through potash or soda, the first portions ^ are absorbed, probably from the 
presence of some organic matter in the alkulmo liquid, but after a little time, the ozono 
passe.s through apparently unaltered 

Sohonhoin (Ann, Ch. Phiirm. cviii 167) regards ozone as permanently negative 
oxygen. He also beheves m the existence of a permanently positive oxygen, or onto- 
£one, which nt present is known only in combination ; and conaideiB that inactive oxy- 
gen is a product of the union of ozone and antozone 0 0. 

Tins idea of the existence of two essentially distinct vaneties of oi^gen, which is like 
wise advocated by Meissner {Vntersuchungert nbtr den Samrstoff, Hannover 1863. 
Juhresb. 1863, p. 126), is founded chiefly on certain differences observed in the 
behaviour of oxygen evolved from the alkaline peroxides on the one hand, and that 
evolved from peroxide of manganese or peroxide of lead on the other, the former 
exerting for the most part a rediieing, the hatter an oxidising action. But Brodie 
showed several years ago (Phil Trans. 1860, p 769), and has further demonstrated by 
more recent experiments (Phil Trans. 1863, p. 837 ; Chem. Soc J. xvi 316), that the 
positive or negative character of oxygen (and indeed of every other element) is not 
poi'niaiient, but depends essentially upon that of the other elements with wliich it is 
associated at the moment of chemical change (see page 304 , also in 198) 

According to Moissner, ordinary oxygen is resolved by electrisation into ozone and 
antozone, the former of which is absorbed by iodide of potnssiiim, pyrogallio acid, 
&c , while the latter remains miiibsorbed He finds that when perfectly dry elecfrised 
air IS made to pass throiigh water, white fumes are produced on its exit into the air, 
and that the same fumes are produced when the dry electrised air is made to flow into 
moist air. These fumes he regards as a mechanical mixture of antozone with aqueous ' 
v.apouT. According to v Babo, however, these fumes are for the most part produced 
only in presonco of nitrogen or oxidisable substances ; he regards them as consisting 
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of pcroxido of hydrogen, wlueli is kiiovm to bo formed by the nction of ozono on water, 
oitlier in the lirjnid or the gaseous form Von Bubo also asserts that the proportion of 
ozone produced in nir or oxygen by electrisation is the same whethor the electricity 
used bo positive or negative or the two ulternutely, a result wliieli appears inconsistent 
ivitb the production of two oppositely piolansed rarieties of oxygen by electrisation 
Moreoi er ozonised air suffers no diminution in its amount of ozone by passing through 
a solution of permanganic acid, whereas such diminution always occnrs if the air has 
previously been in contact ivith oxidisable substances, which may have given rise to 
the formation of peroxide of hydrogen. 

Compounds of Oxygen. — Oxides and Hydrates. 

O.xygen may enter into coinhination in various ways, taking the plaeo of hydrogen (in 
the proportion of 1 at 0 to 2 at H) in tho radicles of compounds formed on either of 
the types, HOI, ffO, II=N, ffO, thus giving rise to oxy-ehlorivles, oxy-indides, oxy- 
nitrides, &c ; but the term, "oxide” is specially appbed to compounds derived from 
a single or multiple atom of water, H*0 or «H-0, wheie part at least of the oxygen 
occupies the place extemiil to tlie radicle Wlien the hydrogen in the type is partly 
replaced hy other elements or by compound radicles, the resulting compound is a 
hydrate, basylous. acid or saline, according to the nature of the substituted rn- 
ffieles; thus KHOandBa"II-0’ are basylons hydrates. |o® and 
|o* are acid hydrates or acids, |0’ and |o' are salino 
hydrates or acid salts. If the whole of tho hydrogen is replaced by one or inoro 
radicles, tho resulting eonipouiid is an anhydrous oxide, basylous, acid orsidiiie, • 
accoiding to the nature of tho radicles which cuter into its constitution, thus K-’O, Ba"0, 
andB'l'O’ai'o basylous oxides; (C’H’O)’O (SO'-fO and (P"’0)’0« are acid oxides, 
anhydrous acids, or anhydrides; 
oxides or neutral salts. 

It must he observed, however, that the distinctions between basic, acid and saline 
oxides are in great part merely eoniontional, inasmuch as basylous and eblorons 
elements or radicles, and consequently basic and acid oxides and hydrates, shade off 
into one another by inseuaible gradations, so as to preclude the possibility of drawing 
any stnctlme of demarcation between them StiUtherearocertainliydrateswhiohhavoa 
marked tendency to eiohango their hydrogen for a chlorous, acid, or electro-negative 
element or radicle, those constituting the biis^ous hydrates ; while others have a decided 
tendency to exchange tlieir hydrogen for a metallic, basylous, or electro-positive 
element or radicle, and these constitute tho acid hyilr.ites or acids. Tho chemical or 
electro-ehomioal oharaotors of the anhydrous oxides are less marked than tlioso of the 
hyilrates , nevertheless some of those containing radicles of decided acid tendency uiiito 
more or loss readily with those containing radides of opposite eharaeter, tho resulting 
corapound hamg a salt ; thus sulphuric anhydride SO*, passed m the state of vapour 
over moderately heated anhydrous baryta Ba"0, unites with it readily, the eonihiuation 
being attended witb vivid iuoaudescence, and forms siilpbate of barium Bn”SO^ , in bko 
manner silicic and boric anhydrides unite readily with basylous oxides when ignited 
m contact with them, and expol c.ii'bomc anbydride from carbonates. 

Tlie general properties of acid hydrates and oxides have been already doseribed in 
tho articles Acins and AKHTonniES Wo have here therefore only to speak of the com- 
position and properties ot the more basic or positive among these compounds. 

Metallio Oxides and, Hydrates 

I Oxides vjith one atom of oxygen, fm med on the type of a single atom of water, H-0 
. — ^The alkali-metals, lithium, sodium, potassium, cmsiiim, aiidrubidium, and 
oueof the heavy metals, namely thallium,* which are mono- or piroto-equivaleiit, that 
IS capable of replacing liydrogon — atom for atom — ^form mono- or proto-hyilratos having 
the general formula M’HO These liy^dratos are soluble in water, forming strongly 
alkaline solutions which precipitate the solutions of all other metals, excepting tho 
alkulino earth-metals, biiritim, strontinm, and calcium. The hydrates of the ulkiili- 
metnls volatilise slightly, but do not decompose even at the highest temperatures 
Hydrate of thallium, on the other hand, becomes anhydrous when heated at 100° 
in the air, or left over oil of vitriol at common temperatures 

All proto-equivalent metals also form anhydrous protoxides, having the general 

• Tlmllium In many other of Its chemical rclatloua exhibits n marked resemblance to tho alkun-metnla. 
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fonnul.% iPO. To this group belong also tlia siihflalile ojrfdos of tlie di-equiyalciit 
motala, included m the foriiiulii M"0 , such are thn oxides of barium, strontium, 
caleiuni, of all the other earth-iuotuls excepting alnmimum, and of many of the heavy 
metulf,, namely ziue, cadmium, chromium, manganeso, iron, mckol. cobalt, 
uranium, copper, inoreury, lead, palladium, platinum, tin, and a few others. 
Lastly, then' arc two oxidos containing 4 atoms of metal to 1 atom of oxygen, viz 
Ag'O and CidO, The former has long been known; the latter was obtained by 
H Iloso (Bull, fa’oc Chim. 1864. p. 330) by trc.iting a cupric salt with an alkaline 
solution of stannous oxide In these oxides, 3 atoms of metal take the place of 1 atom 
hydrogen. They aio easily decomposed by acids, with separation of metal, and forma- 
tion of argentic and cupric salts lespectivoly 
The protoxides of the olkali-metals and of tliallinm are decorapo.sed by water, with 
formation of solnhle hydrates (e. 5 '. K-0 + H-0 = 2KH0) , the oxides of Kirium, 

stroiitiniii, and calcium unite directly with water, also forming soluble bydi'atcs (e ff. 
Ba''0 + H'D = Ba''H-0’). All other protoxides are insoluble, or neai’ly so, and 
are for the most part unaltered by water , the protoxides of magnesium and le.id, how- 
ever, are slowly converted by water into hydrates Protoxides aud protohydrates 
are decomposed by most acids, with formation of salts, and ebmiuation of 1 atom of 


water: e.ff. 


KHO 

TIO 

Ba"0 

Ba=0 


noi 

2HC1 

2HC1 

H^S0< 


H-0 + KOI 

ffO + 2T1CI 
H=0 + B.i"CP. 

ffC + Ba"S0h 


2. Oxtdrs mid Hi/drati's mitaimng two atoms of Oxygen, formed on the type of a 
don/ih atom of wuirr, ffO* —This group includes •— o. The hydrates of the cli-eq«. 
valent metals, barium, calcium, lead, ooppor, Ac, e,g. b.irytio hydrate Ba'^O-, 
oupric h) drale Cu"H'‘0-, sUnnous hydi'ate Sn''H-0=. The hydrates of bawum, strontium 
and calcium are soluble in water , the rest are insoluble or veiy slightly soluble, as hydr.ito 
of lead All these hydiutos are decomposed by heat into metallic oxide aud water, but the 
degree of heat requiied to effect the change is different in each p.articular instance. 
Thus, oupric hydrate is decomi'osed at a temper.iture below that of boiling water, whereas 
hydi'ate of ealemm requires a full rod heat to resolve it into qiuokhme and water These 
hydi'ates are decomposed by acids, with formation of salts and elunin.itiou of 2 at. water : 
Ba"H=0* + 2HC1 = 2H“0 + Ba"CP 

Cu"H-0» + - 2H-iO + Uu"SO' 

/3 The anhydrous salifiable oxides of tetra-equivalent metals, e. z ir o o n i a Zr'’0®, 
thorinaTh'’0% stannic oxide Sid'O*, plntiuio oxide PP'O'*, and the corres- 
ponding oxides of the other metals of the platinum group, also titanic oxide IV'D', 
tantahe oxide Ta‘'0^, niobic oxide IfW'O**, aud the dioxides of molybdenum, 
tungsten, and vanadium. All these dioxides, excepting those of titanium, tan- 
talum, and niobium, have more or less of a basylous elmraoter, aud aro converted into 
salts by the action of acids, hut they all, excepting those of molybdenum, tuugsteu and 
vanadnim, likewise exlnbit the characters uf acid oxides, and form salts with the more 
basylous oxides. In the sumo group of uoid oxides may also bo included the dioxides 
of cerUiii semimetulbc elements, namely silicic oxide or anhydride SiO”, sel- 
onioiis oxide Sei’O^, and tellurous oxide Te‘’0'. 

7 Cert .1111 double or saline oxides iu which half the hydrogen is replaced by 2 atoms 
of a mono-equualent, and half by 1 atomot adi-cquivalcutnietal, such us potassnim- 
zino-oxido E“Zu"0-, platinite of potassium K'‘Pt''0-, stauuite of sodium 
Na’Sn"0-=, &c. 

5. In addition to the aeid and basylous dioxides above mentioned, there are 
certain other oxides with two atoms of oxygen, possessed of very different properties. 
In these last dioxides, typified by peroxide of hydrogen H-O^, the second atom of 
oxygen seems toharebuned on a i ery uncertain temme Oxides of tins description 
are usually termed peroxides, to distinguish them from the sabflable oxides already 
eousiilored. These peroxides do not form any corresponding ehlondes, or corresponding 
salts in general, but when acted upon by hydroehlone acid, they evolve either peroxide 
of hydi’ogen or chlorine, thus : 


BaO- H. 2HC1 = H=0» + Ba"CP 

MnO’' + 4HC1 = 2H-0 + Mn"CP + CP. 


The peroxides of barium, strontium, calcium, potassium, and sodium have a tendency 
to ptodnee peroxide of hydrogen , while tlie peroxides of tlio less basylous metals, 
manganese, lead and silver, have a tendency to produce elilorme. In nocordauco with 
these different tendencies, the alkaline peroxides are found to exert in muny cases a 
reducing action, like peroxide of hydrogen (lu. 198), whereas the peroxides of man- 
ganese, lead luid silver, act more generiuly as oxidismg agents , aud hence it has been 



OXIDES AND HYDRATES 


305 


inferred by So ho ill) a in and othara (p. 302) that the oxygen ui the altalino poroxidos 
is essentially electro-poaibve, whereas that in peroxide of manganese &o is essentially 
negiitiTo. These difforences, hon ever, are not really permanent and essential, but vary with 
the conditions under which the second atom of oxygen is set free In the first place, all 
peroxides alike oi olvo chlorine (t. e exert an oxidising action) when heated with strong 
hydrocliloi'io acid.— 2. An acid solution of peroxide of hydrogen converts farcocvaiudo 
into fcrrieyiinide of potasainin, whereas an alkaline peroxide mixed with an alkaline 
or neutral solution of the forricyanide reduces it to ferrocyamde, — 3. An alkaline solu- 
tion of peroxide of sodium added to a immganous salt forms hydrated peroxide of 
manganese , whereas an acid solution of peroxide of hydrogen mixed with perman- 
ganate of potassium evolves oxygen and forms a manganous salt. — t. An alltalmo 
solution of peroxide of sodium oxidises an alkahnc solution of chromic oxide, converting 
it into chromic acid, whereas acid solutions of peroxide of hydrogen (or of the alkaline 
peroxides) reduce chromic acid to chromic oxidB(Brodie, Chem. Soe J. xvi. 333; see 
also 1 SSfiandiii 198), All peroxides, also, whether of the more or leas hoayloiis sub- 
groups, ahke yield oxygen and a protosulphato when acted upon by strong sulphuric 


BaOii + ffSO* = H*0 + 0 + Da''S0'. 

MnO’ + H“S0* - H’O + O -b Mn'BO*. 


The oxygon evolved from the above reaction with peroxide of barium is higlily 
ozonio, and that ftom the reaction wiUi peroxide of manganese appears to contain a 
trace of ozone. 


These peroxides might also bo elassiflod 
distinct set of formula;, thus ; 

H®0 . 0 Peroxide of hydrogen, 
lla’0 . 0 Peroxide of sodium. 

K'O . 0 Peroxide of potassium. 
OaO . 0 Peroxide of oalcinm. 

SrO . 0 Peroxide of strontinm. 


a distinct group, and represented by a 

BaO . 0 Peroxide of barium. 

HnO . 0 Peroxide of manganese, 
PbO . 0 Peroxide of lead. 

Ag’O . 0 Peroxide of silver. 


We find, however, that although non-salitlablo as a rule, yet under certain cirenm 
Btanoos, some of those oxides can act as if salifiable. Thus the peroxides of manganese 
and lead are cap.able of dissolving in acetic acid to fonn diacetates. Moreover, the 
acknowledged salifiable dioxide of palladium manifests many of the properties of a 
peroxide Whence it seems that the difference between a salifiable dioxide and a 
neutral peroxide is rather a difference of habit than of essential character , and this 
■new is confirmed by a consideration of the peroxides with throe atoms of oxygen be- 
longing to the next group. Most of the above peroxides can exist in the hydrated 
state, hut whether or not the water exists as a separate constituent hns not been satis- 
factorily ascertained. Some oxides also, having the formulae of J-oxides, have the 
characters of peroxides. Thus, rod oxide of lead has a formula corrcapondiug to that 
of black oxide of iron, but the two bodies behave very differently when treated with 
acids. The former breaks up in accordance with this equation; 


Pb>0< 


2Pb"0 


Non-sallftabla 

+ PbO»; 


the latter in accordance with this : 


Pei'O* = Pe''0 b 

3. Oxides viith time atoms of Oxygen, formed on the typs of three atoms of water, 
H’D’. o. In this class are included salifiable trioxides and tnhydrates The most 
b.isylous of the trioxides are alumina APO*, ferric oxide chromic oxide 
Cr’O’, ceric oxide Ce'O*, and trioxide of bismuth tii’O® In thu trioxides 


of gold and antimony, Au^O" and Sb-'O’ respectively, the chlorous and basylous 
functions are pretty equally balanced, while in tnoxide of arsenic Ae*0" the basylous 
character is scarcely to be recognised. This last trioxide is sparingly soluble in water, 
being converted by solnUon into its corresponding hydrate or acid, thus- Ab“0* + SH'O 


The more basylous trioxides are practically insoluble in water They all form hy- 
drates, among which the aluminic, ferric, chromic, and cene hydrates are represented 
by the general formula These normal hydrates are somewhat unstable, 

especially on the application of heat, whereby they lose water and are reduced to 
the tTO6 For example, H''F6"'0’ when dried at 120° loses H-'O, and becomes 

HPe^'O’. Hydrate of bismuth when first precipitated has probably also the com- 
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position Irat ty drying it loses 1 at water and is reduced to By 

a further application of heat these hydrates are rendered anhydrous, thus : 

2HW"0» - 3H=0 = Be^O*. 

Thn hasylous trihydriites aro all readily soluhlo in acids Tlie trioiides of aluminiitra, 
iron, chromium and cerium exist in sereral different modifications, some of wliicli lu'o 
readily, others scaicely at all acted upon by acids. But all salifiable oxidos and hydrates 
with tlirco atoms of oxygen, when decomposed by acids, yield corresponding salts, and 
el I t three atoms of water, thus . — 

BiW + 6HCa = 3H'0 + 2Bi"'Cl» 

H“rU"'0“ + 3Hai = 3H-0 + A1'"C1». 

13 CerLiin trioxides have the characters of peroxides ; that is to say, when acted 
upon by acids, they do not form tnsalts but protosalts, and simultaneously erolvo 
oxygon or chlorine The tnoxidcs of cobalt and nickel Co'-'O’ and Ni^O^ respectirely, 
are as decidedly peroxides as the dioxides of lead and barinm The tnoxule of maii- 
guiiese IS intermedmto in its properties, and. serres to connect the salifiable oxides of 
cliromnim and iron with the indifferent trioxides, or peroxides, of nickol and cohalt. 
Thus it dissolves in cold hydrochlono acid to form an iinstahlo hydrated trichloride of 
manganese: — 

Mn=0» + OHCl = 8H=0 + 2Mn"'CP. 

Bat when heated with hydrochlono acid, it forms dichloride of manganese and 
chlonnc . — 

Mn»0» + OHCl = 3H’0 + 2]!irn'Cl“ + a^. 

■> Certain oxides with three atoms of oxygon react in a very peculiar manner with 
acids, as if two-thiwls of the oxygon were retained by the metal on a more intimate 
footing than the remainder. Tnoxido of uraninm U’O®, is the most strilang member 
of this cLiss. To judge from its reactions, it would seem to bo the protoxide of an 
oxidised radicle '0=0“, phiying tlie part of a metal. This tnoxido might be represented 
by the formula (TJ-O') 0, analogous to that of protoxide of copper Cu"0, in whioh tlie 
compound radicle TJ^O* plays the part of mataUio copper On Certain it is tliat the 
grouping tr“0' 18 capable of being transferred 6om one compound to another in ex- 
change for an atom of hydrogen or its representative, precisely as is the metal copper, 

Cn“0 + 2HN0» = Hi'O + Cu"(NO«)» 

(B'''0")"0 + 2HN0» = H^O + (U20“)''(lf0«)3 

In a similar manner, the trioxide of antimony occasionally, and the tnoxide of iron 
more rarely, react as if their respective formulm were (Sb®0“)"0 and (]Fo*0’)"0 In 
many aluminous silicates also, the tnoxido of aluminium A1“0®, appears to function as 
a protoxide of aluminyl (A1’0’)"0 The peeuliunty of the tifioxide of uranium is that 
it never acts as a salifiable trioxido, but always as an oxide of uranyl. Oxides behaving 
in the ahove-described manner, wore termed by Laurent basyl-oiides, and their corre- 
sponding salts hasyl-salts 

4. Oxides mihfour atoms of Oxygen, foxmed on the type H*0*. Tho only known 
anhydrous oxide belonging to this type is tho totroxide of osmium OsO' (p 246). 

The hydrates corresponding to tho dioxides also belong to it e. g. stannio 
hydrate ffSn'’0^ palladia hydrate H*Pd'*0*, platinio hydrate 
also certain double or saline oxides containing tetratomio metals, c. y. stannate of 
sodium Na*Sn'’0^ platinate of potassium KWrO’, &c. 

The type ffO* also includes the large class of oxides known as ^-oxides, compounds 
in which 6 atoms of hydrogen are replaced by 2 atoms of a tri-equivalent metal, 
wliile the leraainmg two in tbe type eillier remain or are replaced by one atom 
ofa di-eqiuvalent metal Examples of these compounds are fiirmsbed by mag- 
netic oxide of il■onEe"(E6"')=0^ ebrom6-ironEe"(Co''y0*,redl6adPb"(Pb")®0’, 
red oxide of manganese Mn"(Mn'")’0*, &e. Some of the native ^oxides are 
veiy slowly adacked by acids, but all of them, when decomposed by acids, form salts 
coi'iespondmg to the acids, with elimination of 4 at water for each atom of oxide de- 
composed, e g., 

Pe"(Ee''70* -h 8HC1 =. 4H^0 + Ee''a' + 2Ee’"CP. 

Ondrsmth five atoms of oxygen, f mined on the type To this type belong 

tho pentoxides of bismuth BPO'', antimony Sb*0", and arsenic As®0’, all of which are 
of acid character. The last is easily soluble in water, the other two are insoluble. 
■With tliPRO oxides may also be classed phosphoric anhydride P=0“, and nitric anhy- 
dride N=0’ _ r r j , 1 

The same metal may give origin to many different oxides and hydrates, as instanced 
particularly by manganese. The protoxides and protohj drntes are the most strongly 
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b.\syloOT, and tlicu follow tlio trioxides TIio acid diameters of the hydrates increase 
witii the reUtoe proportion of oxygen which they contain: — 

M.uigiiuoiia hydrate | MnO Protoxide 

Hi'\ln"'0- Maiigimic hydrate Mn'O* J-oxidos 

M.mgamc acid I Mn’O* Trioxido 

Permimgame aeid 1 MuO* Peroxide 

Tho relations of tlio principal classes of chlorides and saUflable oxides to one 
another are shown in tho following table : — 

Chlande. Oade. 

Pmtoclilorido KGl Protoxido» K'O 

■ Didilorido Ba"Gl» „ Ba"0 

Tetraohloride Sn'’’OP Dioxide Sid'O* 

Trichloride Gr"Gl" Trioxide Cr=0» 

HexeMoride IrGl"? IrO’ 

Occxirnncc and formation of MctaUio Oxidet. Some metallic oxides are found 
native. The principal of these are certain oxides of iron, namely, the trioxide Po-0’, 
known as red htem.itite or oligiste, tho hydrated trioiidB HPc'v’, known as hrown 
haimatito or hrownstono; tho |-oxido Fo"(3?e"')''OS known as magnetic iron ore, and 
Certain oxides of manganese, namely, the poroxido MnO’, known as pyrolnsito, and 
seieral rarer oxides, laclndmg the trioxide or brnntatB Mn’O*, tho hydrated tnoxido 
or luangiiiiite H(Mn)”'0’, the |-oxide or hansmanito Mn''(Mn"')W, and an oxide of 
pccuhar composition, known as varvioito. The principal source of tm is tho native 
dioxide SnO', or tiii'-tono ; of ohromium, the native double oxide of chrome and iron, 
or oliroine-imii ; and of uramnm, tlie nahvo |-oiido D''(U"')’0*, or pitchblende. Tri- 
oxido of aluminium Al-0^ ocoui's native in the forms of ruby, sapphire, and corundum ; 
and combined with oxide of magnesium in spineUe Mg"(Al''')-0*. Moreover, native 
alumina and native magnesia occur in tho hydrated state, tho former ns diaspore, the 
latter as bruoite Native ti'ioxides of antimony and bismuth have been oeoasionally 
met with, ns have also the two oxides of copper. Dioxide of titamum is found natuo 
as rutile, brookite, aad auataso. 

Metallic hydrates are obtained artificially by tho following processes: a. The soluble 
hydrates of oalcmm, strontium, and barium are usually prepai’ed by the action of water 
upon the anhydrous protoxides. The soluble hydrates ofhtnum, sodium, andpotasaum 
might be made in a similar way, but in practice they are always obtamed by decompos 
mg solutions of their carbonates, sulphates, or snlphydmtes by other bases. Thus the car- 
bonate of iilkali-metal is usually decomposed by lime or bniyta, the sulphate by baryta, 
and the snlphydrato by oxide of copper. Hydrate of barium likewise is frequently 
made by decomposing the sidphido or snlphydrato of bwinm with oxide of copper. The 
Bi.x soluble hydrates also result from the action of water at ordinary temperatures upon 
tlieir rospecKvo metals, The insoluble salifiable hydrates are prepared by deeomposuig 
some or other of their s.ilts, with the above soluble hydrates, or with ammonia, or in 
some cases witli niagnesin Moreover, tho carbonates of the corresponding basylous 
metals may be substituted for tho above hydrates to precipitate those hydrated oxides 
wtiieli do not readily combuie with carhomo anhydride to form carbonates, thus : 

SnGB + H»0 + Ga"CO» = Oa"CB + ffSirO'- + GO» 

2]?eCi* + 8H-0 + 3Ca"CO* = 3Ca"Cl'‘ + + 300*. 

And, in a few eases, water, especially boiling water, may he substituted for the alkali, 
thus 

Br(NO>)> + 3H*0 = 3HN0> + HWO* 

Nitrate of tellurium is decomposed by water in a somewliat similar manner 
The hydrated peroxides are usually prepared by adding water to the anhydrous per- 
oxides of tlie highly basylous metals , or by precipitating them soluble salts with per- 
oxide of hydrogen , or by passing chlorine gas through the protoxides of the heavy 
metals suspended in water or alkaUne liqiud : 

Cl* + 21010 + 20oO =. 2KC1 + Co*0*H*O. 

Tlie protohydrates of iron and niangaucse absorb oxygen from the air to form then; 
respeetivn sesquibydiates. 



(lie' were teiirc 
and called sesui 





Bystom ot atomic 
SP.^.S3, 




308 


OXYGEN. 


$, Anhydrous oxides ure frequently prepared by directly oxidising tho metal. 
Many oxides, espcciiilly those of volntilo Tnetid.s. arsenic, zinc, caditnnm, and mercury, 
for inatunee, arc oht.iined by simply heating tho motals in air or oxygen, Protoxido 
of load, a readily fusible oxide, is made cnmmercmlly by lO.isting tho metal in a current 
of air. Bhiek oxido of iron is iroll known in the form of smithy scales, as a product 
of the ignition of iron in tho atmosphere , and the two oxides of copper may he mmlo 
in a similar manner Sometimes, also, metalhe oxides result from the direct action 
of oxygen upon certain compounds of the metals Thus uraenioua oxide, and the 
niixod oxides of U’on and copper, are prepared by roasting metallic sulphides instead of 
tile reguline metals Again, peroxide of siher is made by acting upon nitrate of silver 
with nascent oxygen evolved from the positne pliito of tho battery Many oxides, pro- 
cured in various ways, are converted into their higher oxides by igmtion m a current 
oi oxygen or of an, ns is the case with peroxide of barium and red oxide of lead, fur 
instance. In this direct mode of oxidation tho oxygon is frequently supplied by means 
of some oxidising compound. Thus the oxides at tin and antimony are readily miule 
by acting upon tho respective metals, or their sulphrdea, with strong mtrio acid ; end 
many oxides are procured by fusing tho metals, or their sulphides, with nitre. By 
this last method, the resulting oxides, if at all of an acid-forming oh.iracter, appear m 
the state of potassium-salts. Many motals, especially at a red heat, are readily 
oxidated by water or stoara. 

y. Some oxides are made, not by oxidation, but by reduction of their superior oxides. 
Thus, the J-oxide of manganeso is made by igniting the peroxide. Trioxide of chro- 
mium IS made by igniting chromic acid, or tho chromates of the volatile metals, 
mercury and amraonmni Cuprous oxide is made by reducing cupric oxide with 
metallic copper Dioxide of tungsten is mado by rodnoing tungstic anhydiicle in a 
current of nydrogen Sometimes the hydrogen resulting from the decomposition of 
ammonia effects the reduction. In this way the ignition of molybd.vte of ammomum 
yields protoxido of molybdenum 

S, One of the most common methods of preparing anhydrous metallic oxides consists 
in heating metallic hydi'ates, carbonates, oxalates, nitrates, and sulphates Nearly all 
metallio hydrates yield metallic oxide by exposure to a degree of heat varying from 
below 100° to full redness. The hydrates of potassium, sodium, and lithium are not 
decomposed by heat, but can yield them corresponding oxides by treatment with their 
respective metals: NaHO + Na = Na^O -e H All metallic carbonates, 
excepting those of barium, pofossium, sodium, and, to some extent, lithium, ate 
decomposed by heat and yield metallic oxides. Quicklime or protoxide of calcium is 
made in this way by the ignition of chalk or carbonate of ciucinm. The oxides of 
nickel and cobalt are frequently prepared by igniting their oxalates , those of barium, 
oopper, and mercniy by ignitmg their nitrates , and those of iron and alumintum, by 
igniting their sulphates 

Oxides are for the most part opaque earthy bodies, destitute of metallic lustre 'With 
the exception of tho peroxides of silver, lend, and manganese, they are non-conductors 
of electricity. The densities of metallio oxides, save of the highly basyloiis^oues, are 
usually lower than those of the motals themselves. Some native oxides are extremely 
hal'd. This hardness greatly exceeds, but otherwise bears no relation to, the hardness 
of the corresponding metals. At ordinary temperatures, all metalhe oxides occur m 
the sohd state. The majority of thorn are fusible, those of lead and bismuth at a low 
red heat, those of copper and iion at a white heat, those of barium and aluminium in 
the oxyhydrogen blowpipe, but that of calcium at no temperature to which it has 
hitherto been subjected Unlike the compounds of metal with chlorine, which are 
much more fusible, the compounds mf metals with oxygen, except indeed the black 
oxide of iron, the trioxide of chromium, and the trioxide of inolyhdoiuim, are much less 
fusible than the nncomhined metals Tetroxide of osmium, trioxide of artenie aud 
dioxide of tellurium are readily volatile, 

A greater or less degree of heat effects the deftomposition of many metallio oxides 
Those of gold, platinum, silver, and mercury are reduced to the reguline state by an iiiei- 
piont red heat. Afa somewhat higher tomporuturo, the peroxides of barium, cobalt, nickel 
and lead uro reduced to tlie state of protoxides, e ' 

iron resnlt from tho exposure of the dioxide and ■ ■ , 

degree of heat. By gentle ignition arsenic anhy ' 

ions anhydride, and chromic unhydrida to tho state of trioxide of eliromium 

The superior oxides of the metals are readily reduced to a lower state of oxidation 
by treatment -with a current of at a more or less elevated temperature. 

At a higher degree -of bcat^ hydrogen gas will transform to tho reguline state all metallic 
oxides except the trioxides of aluminnim aud chromium, and the protoxides of man- 
gane.se, magnesium, barium, strontium, calcium, lithium, sodium, and potassium. The 
tempi'Ritui'e necessary to enable hydrogen to effect the decomposition of some oxides is 
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comparatively low. Tims even metallic iron may be rcaiiced from its oxides by hydro- 
geu ^ at A heat considerably below redness, so as to form an iron pyrophorus. Carbun, 
at a red or white heat, is a still more powerful deoxidating agent than hydrogen, and 
seems to be capnblo of completely reducing all metalhc oxides whatsoever. the re- 
duction of metaUio oxides by carbon at a high temperature, earhonie oxide is alwap 
proiluccd, the reducing power of which gas also is extremely groat. The oxidisable 
mdala in general act as reducing agents. As a rule, the more hasylous meWs, when 
Imutod with the oxides of loss hasylous metals, reduce the latter to tho regulina state. 
Many inferior oxides, cuprous oxide for instance, are made by reducing the higher 
oxides with metal. 

With the oxcoptioE of the oxides of the earth-metals, chhnM decomposes all me- 
tallic oxides, uniting with the metals to form chlorides, and expeUmg the oxygon. 
With oxide of silver this reaction takes place at ordinary temperatures j with the 
alkalis and alkaline earths, at a full red heat. The action of chlorine upon metallio 
hydrates and moist metalUe oxides, to form metallic ehloridos and either hypochlorites 
or peroxides, lias been already described 

Suljiltur at an ekwated temperature can decompose most metallic oxides. With 
many oxides, those of silver, mercury, lead and copper, for iiistauee, uiotaUic sulphides 
and sulphurous anhydride are produced With Uie highly hasylous oxides, the pro- 
ducts are metalho sulphate and sulphide. There are some oxides upon which sulphur 
exerts no notion. Of these the principal are magnesia, alumina, ebromio oxide, and 
the stannic and titiinio anhydrides By boiling sulphur with soluble hydrates, mix- 
tures of polysulpiude and hyposulphite are produced. With the exception of mugnesia, 
alumina, and ohroinio oxide, most metallic oxides can absorb sulphuretted hydrogen, 
to firm metallio siilpliide or sulphydrato and water. 

The action of pliusfharus upon metallic oxides is very analogous to that of sulphur , 
it usually iiroduoes a mixture of phosphide and phosphate. Like sulphur it does not 
react ivith magnesia or alumina Boiled with the soluble alkalis it produces phos- 
piioretted hydrogen mid a hypophosphite. 

The action of water and acids .upon metallic oxides 1ms been already considered 
(pp. 302-306). Many of the acid oxides dissolve in water to a greater or less extent, 
undergoing dcoompusition and forming acid solutions But the dioxides of tin, 
titanium, zirconium, and tantalum, and the trioxidcs of tellurium and tungsten, may 
he obtained in a state perfectly insoluble in water. {Odliag's Manual of CJhcinwtry.) 

Peroxtdes of Organto Radtolcs 

The hydrates and oxides of hasylous or positive orgamo radicles formed on the 
« H“0 have been already described under Alcohois (i. 97) and Ethbm (ii. 608) ; 
the hydrates and oxides of acid or negative organic radicles formed on the same 
type are desenhed under Aoins (i. 39), and Amm)nnii,3 (i 293) Wo have here 
to describe certain peroxides of acid organic radicles recently discovered by Brodie 
(Proe Boy Soo ix. 301, xu. 666 ; Phil. Trans. 1864, p. 407 , Ohom. Soc. J. mi. 
260) The following have been obtained . — 

Peroxide of Acetyl . , . C^H*0* - (C^R'Of.O^ 

Peroxide of Butyryl . . . OH»0* - (C‘H’0)’.0“ 

Peroxide of Valeryl . . . C'»H'»0‘ = (C^H'O^.O* 

Peroxide of Benzoyl . . . =s (C’lPOP O' 

Peroxide of Nitrobonzoyl . . C»H»(NO*)W = [0’H*(N0')O}‘ D> , 

Peroxide of Cumiuyl . . C'"H”0* = 

Peroxide of Camphoryl . . ■» C'"H'*0' O' 

These organic peroxides are produced by the action of peroxide of barium on the 
chlorides or oxides (anhydrides) of the several aeid ladieles. In their chemical rela- 
tions they are the analogues of peroxide of hydrogen and of chlorine. 

The formula; just given express their composition in the free state , the first six, 
which contain monutomio radicles, might all be halved, hut the halt-fomiuho would 
contain uneven imnihors of hyd cogen-atoms and cannot therefore he admitted for the 
isolated compounds these luilf-moleculcs, however, hka the single atom of chlorine, 
may exist in combination with hydi’c^en, producing the correspoudiug acids; thus : — 
Free clilorins. Hydrochloric acid. 

aCl. HGl. 

C'H'd*. H.C=H»0«. 

Peroxide of Aoeii/!, C'H'O', is prepared by dissolving acetic anhydride in pure 
ether, and gradually adding an equivalent quantity of pure peroxide of barium . 

2C<H»0’ + Ba"0' = C*H''Ba"0* + C'H«0'. 
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Its preparation ond properties have already been deaeribed (i, 35). Wlien dry it is 
violently explosive and must be handled with the greatest caution It is a powerful 
oxidising agent, Uke peroxide of hydrogen, but is distinguished from that compound by 
not redneuig chromic or permanganic acid in amd solution. 

Feroxtde ofSutyryl, is easily prepored by carcfuUy mixing butyric 

anhydride with an equivalent quantity of hydrated peroxide of barium (till a drop of 
the mixture, acidulated with hydrochloric acid, gives a faint blue colour with dilute 
solution of acid chromate of potassium), stirnng up the muss with a httle water, and 
agitating with other. The ethereal solution w.ashed with dilute hydrochloric acid, 
carhouato of sodium, and water, and left to evaporate, leaves the peroxide of butyryl ns 
an oily body only slightly soluble m water , it must be dried with cWorido of calcium. 
It decomposes with slight explosion when boated, and when suspended in water exerts 
an oxidising action, like the acetyl-eompoimd. 

Peroxide of Valeryl, prepared in bice manner, is a heavy oily hquid, 

possessing similar properties. 

Peroxide of Beneoyl, is prepared by gradu.ally mixing pure hydr.ated 

peroxide of barium (previously dried by pressure between bibulous paper) in a mortar 
with an eqmvalont quantity of chloride of benzoyl ; mixing the mass after some hours 
with water ; washing it on a filter with water to remove cliloride of bnnuin, then with 
carbonate of sodium to remove benzoic acid; drying the product under the air-pump, 
and caystallising it several times from sulphide of carbon, which must not bo heated 
above 36°. The quantity thus obtained omoimts to about 88 per cent, of the benzoic 
clilorido used. Excess of water diminishes the product. It is necessary, however, to use 
hydrated peroxide of barium, hecanso the anhydrous peroxide does not not upon 
benzole aimydrido, or oblorido of benzoyl dissolved m ether, even at 100°. The 
quantity of the product is also diminished by the presence of peroxide of banum m 
excess, inasmuch as this body, in presence of water, destroys the peroxide of benzoyl, 
exerting a reaction exactly opposite to that by which it was produced . thus, 

Pormation. 2C^H»OCl + BaO’ = BaOP + ^’H‘0)^0^ 


Decomposition : ^C'H®0)'*0’ 


(C’H*0)»Ba"0= + 0». 

Benzoate of 
barium. 


Peroxide of benzoyl may be obtained in large splendid crystals, belonging to_th 0 
trimotric system, and exhibiting the combination top . oP P . Poo ^ Poo . ^ . 

Inclination of the faces, Poo oP = 146° 36', mP, mP = 116° 41' j JPoo . 
i Poo = 124° 39'; I Poo • 1 too « 143° 30'; foo : Poo over the principal axis 
= 113° 12'; P : P in the hraehydiagonal terminal edge =» 131° 4'; in tlie 
maorodiagoual terminal edge <= 97° 36', at the base = 102° 11'. (Muller) 

Peroxide of benzoyl melts at 103-S° (only very small quantities, however, can be 
melted wiiliout decomposition), it dissoliea readily in ether and benzene, and in 39'6 
pts. sulphide of carbon at 18°. It is decomposed by boiling potash-ley with evolution 
of oxygen, mid fonnation of potassic benzoate. When heated alone it decomposes with 
slight explosion, if mixed with sand, it gives off carbonie anhydride (nearly 18 per 
cent ), at about 86°, leanng a resinous substance. 

Peroxide of Nitrobenooyl, C'*H“(N0’‘)®0', is precipitated on adding water to a 
solution of benzoic peroxide in a large excess of fommg nitrio acid, and remains, on 
evaporation of its solution, in sulphide of carbon, as a hgbt yellow substance which 
dccompses with slight explosion when heated. 

Peroxide of Otimtnyl, is prepared like the benzoyl-compound, siid 

crystallises from ether in long needles, which explode when heated, leaving a rcsiuous 
substance. 

Peroxides of Piatomio Aoid Radicles, The anhycliides of dibasic acids 
treated with peroxide of barium form easily decomposible compounds which may be 
regarded ns the peroxides of diatomic radicles. When eumme anhydrido is gruclimlly 
mixed with peroxide of barium and a little water, an evolution of oxjgon soon takes 

C :c, and an alkaline liquid is formed which does not contain any succiuato of b.iimm, 
possesses strong oxidising properties, though it contains no peroxide of hydrogen, 
as it does not decolorise permangame acid or form a blue colour with acid chromate 
of potasfcium (as is the cose vrith a mixture of borium-poroxide and succinic acid). 
The solution bleaches indigo, precipitates manganic peroxide from in.ingnnons acetate, 
oxidises ferrocyiundo of potassium, ehnunates chlorine from lijdroebloric acid whim 
heated with it, and is resolved by boiUng mto free oxygen and succinate of barium. 
With lactide .a tohitioii is formed possessing similar properties, but still more decom 
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posilib More perniaueut ia th« alkaJme strongly oxidising solution obtaiuod by 
fcatuiuting 1 at campliono anhydride ma well-cooled yessel, withl at. bainuu-peroxido 
and ttiiter, Tliia solution appears to eoatam the bamum-salt of eamphone poroxiclo 
Ci«l[nua"0'‘, formed by the cUroct tuiioii of ciunphorie iiuhydrido 0'"II“0’ with, 
biu'ium-perosido BaO“ and not a campliorute of barium-peroiide, for it does not 
yield i^ieioxide of bydcogen with acids, or barium-peroxide with alkalis 

oxvasicr, HEXBCTIOW awe BSTIIWAXIOH or. Oxygon ill the purs 
state, IB easily distiuguisbed from all other gases by the facility with which it supports 
combustiou , a taper or a piece of wood immersed in it with only a single point in a .stale 
of Ignition bursts instantly into flame. This ofleet is not produced by any other gas 
except nitrous oxide, wliicli acts hko diluted oxygon, rekindling the taper only when 
tlia mek is atiU in a state of nvid glow. 

In g.iseoua mixtures, oxygen ui.iy be detected, and its quantity estimated, by means 
of a solution of p.i/i oimlhite of potassium, which absorbs it rapidly, turning black at tbo 
same tune , for the dutiuls of the method see Analysis of Gasus (i 283). A solution 
of gallic or taniiie acid lu excess of potash inuy also bo used , but the action of these 
solutions is much slower. Oxygon is also absorbed by phosphorus, potassium, 
solutions of alkaline sulphides, fin ous salts, and by an ammomaiul solution of cuprous 
chloride, or of cuprous sulphate; hut none of these reagents are so convenient or so 
oxaet in their indications us pyiogallato of potassium. 

Oxygen may also bo sopaiated trom guseous mixtures, and q'tontitativcly estimated 
by explosion with hydrogen, tiio volume of oxygen present being equid to a third of tho 
volume of gas which disappears, hupposing of course that all other gases which cun unite 
either with tlie oxygen or with the hydrogen have been previously removed (i. 285) 

The amount of oxygon in solid or liquid compounds is usually estimated by diff'er- 
enoo, after all the other elements pirosent have been dotorinnied iseo Analysis, Oroanic, 

1 230). There are but few compounds from which oxygon can be separated in the 
free st.ito by tho action of heat alone, and it is only fiom tho noble metals that it can 
be completely separated in this way ; but the usual method of determining the oxygen 
in motiUie oxides is by iroition iii an atmosphere of hydrogen, the water produced 
being absorbed by ehloride of calcium, and weighed. 

Active oxygen or ozone is distinguished from ordinary oxygen by its more 
powerful oxidising properties, The reagent usually employed lor detecting its 
presenOB in the air, or in any gaseous mixture, is paper covered with Btaroh-pasta 
containing iodide of potassium, which when luoistoncd quickly ussumos a blue or 
violet colour in contact with ozone. 

Staieh-paper iiuprcgimted with solution of potassium-iodide of known strength is 
also used for determining the relative quantities of ozone m tho air in dilerciit 
localities, and at diffoient times, the amount present being regarded ns inversely pi opor- 
tional to the tiuio of exposure required to produce a given depth of tint But tile 
indications thus afforded are uncertain, tlio rapidity of tho action being modifled by 
various eu’ouiastanees, us by tho temperaturo and humidity of tho air , moreover, 
tho paper onoa coloured by ozono becomes decolorised again by continued exposure, 
and the same effects of coloration and subsequent decoloration may bo piodueed by 
other gases m the air, eliloiino, the oxides of nitrogen for example. For these reasons, 
Houzeau prefers litmus-p.ipev, slightly reddened and impregnated with iodide of 
potassium. This paper turns blue in prcseuco of ozone, the coloration arising from the 
production of a certain qimntity of potash and sep.iratioii of iodine. The sumu 
eluiigo of colour is not produced by any other gas except iiimnoiiiti, and the blueing 
produced by this re.igent is easily distinguished tiom that arising from the action of 
ozone, inasmuch as it is likewise produced on red litmus-paper not containing iodide 
of potassium, Chloriue, bruiiiino, iodine, nitrous compouiida and acetic acid, change 
the red colour of tho prepared p.ipcr to reddish yellow 

Andrews estimates the quantity of ozone contained in a given volume of lurhy 
passing tho diy air through a bulb-apparatus eontuiuing solution of potassumi-iodide, 
thou through another contiunmg strong sulphuric acid to ahsoih the water carried 
away from the first solution Tho merease of weight ot the two apiparatus gives 
tho quantity of ozouo absorbed, and on deteriiiiiiing the quantity of iodine si t free, 
according to Bunsen's method (i. 2C.5), it is found that tho qiuiitity of oxjgen 
equivalent to the iodine thus liberated is exactly equal to that of the ozono ubsorbed 
(p 301). 

Atomic weight of Oxygen — Tho proportion between tho atomic weights of oxygon und 
hjdrogen is determined by the iiiialy.sis and synthcMS of, water Tho most exact 
method consists in passing perfectly pure hydrogen gas over red-hot oxide of copper, 
•liul comparing the loss of weight which this oxide siist.uns with th.it ot tho water 
produced. Kxperiments made in this manner by BerzeUna and l)uloiig^Anu.Gh. 
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Phye. Ixv. 386), subsequently witb greater exactness by Dumas and Stas (Ann Cb. 
Pliys. [S'! viii, 189), and by Erdmann and Marchund (J. pr. Obem. xln. 461), concur 
in showing that water is composed of 1 pt, by weight of hy^ogen and 8 of oxygen (lii. 
195), and therefore, that if the atomic weight of hydrogen bo taken as tho unit, and the 
composition of water be represented by the formula H'O, the atomic weight of oxygen 
is 18, The reasons for regarding water os H'O, and not as HO, have been fully die- 
cussed in tlie article Atomic Wdiqhts (i. 461), 

OXTCSN’A.TES WATER, "Water holding peroxide of hydrogen in solution 
(lii, 197). Sohdnbein (J. Pharm [4]i, 76; Bulb Soe. Chun. 1865, i. 69) detects 
tho presence of peroxide of hydrogen in water by its power of converting the protoxides 
of lead, nickel and a few other metals into peroxides, and tho decomposition of potas- 
sium-iodide by those peroxides in presence of an aciA The liquid to he tested haring 
been rendered alkalmo by a little potash, a small quantity of a lead-salt is added (not 
in excess) and then iodide of potassium mixed with starch. If then, on adding an acid, 
a blue colour IS produced, the presence of peroxide of lead, and couaequeutly of peroxide 
of hydrogen, in the original liquid may be inferred. 

OXTCEirozil. A name applied hyDuflos to those noa-matalKo elements which 
in their chemical relations exhibit a Cortam resemblance to oxygen, viz, bromine 
eblorine, fluorine, iodine, seleiiinm and sulpbur. 

OXVOtrAirxHrE. A substance produced by tbo action of peimanganate of potas- 
sium on guanine dissolved in coiistio soda. (Seo Guanejb, li. 962.) 

aXTCUMMlo ACZB, C*H‘"0'‘. (A. Boyer, Ana. Cb. Pharm. C3i*ti.363.)~ 
"When glucose is treated with cupric oxide and potash for the preparation of Ecichardt’s 
gummic acid (li. 956), the resulting hquid precipitated with chloride of banuin after 
being rendered slightly alkaline by ammonia, ana tho precipitated giimmnte of barium 
dried over the woter-batb, part of it is converted by oxidation into oxygummate and 
carbonate of barium : 

C»H'«0'« + 0‘ = 0'H'»0'> + 200* 

Oummlo acid. Oxygummlc 

The barium-salt treated with sulphuric acid yields a solution, fl'om which oxygummic 
acid may he obtained in sbining needles soluble in water and alcohol. The solutions 
are strongly acid. The crystals dried in the uir, or over sulphuric acid, give off 
water and leave a white powder soluble in water Seated above 130° the acid decom- 
poses with intumescence, giving off pungent aromatic vapours and leaving an aeid eat- 
bonaoeous residue. 

Oxygummic aeid is tetrabasic. Tbs banum^salt, 0'H«Ba"0'‘, is a bulky preoipifate 
wbiob soon becomes crystalbne , it dissolves sparingly in water, easily in hyiioelilorio 
acid, and gives off a little water at 100°. The silver-salt, C'S^Ag'D’®, is a white preci- 
pitate sparingly soluble in acetic acid, less sensitive to light than the gummate. At 
100° it deflagrates like oxalate of silver 

OXTHIPTURIC ACID. CH'NO' —This is probably the composition of an 
easily soluble acid produced by boiling tbo aqueous solution of dnmohippurio acid, 
C'H'N'O’ (tbo product of the action of nitrous acid on amido-hippuric acid, lii. 
160). (P. ariess, Jahresh 1862, p. 280.) 

OXVHYDROOEN BZiOWFZPE. See Biowfn?® (i. OlOl.—DeviUe and 
D ebray (Ann. Oh Phys. [s;[ Ivi 386) employ the oxyhydrogen blowpipe in the following 
manner for effecting the fusion of platinum and tlie refractory metals which uceompiiny 
It, The apparatus consists of tho blowpipe 0 (flg 733), a furnace ASJ?, and a crucible 
frffl! Tho blowpipe is composed of a copper tube about half an inch in diameter, ter- 
minating below in a Kligbtly conical platinum Jet about 1} inch long Within tliis 
tube, which is supplied with hydrogen or coal gas through tho stop-cock H", is a second 
copper tube O' for supplying oxygen, terminated also by a platinum nozzle with an 
aperture of about a twelfth of an inch in diameter. 

Tho furnace JBJ) consists of three pieces of well-humt hme of slightly hydraiihe 
(juahty, which may be turned at a lathe with ease The cylinder A is about 2j 
inches thick, and is perforated by a slightly conical bole into which the blowpipe 
tits aecuratoly, passing about balf-way through the thiekuess of the mass. A second 
somewhat deeper cylinder of Hme )?, is hollowed into a chamber wide enough to admit 
the cnicihle, and leave an interval of not more than a sixth of on inch clear around 
it. ICJC are four apertiues for the escape of the products of combustion. 

The outer eruoiblo HAT is also made of lime, bnt it contains a smaller crucible / of 
gas-coke, provided with a cqver of the same material; and in this the suhstauoa to be 
fused IS placed, tho cmcible resting on the hme support H'. Tlic conical cover fi is 
made of lime, and its apex should be placed exactly under the blowpipe let, at a distance 
from it of J to li inch. 
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Tlio different pieces of tlie furnaeo mnst bo bound round with iron wire to support 
tbcm -wheu they oraob. The oxygen is admitted under a pteEsure of a column of 16 
inches of water. The temperature is 
Pig. 733. gradually raised to the maximum, and in 

about eight minutes from this time the 
operation is complete. 

By employing a jet of mixed coal-gas 
and oxygen (EQ, fig. 734) in a furnacoof 

Pig 734. 




lime, Devillo and Dobray succeeded, at 
an expense of about 43 oubio feet of 
oxygen, in melting and refining in 42 
minutes, 26 4 lbs. .ivoirdupois of plati- 
num, and casting it into an ingot in a 
mould of g.iB-colco ; and much larger 
masses have since been melted by this 
method. Lime is so bad a oondiiotor 


OXT-IOSXO ACID. Syn. with Peeiodio Acin. 

OXTriXSATIOia:. A term applied by Sehdubein(Pogg Ann. Ixxi. 620) to the 
oxidising action of nifrous acid, nitric acid, &e , at ordinary teinpcraturos. He siipposea 
that pai't of the oxygon ni these bodies is m a peculior iictire state (combined oaoue 
in fact), and calls it “ oxyliaed oxygen " 

OXYIXZAKIC ACID. SjTi. With PuEruniiT 

OXYMBTHYl^-CABBOirxc ACID. A name applied byHolho(Aun. Ch. 
Phann. cxxvii. 159) to glycoUic acid, regarded as SO, 

OXYWtIlTHYI.-TRXETHYl.-»HOBPHOimrM. (Seo PHOSPnOECS-BASBS ) 

OXYMOBPHXNB. AccordingtoSchiitzenborgor (Ann Cb Plurm. cvii. 316), 
morphine (G'’H"’NO') treated with nitrous neid yields tlirea basic products to which 
he assigns the formula:, C>’H>»NOS C'’'H-‘N0'.H-O, and C”iP‘NO». 

OXYlTAPHTHAIilO ACID, C'“H“0’. — ^This compound has not been actually 
obtained, but two olilorinated acids arc known which may be regarded us deiivatiTcs 
of it, namely, chloroxynaphthalie acid C'’‘H.^CiO“, and perohloroxyiiaph- 
thalio acid C'“H(JPO’. These acids are produced by the action of potash on the cor- 
responding chlorides (vtd. inf). Alizarin has the composition of oxyniiphthalic acid, 
hut it is not produced by the action of sodium-amulgam or of the electric current on 
chloroxynaphthalie acid. 

OhloToxynaphthahc acid, C'”H“C10*, also called cldoronaphthuic wcA chloro- 
naphihalw acid, has been already described under the lust name (p. 14). 

Pcrc!iloro<cynaphth-ahc acid, C'"HCl“Ok Chloride of poreliloroxynaphthyl 
treated with potash is immediately converted mto a crimson biihstance from which 
acids separate yellow pcrchloroxynaphthalie acid. It may bo crystallised from ether, 
eonvortw into a potassium-salt, roprocipituted by im acid, and furthirpurifled by crys- 
talKsation from alcohol or other. In contact with potash or ammonia it formf, red or 
crimson salts, which are insoluble lu cold water, hut appear to ho slightly soluble in 
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Ijuilittg water They may be obtained in the cryatalliuo form by noiitraiising a boiling 
alcoholie solution of the acid with an alkali. (Lauren t, Kav. Soient. sm fi96 ) 

OXYnaLPHTK'Z'j;, ORi:.OKXSB or. The chloride corresponding to oiy. 
naphthalic acid has not been obtained, but two eldorinated derivatives of it, being tlie 
chlorides corresponding to tho chloroxynnphthalie acids just described, were discovered 
by Laurent (Ann. Ch Phys. [2] Ixxiv. 35 , Bov. Sciont xiu. 691) They are formed 
by tho action of nitric acid on certain eldorinated derii utives of naphtlialone. 

Chloride of ^ ^'■"TOIO'^.CI. Oxiohloronajih. 

ialose. Oxyde di : i 'onaphthaloiie is slowly ut- 

taolcedbyboilmgi , ' more fusible If the action 

ho stopped as soon as tho yellow suhstanee r6m»uns on cooling in the form of a very thick 
od, a solution of phthnUe acid is obtained, together with a viscid yellow oU in whieli a 
yellow pulvendeut deposit forms after a while Tho separation of this substance may 
be accelerated by pouring other on tbo od, and if the ethereal solution bo decanted after 
a day or two, the deposit washed on a filter with ether, and then dissolved m a large 
quantity of boiling alcohol, the solution deposits on cooling needle-shaped crystals of 
eldoride of ohloroiynaphthyL 

This compound is yellow, insoluble in water, very slightly soluble m alcohol and 
ether, whence it is deposited in needles. It distds without alteration; is dissolved 
with mahogany colour by strong snlphuiao acid ; and is converted by nitric acid into 
phthalie acid. An alcohohe solution of potash colours it crimson, and decomposes it 
Into chloride and cliloroxynaphthalate of potassium. 

Chloride of Verchloroscynayhthyl 0"C1'0’ = C'"C1’0® Cl. Oxyde do 
Bhhroxinaphtalue. — Produced by the action of boiling mtrio acid on hesoldoronaph- 
Ihalene. The action is very slow, reqniring three or four days hoiUug to complete it ; 
hut ultimately a resinous anhstanco is obtained , which, when freed from a little 
oily matter by ether, and pniifled by one or two orystallisatioaB from boiling petroleum, 
has the composition of cluorido of perchloroxyunphthyl. 

This substance when pure forma highly lustrous golden-yellow scales. It is insoluble 
in wafer and alcohol, shghOy soluble in boiling ether Itmeltaat a somewhat high tem- 
perature and volatilises in great part without alteration By boiling nitric am, it is 
probably converted into trichlorophthalie acid. Potash and amnioma convert it luto 
ohlondo and perohloroiiynaphthalate. 

OXTWAPBTaTl^AMnni. Ci'H'NO Oxynaphthyhdine. Naphihameine. 
(Pina, Ann. Oh. Phann. Ixsviu. 41.— H. Sohiff, thid. oi. 91).)— A base produced 
by the sotion of vanous oxidising agents, such as feme, auric, mercuric, staniiio, 
or zmo chloride, silver-iutrote, or chromic acid on naphthylumine Tho violet colour 
acquired by naphthylamme and its salts, as well as by the thionaphthamates. on 
exposure to the uir, is probably duo to the formation of this base. Aceoi'ding to 
Ganihl (Ann. Ch Pharm xeix 240), it is likewise formed, with evolution of nitrogen, 
by tho first action of nitrous aoid on naphthjhimiuo suspended m water. 

To proparo it, hydrochloruto of naphthyUmmo is dissolved in alcohol, tho solution 
diluted with water, but not sufficient to enuso turbidity, and while tho whole is con- 
timiously stuTcd, aqueous feme clilorido is added, di'op by drop, until a slight excess 
is present. Tho whole is allowed to stand for an hour witii repeated stirring, and the 
pwcipitete IS then eoUaetod, and washed, first with water till the wash-waters oeiiso to 
become turbid with nitrate of silver, afterwards with alcohol, and then dried in v.icuo 
(Piria). Schiff adopts tho same method, or he precipitates sulphate or acetate of 
uaphthylnmme with aqueous ehroinio acid 

Oxynaphthylamine is a light, amorphous, dark purple powder closely resemhhug 
oreein. "When moist, it has a peculiar odour, resembling that of lodino, especially if 
heated, It is insoluhlo in teaier, also lu ammonia and caustic potash It dissolves 
sparingly in alcohol, imparting its colour to the liquid, abundantly, with purplo 
colom', in ether, and is preeipitiitod from the solution by spontaueoas evapora- 
tion as an amorphous powder. It dissolves in cold sulphuric acid, forming a blue 
liquid of the colour of iudigo-solution, and is precipitated by water uuebaugod. It 
dissolves in concentrated aciiio acid with violet colour; tho solution is not preoipitatnl 
by Water or by tartaric acid, but oxynaphthylamine is precipitated thorofrom by most 
acids, alkalis, andnietallio chlorides. (Piria ) 

It does not combine with acids or with bases 

It melts when heated, and immediately decomposes, evolving an aromatic vapour 
smelling of naphthylumine , and finally leaves a residue of difficultly comhustiblo cli.ir- 
coul, which however may he completeljr burned, Wtien moist, or imiunrsed in w .iter, it 
r.ijudly becomes violet , hence it is difflcidt to obtain tho dry product of a pare blue 

The name oxyiiaphthylaimne is also applied by Dus art tp a weak base, probably 
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containing C"’H"NO-, produced by tie action of reducing ngenta on nitroxyuapiitlialie 
acid (p. 118). 

HI 

OXVPABATARTARIO ACID. C“H»0» = (C’H'Oy'J-O*. (Maxwell 

H® I 

SimpBon, Proc. Eoj' Soo, xiii 41, — Bull. Soc. Chini, iii. 368.) — This acid, homo- 
logous with malic acid (C^H'O®), and related to paratartaric acid in the same manner 
ns m.ilic to aucciuic acid, ia produced togethor with aininoni.i by the action of potash 
on glyccro-hydric oxjdioyanido or dicyauhydrin ^ |cy®’ cyanic analogue of 
diohlorhydrin • 

O’H'OCy® + 2KHO + 2n®0 =. C*H'K'0« + 2NH’. 

Preparation. — A mixture of 1 et dichlorhydrin and 2 at. pure potassium-cyanide 
with a eortiiin quantity of alcohol is heated to 100° in well closed sedletz-water hottlea 
for twenty-four hours, by winch time the whole of the cyanide of potassium is convei ted 
into chloride. The contents of the bottles arc then flltovcd , the solution containing ili- 
oyaiiliydrin ia heated inth sticks of potash ns long as ammonia continues to escape , and 
the residue, after being freed from alcohol by distillation, is treated with nitric ucid, the 
eseoas of which ia then also evaporated offi On treating the residue consisting ‘of 
petussium-nitrate and oxyTroratactaric acid with alcohol, ovaporatnig tho filtrate, redis- 
sohiiig the stivmgly coloured residue in hot water and treating it with chlorine, then 
neutralising the whole, cautiously proeipitiiting u third of the acid with silvcr-mtr.ite, 
then tiltcriiig, and preeipitiitmg the fllti-ato completely with silver-nitrate, a perfectly 
Colourless suver-siut ia obUiiied, which, when decomposed by sulpbydrio acid, yicMs 
oxyparatartaric acid na a colourless crystalline mass, 

Oxj paratartaric acid has a pure acid taste, mid dissolves in water, alcohol mid ether. 
It melts at about 135°, and decomposes at a higher tenipeniture. The free acid yields 
a copious white precipit.ite with .icctato of load, but is not precipitated by lime-wnter. 
■Wlien neutralised by an iilkali, it gives a white precipitate with mercuric clilorido, pale 
brown with feme chloride, bluish-white with cupric salts, and a cloud with chloriile 
of barium. 

^ -i 1 .- tbe formula of its silver-salt being CH'iAg’O*. The 

' . ' ' , distils between 296° and 300°, with partial decomposition 

iiio reacLion uy w uicu iiiis iioid is obtained would, if .applied to each of the cyanides 
derivable from diatomie and tiiutomio alcobolR, yield for each di.atomic alcohol two, 
aud for each triatwaic alcohol three acids of different degrees of basicity, thus . 

Diatomie Alcohol (glycol). 

CjanMc Add. 

Glycolic Oilorhydrm C®H‘OCl C®H“OCy luetic (monnhnsic). 

Diuhlorido of Btliylcno CffBCy® C*H“0‘ Bucemie (dibasic). 

Tnatonm Alcohol {glgccnn). 

Clilorhydrm . C’lI'O’Cl CfH'O^Cy C'H'O® (monobasic). 

Biohloi'hydnii . t'“n’OUl® C®H“OCy' CWO® oxyporatartarie (dihisic). 

Tricblorhydrin . C»lI»Cy» C»H”0» (tabasic) 

oX'S'PHEts'lC ACXS, C“H*0® Pgrocatechn. Pyromorintannioacid (Beinseli, 
Eepert. Ixnn 54 — Wackenrodcr, Ann. Cb Pharm. xxxvu. 327. — Zwengei, liirf. 
ixivii 327 — R. W agiior, J. pr. Chem. In. 460, Iv. 66 — Eissfold^ tlnd. xcu. 101. 
— Biioliner; ibid xevi 180 )— A substance metamerio with hydroquinone (ui. 213), 
produced by the diy distillation of catecinn, morintaniiie acid, and probably also of 
poucedanin and of kuio , also of wood, whence it is found in wood-vuieg.ir. It 
does not occur in coal-tar. According to Eissfeldt and Uloth (Ann, Ch Phorui 
cxi. 216), all those kinds of taiiuin winch turnfeirie salts green, — e. g. the tiinnin of 
Kramenatriandra, Tot iiiintillaerectajPulygonumDistoita, VaccinhimMyi tilliis, Pyrola 
uinhtllaia. Calluiia vulgaus, Ledum palustre, &e., yield oxyphenic ucid by dry distilla- 
tion, whereas those kinds which turn ferric salts hluo (e. .g tliat of Aibntus Uva Urtt, 
and of Ilhudiieh ndi on fin uginttm) do not yield it. It is also produced, together with 
carhoiiic anhydnde, by heating oxysalieylie acid to 210°— 212° . = CO® 

+ C“H“0', a certain quantity of tho metameric body hydroquinone being always 
farmed at tho same time. lodophenyUc acid treated with potiish-ley also yields oxy- 
phemoaeid. (Lautomanu, Ann. Ch. Pharm. exx 20!) ) 

Preparation — 1 Ciileehm or catechu is intioiWed into a c.ipacioils retort and 
quickly heuted iiljovu its melting jiniiit till it eliiiro ; the distillate which collects 
in tho cooled recoivor is evaporated at 30° till crystals lorm on the surface, the empy- 
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reumaKc oils whicli become rebinkod during the evaporation being separated by filtra- 
tion, the hlack-browa crystalhno iuat.3 -whieh foinia on cooling :a sublimed (after 
pressure between paper, according to "W ngiior), a luige quantity of liquid then passing 
over at firbt, wbidi also yields oxypbonic acid by evaporation ; and the sublinuition of 
the crystals is repeated throe or four times, till they no longer become coloured on 
exposure to the air (Zw eager ). — % Crude morintanMC acid mixed with an equal 
quantity of sand IS heated in a retort over a moderate fire; and the distillate, which 
solidifies on cooling, is freed fiiom oil containing phenol by pressure between paper, 
and purified by aublimation and recrystallisation from water (Wagner). — 3 Mal- 
abar kino or butea-kiuo yields by diy distillation a clear watery liquid smeUiiig of 
creosote, and leaving, after separation from empyreumatic oil, and evaporation, a black 
erystnllino mass, which when subhmod, yields oxyphemo acid in thin colourless lumina>, 
and sometimes in rhombic pnsina. From malubar kino (but nob from butea-kiuo), 
8 small quantity of oxypbsnic acid may also bo obtained by extraction with ether 
and evaporation, — or by precipitating the aqueous extract with acetate of lead, decom- 
posing the lead precipitate with sulphuretted hydrogen, evaporating, and digesting the 
residue in ether (Eissfeldt) — 4. Crude wood-vinegar evaporated to a syrup is 
shaken up with a saturated solution of common salt, the liqrad separated from the 
tairy matter is agitated with ether ; the ethereal liquid separated from the saline sole fioii 
and the ether disbUpd off; and the residue (containing oxyphemc acid, aeotic acid and 
tar-oJ) distilled in a stroiim of oarbomc anhydride, whereupon acetic acid passes over first, 
then oxyphemc acid and tar-oil, then a brown viscid oil. ^ The middle portion of the 
distillate, which must be collected apart, sobdifies on cooling in a reddish-yellow oijs- 
talliuo pulp, which, when pressed between bibulous paper and sublimed in a stream of 
carbonic aubydrido, yields colourless oxypbenio acid Or better The wood-vinegar is 
shaken up with other without previous evaporation , the residue obtained from the 
ethereal liquid by distilling off the ether is shaken up with a saturated solution of oum- 
mon salt; the salmo solution, after separation from the oil, again sliaken up with other, • 
the other distilled off; and the residue also suhj seted to distillation . a liquid is then oh- 
tained, which, on cooling, yields tolerably pure crystals of oxyiihenio acid (Buchner) 

Fropiriies. — Oxyphemc acid forms broad, white, strongly shining lamintsresemblhig 
benzoic acid, and rhombic prisms (Zwcuger). Small shining rectangular prisms 
belonging to the trimstrie system ; bevelled with two faces resting on the acute lateral 
edgee at an angle of 116° (Wagner and Neumann). It melts at 116°, and 
sublimes evsn at a lower temperatime (Zwengoi); melts, after drying, betuem 
110° and 116°, and volatilises gradually at 130° (between 60° and 60° according to 
W ag»6i); melts at 111° or 112° ; when perfectly dry, and volatilises even at ordinary 
temperatures (Eissfeldt) ; molta at 111°, and volatilises at the melting point, 
enbliming in shining laminie (Buchner). Boils between 240° and 245° (between 
240° and 260°, according to Wagner), and yields colourless vapours which condense 
into a quickly erystalbsing oil (W aguer). The vapours have a pungent odour and 
excite coughing. It has a bitter taste and scarcely reddens litmus Mixed with iiydro- 
chlono acSl, it colours fir-wood violet, the colouring being stronger as the oxyphemc 
acid IS more free from phenol. (Wagner.) 

Oxyphemc acid dissolves readily in water, also in oU of mirwl and ht/droehlork ociil, 
very readily in afc(i/io/, and very readily according to Zwenger, but with diffieulty 
according to Buchii er, in etier. 

It quickly absorbs ammomacal gas, and gives it off again in vacno or at 100°. 
(Zwenger.) 

Its aejnoons solution forms, with neutral acetate of lead, a thick white precipitate, 
C‘HTb'0’, which is permanent in the air, nearly insoluble in water, but dissolves 
very readily in acetic ueid When dried in the cold, it appears groomBh-wlutc, but 
brownish when dried at 100° 

The aqueous solution of pyroeateebin does not colour /erroMs salts, it colours /crnii 
salts dark green and then forms a blade precipitate . the dark green colour is changed 
by alkalis, even in voiy dilute solutions, to a beautiful violet-red hke that of perman- 
ganate of potaasuim, and tlie green colour i8 restored by acids. 

It does not precipitate gelatin, or tho salts of gnininc. 

Decompositions. — 1. OxyphemcaadtumsyeUowwhen heated, and becomes somewhat 
richer in carbon It also leaves a shght black residue when sublimed This residuo 
boiled wjtb water, le.tvea an empyreumatic resin, and yields a brown decoction ; on 
evaporating tins liquid, a black film forms on the surface and a brown-black residue is 
left. — 2. It burns with a bright flame — 3. Its aqueous solution turns reddish in con- 
tact with the air, and may be evaporated witlioiit decomposition. — 4. It is rapidly 
decomposed by cAloi ate of potassiwm. and hydroohlonc acid, yielding perchloroquinoiie. 
— 6 Nitric acid acts upon it with violence, evolving red vapours. Thn products of this 
reaction are oxalic acid and traces of a ycUow uitro-acid, probably oxyphemc acid.— 6. 
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"With aqueous Monde of him or and chromate of potassium, it forms a black liquid 
and a black precipitate — 7. "With aqaoona eaustw alkalis or alkaline carbonates it 
forms 11 mixture winch is yellow at first, then becomes greenish-yellow, and lastly 
black. The iiqneoiis solution of oxyphenic acid produces a greenish precipitate with 
silver solatwn, the silver being partly reduced, and a dark brown precipitate with sol- 
ution of 111)1(1, To plntimc chloride it gradually imparts a green colour and then forms 
a grcenisli-brown precipitate. According to Wagner, it easily reduces silmr nitiate, 
auric chill! idc and platimc chloride; and at a boiling heat, ciiprio sulphate or acetate 
inixi'd with potash; it aleo imparts a brown colour to cupric acetate, and thou 
forms a bluck-broum precipitate. It is not altonsl by sulphurous acid. (W agn er.) 

Acctoanphenio acid, C‘'ff(C'^H*0)W, is produced by the action of cblonde of 
acetyl on oxj phonic add. It is pasdy fusible, insoluble in water, but soluble m 
alcohol, whence It crystallises in needles. Itdoes uoteven colour iron-salts. (Naehhaiir, 
Ann Ch. Pliaim evil 243 ) 

Beiicnxyphcnic acid, 0*H'(G’H‘O)'O’, is obtained in like manner as a viscid 
mass which solidifies ui the crystalhne state after a few days. It is insoluble in water, 
casdy soluble in .ilkalis and in alcohol, and crystallises from tho latter in fhmiel-sluiped 
masses of rhombic crystals. The solution colours iron-salts green (Nachhaur.) 

OXTFBEXQTTIi-SXriiPBTTSZC ACID. C*H“SOI— This acid is formed, with 
evolution of nitrogen, when the nqneous solution of diiizoplienyl-siilphuno acid, 
C'E^N'^SO®, is heated above 60°. Its sdver-salt, C"Bl“AgSOS crystulliees in small 
noddies. (E. Solimitt, Ann. Ch Pharm. exii. US.) 

OXYFBtrCEDAN'ZIQ’, See Pgvcbdanih. 

OXYPBOBFKYBIC ACIB, A nitro-acid produced by the action of nitrie acid 
on cuxantbone (ii 61(1). 

OXYPICBIO ACXS, C*H;*N’0« = C*II*(N0*)’0 ’.— acta (from 

ary^vls, astringent). Artificial hitter or artificial tannin of Brasil wood-extract . — ^This 
acid, which dittbi'S from pione or trmitrnphonic acid by 1 at. oxygen, is produced by 
the prolonged action of nitric acid at the boiling heat on extract of ilraail wood, 
euxantlione, gum-ammonium, asafoetida, galbonum, sngiiponnm, or the aqueous extract 
of fustic or sandal-wood. It wus first obtained m an impure state by Chevreul in 
18S8 (Ann Ch Ixvi 110 , Ixxui 43), afterwards in the pure state and more exactly 
investigated by Erdmann in 1840 (.T, pr. Chom xxxvn 409; xxxviii. 365), and a 
few weeks later by Bottger and Will (Ann Ch. Pharm. Iviii. 273). 

Pr^aralion — 1. From Asafxfida. 1 pt of asafcctifia in lumps of the size of a 
walnut is heated to a teinperuturo between 70° and 76° in a wide porcelain b.asin, with 
4 to 6 pts nitrie acid of specific gr.avity 1 2, fi'co from sulphuric and hydroehlorio 
acid ; and, after tho resin has become soft and divided, and a thick froth has risen, — 
which must he prevented from rminiiig over by stirring— the mass, which is then 
lemon-coloured and viscid, is kept, together with the surrounding nitric acid liquid, at 
the boiling heat, with frequent addition of fresh acid, till (m 6 or 6 hours) it is com- 
pletely dissoli ed , after which the dark red-hrown solution is oi aporated nearly to a syrup 
and mixed w itli a smah quantity of water. If it then gives a greasy reeinouE precipitate, 
it must bo boiled for a longer time with nitric acid , but if it gives a yellowish sandy 
precipitate, it must be c<irefully evaporated to a thick syrup to drive off the greater 
part of tho nitric acid ; then he.ited to tho boiling point with a tolerable large quantity 
of water , mixed with carbonate of potassium as long as effervescence ensues, but no 
longer (so a.s not to rcdissolve any undecomposed portion of the rosin which rises to 
the surface when the liquid is iientralised) ; strained through grey paper , evaporated ; 
and left to crjst.illiss. The mothcr-liqnor repeatedly evaporated and cooled yields an 
additional quantity of crystals of impure oxypicruta of potassium, till at last nitrate of 
potassium (but no oxalate) separates out. Tlie needle-shaped crystals, united in red- 
brown crusts and nodules, are freed from the niotlicr-liquor by dimming on bibulous 
paper, twice lecrystaUised from wntir, with addition of animal charcoal, and 
dissolved in tlio smallest possible quantity of boiling water , nitric acid is then added, 
and the oxjqiienc acid, which separates after complete cooling as a yellowish-wliito 
powder, or in fein-like laminae, is collected on a filter, washed several times with 
cold water, and after thorough diyiiig, rccrystallised from boiling absolute alcohol. 
This process yields 3 per cent, of oxypicrie acid. (Bottger and Will.) 

2. From commerclai ixtraai of Brasd wood . — ^The mode of preparation is similar to 
the preceding. 

3. From Ewxanihone or Euxanthto acid — ^These substances are boiled for some time 
with nitric acid of specific gravity 1 31 ; the solution evaporated over the water-bath, 
below 1 0 0° tow ards t he end ; tlie sparingly soluble oxypicrie acid separated from the oxnlie 
acid by repeated crystallisation, and dissolved in dilute carbonate of ammonium ; this 
solution saturated while warm with carbonate of ammonium, whereby the oxypicimta 
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of ammoniutn, ■vrliicli ia iiisoluMo in aqueous carbonate of ammonia, is made to 
crystallise in yellow fonr-snled prisms , those e^tiils, if too darlc-coloured, are purified 
by animal diarcoal ; and the oxypicric acid is sepainted from them by hydrochloric 

-i. From Feticcdantn — The oxypionc acid obtained by trn.iting pciicednniu with warm 
nitric acid, is mixed with pcitudi to free it. from tho oxalic and which is abiindnntly 
nnxod with ifc ; the oxyiiicmte of pobisMtim which cryst.vlUscs out is washed with cold 
water ; its solution in hot water i.< pi-eeipitated by a lead-salt , and the acid separated 
fioin tlio preeipitiito. (Eot ho, J. pr. Clieni. xlm 376.) 

Properties. — Oxypieric aeid crystallises in p'do yellow, regular, six-sided prisms 
rescnibling pyromorpbile; they grate between 1 ho teeth, melt when carefully heated, 
and solidify m tho radiated form on cooling It has a slightly rough taste, neither 
hitter nor sour, but reddens litmus strongly, and when dissolved in alcohol, 
colours the skin pertnanently yollowr. It dissolves, with yellow colour, in 104 pta. of 
water at 26° (Erdmann); in 88 pts at 62“ (Bottger and Will) It is easily 
soluble in alcohol and in ether, more easily in strong occtic ooiii than in water. It 
dissolves abundantly in .strong mtne acid, less freely in strong hjirochlono acid, and 
IS partially pecipitiiled from both acids by water in the form of powder. It gives a 
copious precipitate with gelatin. 

Seoomposittons. — 1 . Cixypierie acid heated somewhat above its melting point gives off 
inflammable vapours. When suddenly heated, it deflagr.ates hke gunpowder, with a 
bright yeEow flame, mostly bordered with orange-yellow, and leaves a residue of 
charcoal When gradually heatod, it gives off nitrous gas, nitrogen, carbonic 
anhydride, inflammable gas and water, and leaves vciy finoly-thvided charcoal , on 
red-hot iron it dcflagimtes with flame — 2. It is completely destroyed by boiling m'iro- 
hudrochlone acid, with formation of ox.ilie acid, whereas boiling concentrated nitric or 
hydrochloric acid alone has no action upon it. — 3. It is decomposed by boiling oil of 
vitriol. It IS not decomposed by boiling with excess of concentrated potash ; and 
when digested with lime and ferrous sulphate, does not form a rod liquid, as picric acid 
does, hilt n colourless liquid. — 4 It is not altered liy sulphydric acid, hut the light 
yellow mixture of tlio acid dissolved in alcohol with sidjihide of ainmontwn. im- 
mediately acquires a dark brown-red coloiu- when heated, and leaves on evaporation a 
black mass, containing, besides sidphnr and a small quantity of black powder, on 
ammonium-salt which may he dissolved out by water and. whoso acid resembles picric 
acid and oxypieric acid — 6 The hot aqueous acid dissolves ferrous sulphide with less 
evolution of sulphydric acid than might be expected. With nine or iron, it lilcewise 
gives off a less than proportionate quantity of hydrogen, forming gi’eenish-hrown solu- 
tions It does not act on cadmium, lead, copper or silver Its powder strewn on 
potassium (not on sodium) takes fire when slightly pressed with a pestle 

OxTOCiiiiras — Oxypieric acid easily decomposes carbonates It is dibasic, forming 
neutral and acid salts. Nearly all oxypierates detonate, when subjected to a gradually 
increasing heat (not by percussion), even morn violently than the piorates Erom tho 
aqueous solutions of the heavy metallic salts of this acid, animal charcoal removes tho 
whole of the oxide, especially from the stTOhniites of mang.inese, lead, nickel and copper 
salts. (Bottger and Will, Rothe ) 

Ammonium-salts a. yntiial C"H(NH'*)’(N0“)®0“ — The aqueous acid neu- 

tralised with ammoiiin mid then saturated, while warm, with solid carbonate of 
ammonium, which diminishes the solubility of oxypicratc of ammoumm in water, yields 
largo omiige-yellow needles which detonate slightly when heated and dissolve in 
water more readily than the arid salt (Bottger and Will). The crystals are raono- 
cliiiie, eihihitiiig tho eomhiimtion ooP [c»Pai'| ospoo . [?»■] — P. +P — Pco 
Ratio of principal .ixis, elinodingonal and orthodiiigomil=l 1'6609 2 000. Angle of 
inclmedaxos = 78°62’ Angle c " ^ i _ 1040 


carbonate of ainmouiniu, adding tne oener nait, men evaponiniig ana coomig. A com- 
paratively dilute solution yields large, light-yellow, flat needles, and a solution more coii- 
centmteil by evaporation yields capillary iiitcriacod needles, which detonate very slightly. 

The banum-salt, C“HBa"(N0“)>0= 2H-0. is very soluble, and crystallises m 
orange-coloured very shortened neeiRcs, which give off half their w'ater at 100°. 

The cadmium-salt Vi dehqueseent 

The c«fotKm-soit, 2C*'HGa"(N0“)’0’.7H'0? is olsovery soluble, and cvystolliaes 
in nodules which give off 10'22 per cent (2 at.) water at 100°. 

’She cohalt-salt forms hght-browu very aolublo needles. The ammomo-cohalious 
salt forma brown-yellow needles , the ‘potamo-enhaltous salt, hard brown nodules. 

The cupric salt, OTICu"(N0'-)''O® H-0, is obtained in light yellow needles by 
leaving a solution of eupno carbonato in oxypieric acid to evaporate. The 'ammomo- 
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ci'prw salt is obtained in brown, inodcriitDly solnble trielinie cq'stals, by dissolving 
eupvie carbonate m a satmated SoUitnm ot oxypierato of ammonium Tho pniassio- 
citpria salt, C'-H-K-Cu'’(N0=)''0b'tH-0 ? pioparod in bko manner, forms tufts of brown 
noi'dles ivliicb detonato with great violence when heated. 

Irau-saits — Tlie flltrate olitamcd by precipitating the barium-salt with /errows 
siiljil/aie, slowlj yields bUck-groon crystals which dissolve readily and pass to a higher 
8t.ll 0 of oxidation. Tho amnlonium-salt mixed with iron alum forms yellow needles of 
fir: to ovi/picratc 

head -salt . — Tho neutral salt Ims not been obtained. A solution of neutral lead 
acetatomixodwitli oxypicrie acnlformsabglit yellow flocenlent precipitate eonsistmg of 
a Imsio salt, C‘-n'Pb"{N0^)”0b2Pb"0.3H-O. It is insoluble in water, and when diy 
detoimtes by mero pressure. 

Tho niaijnesium-sali is very soluble and difficult to crystahiso. 

Tho manffanesc-salti& ohtmnedhyprecipitatmgthe harium-salt with manganous 
snlpliatP, ami eiapor.ating in light yellow rhombic tiblets, which when heated molt in 
their water of crystaUisation and turn rod. It gives off 22'08 per cent, water (10 at.) 
at 100°. 

’X\\B mckcl-salt crystallises with difficulty in light yellow, very soluble needles. 
The mcM-potassium salt forma brown crystalliuo ornats. 

Totasstum-salis — ^The neutral salt, C"HK“(K0“)’0’, fornis tlun, truncated 
orange-yellow needles, sparingly solnhlo in w.iter. Potash added in excess to tho 
aqucou.s uoid tiuws down this salt in the form of a crj’staUino powder The acid-salt, 
C“H-K(N0')=0“.H’0, obtained by saturating half of a given quantity of oiypionc acid 
with earhoiiatu of potassium, and then nddiiig the other half, crystallises in fight yellow 
eapilhiry needles, winch give off their water of cryst.illisatioii at 100°. 

Silver-salt, C"irAg-(NO')“0“ The solntioii of o.irbon.ito of .silver in tho aqueous 
aenl at C0°, or tho nuxtnra of tho potasaiiin-s.ilt with a iiiodcvately strong solution of 
nifr.itp of silver prepared at 00°, yield-s, when somewhat quickly cooled, light yellow, 
flat needles, three inches long, or by slow cooling, lanuiiie which dissolve sparingly in 
water, and from whose solution the silver is reduced on boiling, with decomposition of 
the aoid. • 

Sodi im-salts.—lhonnitralsalt, 2C'HNa^(liO')°0= .OffO (?), co'stidhsosin smidl 
light yellow needles, very soluble in water, and giving off the whole of their crystalhsa- 
tion-water at 100° The acid-salt has not been obtained in the crystalline state. 

The strontium-salt, C”HSif'(NOYO*2H-0, is much more soluble than the 
barium-salt, hut orystalhscs leiy easily from a moderatelv enucontrated solutiou in 
very large nodules composed of long light yellow needles, which give off 7 02 per cent, 
water at 100°. 

OX'S'FIHI'rAIXKriC ACXB. C’<H">0”.— An acid said by Kawahor (Wien. 
Acad Bcr xi. 354) to occur about Cluistiiias lu the needles ot tlio Scotch fir (Pmus 
splvestm). To extract it, the conimiirated needles are exhausted with boiling alcohol 
of 40 per cent. , tho alcohol is distilled off, and the residue ta mixed with water, 
which throws down a green mass of rosin, while tho supernatant liqiud retains in 
solution pinipierm sugar, oxypmit.iiiiiie acid, pinitaiinic acid and traces of eitrie acid. 
This liquid may he rendered flltrahlo by addition of afew drops of neutral load-aeetato; 
and on mixing tho flltrate with an oxeess of that re.agent, oxypmitaniinfo of lead is 
precipitated. This precipitate is thentobe digestedwith dilute acetic aoid, tlioflltnito 
precipitated by basic lead-acetate, which throws down pm’e oxypinit.aiinate of lead ; tho 
washed preeipit.ite decomposed by sulphydne acid , and tho flltruto evaporated over the 
water-bath. 

Oxypinitannie acid is a brownish inodorous pow'der hanng a veiy astnngont taste, 
easily soluble in water The solution is coloured yellow by ammonia, forms with 
baryta-water a yellow liquid winch deposits red flocks when heated , is coloured green 
by A me ehlonde; iiml forms a greenish-brown preeipitiito with cupric siupkatr and a 
small quantity of ammonia. It is not precipitated by tartiir-enietie oi iiitmto of silver. 
IVlieii supersaturated with ammonia, it rpuekly absorbs oxygen irom the .ur and 
acquires a brown colour By boiling with hi/drocManc acid, it acquires tho colour of 
e.irmiue \Micn boiled with dilute sulphuric acid it deposits a red powder, hut does 
not yield sugar. Tlie ainmonium-siUt mixed with silvtr-nitrate, becomes turbid and 
deposits nietalho silver when heated. 

oatTPROTBIIg. Sec PnOTEiN. 

OXVPYROKIC ACID. C’H'»0®? (Arppe, Ann Ch. Pharm. xcv 242)— An 
aoid said to he produced simultaneously with succinic acid by the action of nitric acid 
on seb.icic iieirL It crystallises sometimes in ciilom’icss lainmu!. sonietime.s in spherical 
masses , dissolves iii 42 pts of water at 20°, much more easilj m hoiUiig water, melts 
at 1-30°, and decomposes at higher temperatiires. It g.iio by .iu.il}sis 47 7 to 48’1 per 



OXYQUININE. 

ig 47 7 carlion and 6'8' 
ormiuti C'H'“A^O* reqninng 

“ later ooinmunioat!on^(Ann. Cli!^PkMm"eCT 
143) states that the aoid obtained as above easily pusses from the granular into the 
laminar form, that the composition of Uio granular acid agrees best with the formula 
of piinelic acid, but the laminar iieid has the composition 
oXTTQiriNriwil. A coniponnd formed by boiling sulphate ofnmninowith nitrite 
of potassium. Nitrogen gas is then evohed, and the Hquid when cold, yields with 
ammonia a white ciystallo-granulor precipitntc, the alcoholie solution of which leav™ 
on evaporation a transparent amorphous residue, quickly becoming crystalUno in contact 
with water The crystalline grannies rack at 100° in their water of crystalbsutioii 
give It off at 130° and are converted into a colourless transparent mass, which remains 
solid at 1400, and eonU ins C«H«N=0» = qninino + 1 at oxygen It is in^So in 

Smpt“end 8 iY ® (S^liutzenbergor! 

OXYBROPHOirB (from po0tirav, to absorb). A name applied by Dobereiner 
to platinum-black, because, according to his observations, it absorbs oxygen from the 
air and not nitrogen. 

(Lnutomann, Ann. Ch. Pharm cvt 
299 ; Jahroab 1862, p. 397.)— This acid, metameric with carbohydroquinonio(iii '214) 
hypogalhc and protoeateehuic acids, is produced by boiling a solution of mono' 
lodosalioybo aeid in enustio potash. When the reaction is completed h. e. when a 
drop of the hqmd mixed mth hydrochloric acid no longer gives a precipitate of 
lodosahoyho acid) the liquid is to be slightly supersaturated with hydroohlorio acid 
and filtered when cold; and the filtrate aliaken up with ether, which takes up nothing 
but oxysahcylie acid, and leaves it on evaporation as a brown crystalline mass. The 
acid 13 piirified hy treatuig its solution with acetate of lead and sdphydric aeid 
Oxys,dicylic acid forms highijr lustrous needles easily soluble in mter, ahohol and 
ether. The aqueous solution mixed with ferrw Monde acquires a deep blue oolom 
changing to a splendid violet on addition of acid carbonate of sodium The orvetaUised 
. it Melts at 193° and is resolved between 210° 
hytoquLra*^ carbome anhydi ide and oxyphenic acid CffO®, together with its isomer 

alkaline earth-metals 

turn brown and decompose when their aqueous solutions are exposed to the air The 
acid, in contact with alkahs, instantly becomes reddish, and soon afterwards brown 
Dloxysaltoyllo or OiUHo Acid, C'H*0» is produced in like manner by the action 
of boiling potash on di-iodosalieylic acid (ii 760), but a considerable portion of the 
S “ converted during the process into pyi'ogaUic aeid, the potash 

acting upon It under these circnmstaueesm the same manner as a high tompeMturc. 
I)i-iodosahoyhc acid heated for six hours to 150° in a sealed tube with excess Sf pot^ 
Slum carbonate, yields a mixture of salicylic, oxysaheyhe, and dioxysalieylio acids 

a' oxjrgcn-aeids, or oxides in which the hydrogen of the tvne 

«H»0 IS replaced, partly by aeid, partly by basylons radicles (See Saits.) ^ 
OXYSTBTCBiariHES. (Sohhtzonhergor, Compt rend, xlvii 79.)— Com- 
Miinds produced by the oxidation of strychnine When sulphate of sfrvclmine is 
boiled vrith nitnte of potassium in aqueous solution, nitrogen m abundantly eyolvei 
and the liquid, on addition of ammonia, yields a light yellow flocculent substance which 
crystallises from alcohol in transparent orange-yellow crystals, apparently having the 
0uH4^n. “ and eouiisting of oxystrychfine! 

A ^ ° T C''H“N-0» (strychnine) + 3H'0 + 0. The mother-liquor on 
further COTcentration depomts darker coloured orange-red prisms of dioxystrveh- 
nine O-H-NO = + 3H»0 + 0». Both compounds are^inso^uble 

111 water and in ether contain no water of crystallisation, decompose at 300°, and have 
a bitter but not so strong ns that of strychnine, 

OXTSUKPKIBBS. Compoimds of oxides and sulphides, or sulphides in which 
the sulphur IS pai% replaced by oxygen Many metaUic oxyaulplndes occur us 
nataral minerals, red antimony or kermesome for example; many others are formed 
artificially, as antimomal aromis or saffron (i. 328). imimu 

OXYari.PHOOA»BOKIc BTHBBS. See Solphooaubonio Ethers. 

POTASSIUM. SeeCYAHIDESOR 



OXYSYLYIC ACID— OXYTOLUAMIC ACID. 


m 


OXYSTIVIC ACIB. C™H?'’0* ? — A viscid substaceo obtained by oxidation o( 
Bjlvie acid (g. v,). 

H’ 

OXTrrBBEPHTHAI.a»IIC JACXD. C»H'NO» (G»H<0)"^q. (Do La 

Ji,uo and Miiller, Proc Key. Soc xi 112; Jahresb. 1861, p. 426.) — Produced by the 
action of redncuig agents on lutrotorephthalie acid It crystalUaes ui thin prisms or 
moss-liko nggrcg.itions of Icmon-yeUow colour. It is apatmgly soluble in cold water, 
nleobol, ether and cHoroform, and like rta analogues, glycoflamio acid, &c., nnitea 
both with bases and with acids. 

The oxi/tenpliihalamatcs are crystsllisablo and easily soluble in water and in alcohol, 
foTOtng strongly fluorescent solutions , the compounds of oxyterephtlmlamic acid with 
acids nrn likewise erystalbsablo, but aro decomposed by a large quantity of water , tbo 
acid solutions are not fluorescent. 

The dhirs of o.'iytcrepbtbalamic acid are obtained by reduction of the nitrotereph- 
tlialic ethers The titcihylto ether is crystallmo and soluble lu warm alcohol , tbo 
eihi/lic ether forms large oi^staLs resembling uranic nitrate, and forming a strongly 
fluorescent solution 

By tbo action of nitrous acid on oxyterepbthalamie acid in cdcobolic solution, a num- 
ber of compounds .ire formed analogous to those which G-ricss obtained from oxybsn- 
zamio acid (p. 292). 

OXYTBB.EPKTEA.XiXC ACIE, G'H'*0*, IB produced, with copious eyolutiou of 
nittogen, by tbo action of nitrous acid , -I Tbo salts aro 

erystallisablc, and less soluble than tbo i The neutral 

ethers are liquid ; so also is tbo chloride • • . . isily soluble in 

water and in idcohol (De LaEue and jinuior.; 


OXTTOEIC ACID. G’H“0*, (Fittig, Ann Gb. Pbarm. cxx. 066 )— An acid, 
isomeric with salioj lie and oxybciuoio acids, ami perhaps also withnmpebo acid (i. 201). 
It is produced by the oxidation of toluene (hydride of benzyl, i. 573). Wlien toUione 
(boiluig between 108° and 113°) is boiled for four or fire days with a mixture of 1 pt 
eoimnercial nitric acid and 2 pts. water, a ctysUlliue mixture of acids is obtained which 
me somewhat difficult to separate. On repeatedly treating the cryatalliue mass wliioli 
cemains after the distiUatiou of the unaltered toluene and the nitrotoluene with a 
small quantity of hot water, so that about a fourth p.irt shall remain uudissolvcd, and 
leaving the solution to cool, oxytolic acid crystallises out, .lud may be purified by dis- 
tillation, conversion into a oalc’uim-salt, and repeated crystallisation of the latter, till 
the acid separated from it melts constantly at 180° 

The mother-liquor of the oxytolatoofc.ileinm yielded a c.ilcium-salt, the acidof wbiclt 
appeared to be impure benzoic acid. The less soluble portion of the product of tlie 
oxidation above described cont.imed an acid whieli exhibited nearly the composition 
but it did not melt at a constant temperature, and still contained nitrogen; 
whence Fittig concludes that tt consisted of oxytohe acid contaminated with a nitro- 
compound. 

Oxytolio acid is sparingly soluble in cold water, but dissoUos more freely in hot 
water and in alcohol It crystallises from water in colourless needles, melts at 180°, 
solidifies at 177°, sublimes below its melting point and distils iiiidecomposed .vt higher 
temperatures. The vapour, both of the dry aeid and of the aqueous solutiou, excites 
coughing, like benzoic acid 

Oxytohe acid is monobasic The potassium-salt, C'H*IIO“, is very soluble in water, 
and erystaUises from alcohol in smuU. needles The sodium-salt is precipitated as a 
jelly from its aqueous solution by alcohol The hanum-salt, gives off its 

water of eiystallisation (amount not determined) over oil of vitriol, tbo calcium-stilt, 
C'^H“Ca"0“.3H''0, crystallises in needles soluble in water andin alcohol. The sifocr-sa/i, 
C’H’AgO®, is a white precipitate which dissolves in hot water, and crystallises there- 
from in needles. Iron, copper, and lead-salts aro likewise obtauiod by precipitation with 
oxytolate of ammonium 

The reactions of oxytolio acid resemble those of Laurent’s ampelic acid more than 
those of either of its other isomers (i. 201). 

H’ )N 

OXirTOEUAiaiC acid. G»H“N0’ = (G'^OyAo or Amidotoluic acid, 

H ) 

C*H’(l>rH*)0’' ; also, but improperly, called ToiKawifcawd (Cahonrs,Ann. Ch Pbnmi. 
evil. 147 ) — Obtained by reduction of mtrotoluie acid with sulphide of aiumomura, just 
as its bomologue, oxybenzamie acid (p. 290), is obtmned finm nitrobenzoie acid It unites 
with acids, forming crystaUiSablo compounds resembling those of oxybenzamie acid 



OYSTERS— OZOCERITE. 


The lajArochUrafe^ CWNO*. HOI, erystalhses in small nacreous needles ; tlie cUoro- 
plntinate, (C“H"IfO“)“.H-CI-.Pt‘'Cl’, in red-liroira needles 

Siasotohtyl-oxyioliiannc aoid, C>“H‘’N^O^ . JH-’O = C*H*N’0^ C“H"N 0“ . jH-O, is pre- 
pared hy heating oitytoliianuo acid with nitrons ether to 30°, just ns the eorrebponding 
Lenroie eompoiiiid is obtained from oxybenznmie acid (p 292) It forms yelloir niicro- 
sropic prisms, insoluble in water, alcohol, iiiid ether , acids dissolve and decomposo it, 
alkalis dissolve it unaltered. Ita reactions ore precisely analogous to those of diazo- 
benzo-oxybenz.unic acid 

TliepotesiKiii-, sodium-, and ammornmn-salts of this acid form easily soluble crystal- 
line masses ; the latter easily decomposes when its aqueous solution is boiled. Tlie 
barium-salt is .i yellowioh precipitate, insoluble m water and in alcohol The stiver- 
salt is a white gelatinous precipitate. (Griess, Ann CE Pharm, cxviL 69.) 

OYSTERS. The body of the oyster consists raamly, according to Mulder, of an 
nlbumiuoidal or protein substance, which coagulates at 90°, and is then soluble m 
strong acetic acid. Oysters contain 0'6 per cent, of salts. 

Dried oyster-shells contain, according to Buchholz and Brandes, 9-8 per cent 
calcic carbonate, 1’2 calcic phosphate, 0 6 albuminous substance, and 0 2 alunima (?). 
According to a more recent investigation by Sohlossb erg or (Ajin Ch Pharm xcviu. 
99), oyster-shells consist of three anatomically distinct layers 1. An inner layer, the 
so-called mother-of pearl, smooth, shining, and semi-transparent Carpenter's sub- 
nacreous substance.*— -'t. The brown, hard scales, forming the outer edges of the successive 
lammic of which the upper shell is composed, these laminse being placed one over the 
other, like tiles on a roof. Carpenter’s prismatic cclhdar substance. — 8. A white, duU, 
opaque, friable substance, called by Schlossborger the chalky layer, interposed here and 
there between the lamime of the shell These three layers wore found to contain : 



Carbonate of caleiivm . . . . 94 7 98 3 89T SS'O 

Organic matter .... 2‘2 0'8 63 4'7 

Other salts (and loss) . . . . 3 1 0 8 4 6 6'7 

Tho salts contain small quantities of phosphoric acid and alkahs, with traces of 
silica and sulphniic acid. 

The organic .substance which remains on treating the shells with dilute sulphunoaoid 
consists mainly of brown films, which are insoluble in hot water, even under increased 
pressure, dissolve gradually with aid of heat, in concentrated mineral acids, but only 
partially in potash-ley of 60 per cent The portion insoluble in potash contains 80 7 
per cent, carbon, 0'5 hydrogen, and 16 7 nitrogen, and is therefore smiilar in composition 
to Pr^in/s conchiolm (i 1107), and is distinguished from chitin (i. 874) hy its large 
amount of nitrogen (Schlossberger.) 

Oyster water. Thewaterwithintheshelloftheoysterisnot simply sea-water, but is 
distinguisbedfrom itby contomingless salts and more organic matter When shaken up 
with ether, It deposits an albuminous substance containing 8'76per cent, nih'ogen This 
albuminous matter amounts to 0 0056 of the liquid, which is composed of 95 888 pts. 
water, 3’022 salts, 0-660 azotised matter, 0'629 non-azotised matter = 100) 'The 
weight of liquid in the oyster is neiu-ly equal to that of the flesh ; it probably contributes 
to alimentation A dozen oysters weighing 1 482 were found to he composed of 1 209 
shell, 0112 flesh, and 0'102 liquid On caloiilatmg tho quantity of alimentary matter 
equivalent to the nitrogen, it is found that a dozen oysters contain a quantity of 
azolisod matter equal to about one-toiith of the ration (? dady) of a man. (Payen, 
Bulk Soc. Chim. ii. 236.) 

OZARKITE. An amorphous or fibrous variety of Thomsomte from the Ozark 
mountains, Arkansas, where it occurs with eheolite ; often also mixed with apatite (see 
Thomsonitb). 

OZOCERITE or OZOKERITE. A fossil resin discovered hy Meyer in a eand- 
tone in Moldavia, in the vicinity of coal and rock-salt It also occurs at Greston 
near Gaming in Austria, and at Truskawicsz in Galicia ; also at tho TJrpeth eolhery, 
Newcasfle-on-Tyue It is like a resinous wax in consistence and transluconcy, some- 
times with a foliated structure. Its colour is brown or brownish-yellow by transmitted 
light, leek-green by reflected light. Odour pleasantly aromatic, Specifle gravity 
= 0'94— 0 97. Melts at 62° (Sehrdtter), at 84° according to Molaguti, hmis at 
210° (Schrotter), at 300° (Malaguti) According to Johnston, the TJrpeth variety 
melts at 60° and boils at 121°. It distils without decomposition, is not altered hy 
ptroiig acids, and very Httlo by hot concentrated alcohol Tho Moldavian variety dis- 
solves but slightly in ether, whereas the Urpeth variety dissolves in ether to the 


Cyclopedia of Anatomy, art. Shell. 



OZONE— PACHNOLITE. 


323 


amount of fovn-SftliB, aud beiiariites on evaporation in brown flocks which me.t iit 38'0° 
to a yellowish-brown liqiud. Threa or four substances ore sapposed to be hers 
included. The composition of ozocerite is ds follows ; 

Moldavia. Urpeth, 

Mnlnsutl. Schruttrr. Johnston. 

Carbon 85-75 86-20 86 80 

Hydrogen 16-16 13-70 11- 06 

100-90 99 99 100-88 

It is decomposed by dry distillation, yielding, according to Malguti, 10-34 per cent, 
gas, 74-01 oily matter, 12-fiS crystaUiue subsbmco, and 3-10 carbonaceous residue. 
(Gerh. iv. 399 Dana, li. 474.) 

Bertolio (Jaliresb 1860,^ 797) examined a fossil resin sent from Rio Janeiro ns 
ozocerite, but of unkuown origin It was yellow, sinning, greasy to the touch, of the 
hardness of talc, with a conohoidid fructin-e Specific gravity 0-98. It molted at 85°, 
.ind boiled at 245°, turning brown aud emitting a fatty odour. It dissolved in hot 
alcohol and separated on cooling as a white powder composed of laininm Gave by 
analysis 60 5 to 70 2 pet cent, carbon and 122 hydrogen, approximating to the com- 
position of mouomargarin or monoatearin. 
ozonril. Sob OxYom (p 299). 

OZOK E-H-S-BROG-BN-. According to Osann, hydrogen evolved by electrolysis 
from water acidulated with sulphuric acid, possesses stronger reducing properties than 
orduiary hydrogen, iniisnnieh as a pioco of colto or spongy platinum immersed in tbo 
gas thus obtained, or used as the negative pole in the circuit in which tho acidulated 
water is decomposed, acquires the power of reducing sUvor from a solution of the sul- 
phate, and of producing a blue colour in a solutTon of feme chlorido mixed with 
farrioyujudo of potnssiiiin. hence he callsit ozone-hydrogen. According to later 
experiments, however, it .ippears that to obtain tbis active hydrogen it is iiecoasaty to 
nso a recently prepared mixture of water and fuming sulphiu-ic acid. (Sea Jahresb. 
1853, p 316, 1861, p. 286, ia56,p 202; 1866, p. 273; 1867, p. 81; 1868, p. 64) 
OZOM'B-'W'B.TER. An aqueous solution of ozone, which, according to Meissner 
(.Talireab. 1862, p 130), exhibits in certam cases an action opposed to that of peroxide 
of hydrogen, preventing the separation of iodine from iodide of potassium by peroxide 
of hydrogen and dilute acids, or by nitrate or lodate of potassium with acids When 
this solution 18 shaken up with peroxide of bannm, a violent eiolution of oxygen takes 
place, and the filtrate no longer exhibits the reactions of o-zone Meissner regards ozone- 
water as water combined with negative oxygen or ozone ; peroxide of hydrogen as water 
combined with positive oxygon or astozone. 


P. 

PACHUEIiO. The bark of the Pachnelo tree of Bogota contains bcrberine. 
(Perrins.) 

PACHNOIiXTB (from wdxrv, rime). (A, Knop, Ann. Gh. Pharm. cxivii. 61. 
— G V Rath, Pogg. Ann. oxix 281.) — A fluoride of aluminium, calcium aud sodium, 
occurring on Greenland cryolite, as an efflorescence of small, slmiing, colourless 
transparent crystals lining the cavities of the cryolite, or in larger crystals of rect- 
angular paralli-lopipedal form on the surface. The smaller crystals aro rhombie 
combinations ooP P oP (Knop), also with tho face §P (v. Rath). The inehnations 
of the faces are as follows ; 


r Bath Knop. 

»P - aP 81° 28' 81° 24' 

P : ®P 156° 0' 164° 10' 

P : P in the maorodiagonal terminal edge . . 92° 23' 93° 68' 

„ in tho brachydiagonal terminal edge . . 108° 49' 108° 8' 

„ in the basal edge 132° O' 128° 20' 

I P : I P in the macrodiagonal terminal edge , 86° 60' 

„ „ in the braohydiagonul terminal edge , 102° 23' 

„ „ in the basal edge .... 147° 20' 


According to Knop’s measurements, the ratio of the axes a. i: c is 0-8601 : 1 : 1-3469. 
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TUa mineral when slowly heated gives off aqueous vapour without acid reaction ; but 
when quickly heated, it emits white acid vapours which condense pn the sides of the 
glass tube and can no longer be volatilised, the residue melts easily to a translucent 
enamel. The sublimate is insoluble in water, but dissolves cosily in hydrochloric acid, 
giving the reactions of alumina. The mineral dissolves easily in sulphurio acid with 
evolution of hydrofluoric acid. 

It gave by analysis^ ^ ^ ^ 

13-14 12 16 17 26 60 79 9 60 = 102 94 (Knop). 

13 20 12-06 18 06 undet. 9 36 (v Eath) 

From those numbers Knop deduces the formula F12A1"'F’2H=0, which is 

that of a hydrated cryolite having g of the sodinm replaced hy calcium ; this formula 
requires 12-29 per cent. Al, 12 38 Na, 17-26 Ca, 81-12 F, and 8 07 H-0. v. Bath gives 
a formula in which two-thirds of the sodium of cryolite is replaced hy calcium, and 
half tlio fluoride of aluminium by alumina j but he <hd not determine the fluorine. 

PACKFOirO or PACKTOlfO. Chinese nickel-silver (see Coppeb, Aiioys ok, 
li. 51). 

PJBON'IN'. A red colouring matter obtained from phenybe alcohol hy the action 
of sulphiu-io and oxaUo acids. Kolbe and Schmitt (Ann Ch Pharm exbc. 109), ly 
heating IJ pt phenyhc alcohol (coal-tar creosote) with 1 pt. oxalic and 2 pts strong 
sulphm-ic acid to 140° — 160°, for four or five hoims, ohtanied a dark hrown-red mass, 
which after being freed from phenyl-sulphnrio acid hy boiling with water, sohdified to 
a brittle resinous substance. This suhstanee dissolves tvith splendid purple-red colour 
in ammonia and potash-ley, and sepaintes on neutralisation in orango-eoloui-ed flocks, 
having when dry a splendid orange-red colour, like that of precipitated alizaria It 
melts at 80°, and then gives off phenylic alcohol, loses its colour when treated with 
Bodium-amalgum or irith iron-fllings and acetic acid, but is stable in combination with 
alkalis It gives by analysis numbers agreeing -with the fominlii C'H^O, and is re- 
garded by Kolbe and Schmitt as probably related to rosohe acid. 

Guinon, Mamas and Bonnet (E4p Chim. app. iv. 450) prepare this red resinous 
colouring matter (which they designate as piomne instable) by hsatmg 10 pts. phenylio 
aleobol with 4 to 8 pts oxalic acid and 3 to 6 pts sulpburic acid, and boiling -with water 
ns above; then heat it with 2| pts aqueous ammonia to 160° in a closed motalbe vessel 
for three hours , and from the resulting solution, by a process not further described, they 
obtain the colouring matter in a form in which it withstands the action of acids (pbomne 
stable). By heatmg 6 pts. of this product with 8 to 8 pts. of aniline for sevorid honis, 
they further obtain a bine colonring matter (axtilin), insoluble in water, but soluble in 
alcohol and in ether. 

FACODITE. Syn. with Agaimatolitd. 

FAISBEROITB. Syn. with KHonom-m. 

FAKOE KIDAN-C. Syu with CtBO-nuM CuMmou (i 962). 
FAEJCO-CR-s-STAES. A term appbed by Eaidmger to the original miuerals 
frrom which paramoi-plis or pseudomorphs are formed thus augite which has been 
altered to eteatito, serpentine, &c., is cuUod palao-augite, the mineral resulting from 
the alteration being the psaudomorpb 

P AE AGOnriFE. An amorphous muieral which, according to Bunsen and Sartorms 
V. Waltershausen, is an essential constituent of the voleanio formations of Iceland and 
Sicily. It has generally a brown or yellow colour and a vitreous or greasy lustre ; hard- 
ness 4 to 5 ; specific gravity = 2 4 to 2-7. It gives off water when heated, melts 
easily before the hlowpipo to a black magnetic lead, and is easily decomposed and 
gelatinised by hydi-ocnlorie acid. It is however always mixed with a number of 
minerals, chiefly aiigite and felspar, which are not acted upon by acids , in the 
foUowmg analyses these foreign minerals are deducted The analyses of Sicilian 
palagonite are by V Waltershausen (Fii/ianiscAe Gestnne,'g, 179). those of the 
Icelandic mineral are by Bunsen (Ann. Ch. Pharm Ixi. 266) 
a From Tal di Koto, Palagoma —i Black palagonite tufa fr-omMilitello. — o. From 

Aei CastoUo —d. From TroUkonugil on Hekla.— e. FromKi-isuvik •/. From SudafeU : 

palagomto tufa.— j-. From th" Galapagos islands : rock forming a crater (Bunsen). — 
It. Irom Hof Beselieh near Limburg (F. Sandberger, J. pr Ohem. xlvii. 403),— 
t Black mineral analogoos in composition to palagonite, irom Honnof in the Sieben* 
gebu'ge (Waokernagel, Eammlsber^s Mtneralohemie, p. 868). 
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Silica . 38’69 

Alumina . 13 61 

l^ernc oxide 14 51 

IViTouB oxide . . 

Lime . . 8 '38 

Magnesia . 6‘13 

Soda . . 1'07 

Potash , 1'35 

Water . . 16 26 

Phosphoric anhyd ride 
100 


i. e. d e. 

41 37 38'97 40-74 40 30 
11 32 7-80 8-42 14-46 

16-64 21-01 18 00 14-60 

1-80 

9 03 6-31 8 75 6-88 

7 14 4-83 4-64 7-67 

1-01 7-23 0-62 1-82 

1-10 0-94 0-43 0-44 

11 69 15 91 18-60 13-60 
■ ■ ■ . ■ ■ 0-44 

100 100 100 100 


/. g. h. 

4146 36 96 48-96 41-63 
10-90 11-66 9-94 18-72 

1812 10-71 10 64 2 36 

7-83 

8-66 7-95 4-98 1-07 

4-80 6 27 3-04 6-23 

0 64 0-66 1-04 2 61t 

0--t0 0 77 0 82 

14 49* 26 24 20 68 20-71 


99-36 100 100 100-08 


These analytical results cannot ho included under any general formula ; they shovr 
indeed that palagonito is either a mixture or a compound contaminated with foreign 
substances. Bunsen has suggested for the greater number of pulngonites the formula 
3(M“0 SiO’).Al’Qh3SiQM0ii'O, whieh however does not agree exactly with auy 
indii idual analysis 

FAIiTCtORSKITB. A white asbestiform siheuto of apecific graTity 2-217 in the 
P.ihgonan mining district of the tJral. Contains, according to Scaffsclionkow, 62-18 
per cent silica, 18-32 alumina, 8 19 magnesia, 0 69 hnie, 12 04 combined water, and 
8 18 water given off at 100° (= 99-84) 

PAXiISATj-SBR -WOOS. A red dye-wood from Madagascar, the colouring 
m.vttcr of wliioli is affected by the air and by sob cuts, in the same manner as that of 
sandal-wood, but has leas of au orange tint and is less able to resist tha action of 
.ilkabs than the latter, being changed thereby to green, ohve-greeu and ' brown. 
(Arnaudou, Cimento, vm. 278.) 

PAlXiaBAMlMB. } 

PAMiAn-DiAMiNE. { PALtAnnjM-BASBS, Anmoniacai. 

FABBASABriXiAMCINE. } c t, 

PAM.ADBTaYI.AMrNE.( See PAiLAmUM-B^SES. OnOANlo. 

PAXXiASitTia. Aiomte weight 126 Sgmbol Pd. — A metal of the plntinum 
group, discovered by Wollaston in 1803 (^hil Trans 1804, p. 419), The oxide 
and many of the other compounds wore discovered und mvestigated by Berzelius 
(Pi^g. Ann, xiii. 464) 

Ocmirem — 1. Single grains of pure palladium, sometimes of octahedral form, are 
mixed mth the grains of platinnm from Bra-zil. Native palladium mixed xvith gold 
and scleiiide of load is also found at TiUcorode in the Harts — 2 Pallndium occurs m 
the platinum ore of Soutli Aiierica(amoimting to 1 pt. in 200 of the Peruvian oi-eh from 
St Domingo, and from the Ural — 3. It oconns, alloyed with gold, in nn auriferous 
s.vnd from Zacotinga and Coudonga in Brazil, mixed with specular iron ore • the pal- 
ladium in this ore amounts to 6 or 6 per cent. Also alloyed with gold and silver in 
the Oiy pudre of Porpez in South America, this mmei-al contiuus 10 per cent, of 
palladium. 

Ext! action 1. Prom platinum ore . — Tho ore is digested m nitromnriatio acid ; the 
acid solution decanted from the insoluble residue is neutralised; the pilatiuiim is pce- 
eipitated by sal-ammomae , and the pnlkdium is thrown down from the filtrate by 
cyanide of mercury as a white flocctileiit cyanide which yields metaUio palladium by 
calcination (See further (rmcltn's Bandbooh, vi. 266, 257, 261, 264, 267.) 

2. Piom the palladiferous gold of Brazil, Tho gold-dust is fused with au equal 
weight of silver and a certain quantity of nitre, whereby tha earthy matters and the 
greater part of the base metals ,iro removed in the form of sing , the alloy is then cast 
lu tho fonn of bars , the latter again fused in n black lead craeible, stirring constantly 
with nil equal weight of silver, so that the gold amounts to about oiie-fuutth of tho 
whole mixture. The alloy is then very finely granulated by pouring it through an iron 
sieve into water, the gninides are heated in a porecLiin hasin with nn equal quantity 
of nitric acid and an equal quantity of water, as long as any action goes on , tha liquid 
IS decanted, and the rcsidu.il gold i.s boiled for two hours with uqu.intity of pui-e lutrie 
acid equal to two-thirds of the gramilos used, after which it is washed with hot water, 
dried, and fused uito a button Prom tho resulting nitric acid sohilioiis, the silver is 
precipitated by common salt The remaining liquid being ti-aiisfeirod to wooden vessels, 
the pall.ichuni and copper are precipit.ated by zinc , the black powder is dissolved in 
nitric acid , the solution siipersatut.vtcd with ainmomn, which generally leaves uiidissolvcd 
a small quantity of platinum, iron, and lead , and the fllti-ato contdiiiing the pnlladinm 
and copper is soi-y slightly supersaturated with hydrochlonc acid, whereby the greater 
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part of the paUadium ia precipitated in the form of yellow ammoiua-protoeliloride, 
which is then w.iahed with cold water and converted into pure poUndium by ignition. 
The remainder of the palladinm and the whole of the copper may be precipitated from 
the hydrochloric aeid aolutiou by iron, (Johnson, J. pr, Chom. si. 309. — Cock.Plnl, 
Mug. [3] xxiii 1C , also Ann. Ch. Phnrni. xlis. 236 ) 

Ptopcrim . — ^Palladium is a white metal intermediate in colour and lustre between 
silver and platinum. As obtained by ignition from tlio cyanide or from eliloride of pal- 
ladium and ammonium, it forms a gi'oy spongy mass. Finely divided paUndinm 
floating on water appears blood-rod by transmitled light. Native palladium occurs in 
six-sidod tables, with distinct cleavage parallel to the terminal faces , white, with a 
strong Instro, of almost mieroscopie size, and attached to lotniniB of native gold 

Eose); ^oin minute octahedrons (Haidingerb The native palladium from 
Brazil exhibits a fibrous strocture, and may be theroby distinguished and separated 
from the grains of platinum with which it is mixed CWollaston). Specifio gravity of 
fused palladium, 11-Od at 18° (Cloud), 11 3 (Cock), from 11-3 to 11 8 (Wollaston), 
11-4 at 22-6° (Deville .ind Debray) , of liamVnered palladium, 11-8 (Cock), 11'852 
(lampadins), rather more than 12-0 CVauquolin), 12148 (Lowry), PaUadiura 
'is about as hard as platinum , ductile, but somewhat less so than platinum ; ond may 
be rolled out into tian leaves It is the most fusible of aE the metals of the platinum 
group, beginning to fuse at the strongest heat of a forge-fire, and melting perfectly 
befoie the oxyhydrogen blowpipe. When heated on lime in Deville’s furnaoo (p. 313) 
to the melting point of indium, it volatilises in green vapours which condense to a 
bistre-coloured dust of metal ond oxide. It oxidises at a lower temporatm’e than silver, 
and ia idways covered on the siufrice with a thin film of oxide. If it be freed frjm 
this coating by ignition m a roducing fiame, and held while still hot in a stream of 
mixed air and combustible gas, it continues to glow like platinum. If exposed to the 
air in the molted state it absorbs oxygen and spits hko silver, but the absorbed gas is 
not given off till 3U3t as tho metal begins to solidify, to that the mass, though very 
dense on tho surface, remains porous within. (Doville and Dobray ) 

Palladinm is very shgbtly attacked by concentrated hyiroolAorio or ml^Tmno acW, 
even at the boiling heat It dissolves in nitric mi without evolution of gas, but com- 
municates a brownish-red colour to tho liqiud, from formation of nitrous acid, It 
dissolves with facility in mticmunatic acid. Itssuifnce is blackened by tincture of 
iodine, which has no effect on platinum. 

PaEadium is sometimes used for making the divided scales of astronomical iustru- 
monta, for which it ia well adapted, being light, nearly as white as silver, and not 
blackened by sulphurous emanations. It is also used for making the smaller divisions 
of the grain or gramme. 

Palladium in most of its compounds is diatomic, as in the di-ehlonde Pd"0P, the 
di-iodide Pd’T®, the protoxide Pd'’0, &c. A tetrachloride ooours in certain double 
salts, and tho dioxide Pd”0’ is known in eombination witli water. 

I'AXiKADitTM, AMOYS OP. Palladium unites with most metals, but only a 
few of Its alloys are of any practical importance. With antimony and arsenic it 
forms brittle alloys, the combiuatiou in each case being attended with ignition 
(Pisolier.) 

Barium unites with it at tlie heat of the oiiyhydrogen blowpipe, forming a silver' 
white ahoy which gradually oxidises on the surface. (Olarke ) 

Equal parts of bismuth and poUadinm form a grey aUoy having tho hardness of 
steel. (Chenevix.) 

Copper and palladinm unite without incandescence; 4 pts. copper and 1 pk pal- 
ladium form a white dnetile alloy ; equal weights of the two metals yield a yellow- 
brown brittle alloy, harder than wrought iron, and when fused together before the 
an easily fusible aEoy of pale eoloiu', susceptible of a high 
, I . I ■ y the file (Clarke) PaUadium forms with copper an alloy 

► ' ■ composition to that which it forms with tin {vid inf), and 

obtained m a similar manner (D eville and Debray) 

With _gol^ paUadium forma several alloys, the combination always taking place 
without ignition. 1 pt palladium and 1 pt gold form a grey alloy having the colour 
of wrought iron, less ductalo than either of the component metals, and of coarse-grained 
fracture ; 1 pt. palladium and 4 pts. gold yield a white, hard, ductile alloy, an alloy of 
1 pt, palladium and 6 pts. gold is almost wlute. The native alloy of palladium, gold 
and Sliver from Porpez contaons 86‘98 per cent, gold, 9 86 paUaduim, and 4T7 silver. 
(Berzelius.) 

The alloy of palladium and iron is very brittle; but an aUoy of 1 pt. paUadium 
and 100 pts steel is well adapted for cutting instruments which require to be pi i- 
fectly smooth on tho edge, (Faraday and Stodart.) 
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With leati, palladiimi forms a grey, hard, brittle alloy, having a fine-grained fraeturo, 
and of speeilie gravity 12 0. The eomhnstion is attended with ignition. 

llespectiiig the meroury-coraponnds of palladium, see m 888. 

Nickel and palladium unite at the heat of the oxyhydrogen blowpipe, forming a 
highly lubtroiis, very nuiUouble alloy. (Clarke ) 

jinuiil p.irta of platinum and palladium unite at a temperature somewhat above 
the melting point of the latter, forming a grey alloy of specific gravity 16-141, as 
hard as wrought iron, less duetdo than the gold alloy. (Uhenevix.) 

Au alloy of 1 pt. silver and 9 pts. paUauium is used by dentists. 

All alloy of oq^ual pts pialliidium and tin is somewhat softer than wrought iron, and 
has a fine-grained texture (Oheuovii). When palladium is fused at a red heat with 
BIX times its weight of tm, and tha resulting mess is treated with hydrochloric acid, 
there remains an alloy having tha composition Pd^Sii*, crystallised in slender shining 
laminai Similar alloys of palladium with silver and with copper are obtained in like 
manner. (Deville and Dobray). t 

Palladium dissolves lu moltedzine, hut does not unite with it indefinite proportions;, 
on treatmg the resulting alloy with hydroclilorio ncid, pure palladium remains undis- 
sohed. (PaviUe and Debray ) 

FAIiKASIUIVI, BROnnsB OF. Palladium dissolved in a mixtnra of nitrid 
and hydrohromio acids, yields on evaporation a ehestnut-hrown mass insoluble in water, 
hut soluble in aqueous hydrohromic acid, and forming dark brown double salts with 
the bninudes of potassium, manganese and zme. (Bonsdorfif, Pogg. Aun. xix 347.) 

PAUASIUM, CARBISB OF. Palladium fused iu a crueihle filled with lamp- 
black becomes so brittle, that if struck with a hammer while red-hot, it falls to powder 
and gives off a white fume, llespeoting the formation of polladinm-carbldo in an 
aleohol-iitime, see below. 

FABX.ASXUM, CBX.OIUBEB OF. The diMonde or Talladmis cUonde. 
Pd"Ul( 18 prepared by dissolving palladium in hydrochloric acid to which a little nitric 
acid is added, and eiuporating the solution to diyness, to expel the excess of acid. The 
compound is a mass of a dark brown colour, which becomes black when made anhydrous 
by heal, and may ho fased la a glass vessel. When heated ui platinum vessels, it 
becomes contamiuatcd with the chloride of that metoL When dissolved with ehioride 
oj 'potasiium, it foims a double salt, KTd"Cl’, which is soluble in cold, imd considerably 
more so in hot water, and crystallises in foiu'-sided prisms of a dull yellow coloui'. 
Diohloride of palladium also forms double salts with the chlorides of ammonium, 
sodium, and several other metals 

The tetrachloride or 1‘aUadie chloride, Pd'’CP, is obtained in solution when 
the diohloride is dissolved m eoneentruted nitromuriatic acid, and the solution la only 
slightly heated Its solution is of so dork a colour ns to appo.ir bl.ack, and gives a led 
precipitate with chloride of potassium. When the solution is diluted or more strougly 
heated, clilorine gus is evolved, and dichlonde of palladium repiodueed. The double 
salt of this eUloi'ide ivudehlonde of potassium is obtained by treating potassio-pailadious 
ehloiide in fine powder with mtromuriatie acid, and evaporating the STiporiiatant liquid 
to dryness. It forms a oinnuhar-red powder, in which oetahedi.il ay stills c,in be per- 
ceived, both the palladic and palUdious double chlorides being isomorphous with the 
coriespuuding oomiiouuds of platinum. When ■treated with hot water, this double salt 
emits ohlui'ine, and is in a great measure decomposed. 

FABBABltria, CYANIDES OF. Palladium forms two cyanides analogous to 
the chlondea (see Cyanides, u, 260). 

FADBADITTM, OETECTIOIO’ AND ESTIMATION OF. 1. Seaciwns. 
— N early all palladium-compounds are decomposed by heat, leaving metallic palladium ; 
winch may be distinguished from platinum by its soluhihty in nitric acid, by its reae 
tion with tincture of iodine (p. 328), or by its behaviour lu nn aleohol-flaiue. If held 
in the inner flame of a spmt-lnmp, it unites with c.irhon, without first being heated to 
redness , and if then quickly removed &om tlie flame, it glows vvidly in the air till 
all the earbon is burnt away and pure palladium is left, this reaction is exhibited 
most conspicuously by fiuely-divided p^adium which has been closely compiressed ■ 
spongy platinum does not exhibit it at all. 

l^alladious saIJs are for the most part brown or red,, them taste is uatriugent, 
hut not metallic. The metal is precipitated &om the solutions of palladious salts by 
phosphorus, by aulphurum acid, by nitrite of potassium, by all the mitals which 
reduce silver, hyjoi mate of potassium, .lud by alcohol at a boiling heat. Sulphydno 
acid and sulphide of ammonium thiow down the brow u sulphide ot piUladnim, insoluble 
m the latter reagent. Uydt lodio acid aud ludidi of potassiiioi throw down a black 
precipiliito of loiSde ofpaUadinra, visible eventotheo00,0l)0tli degree of dilution. This 
reaction serves for the separation ot lodmo from brommo . lor iiikaJme bromides do not 
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precipitate palladious salts Potash or soda forms a brown precipitate of a basic salt, 
soluble, 'With the aid of boat, in excess of the reagent. Ammonia produces no precipitate 
in a solution of palladious nitrate ; but from a aolntion of the cblonde, it throws down 
a flesh-coloured precipitate of auimouio-chloride of palladium, soluble in excess ijf 
ammonia The carbonates of potassium and sodium form a brown precipitate of 
hydrated palhidious oxide. Carbonate of ammonium acts like ammonin. Phosphate 
of sodium forms a brown precipitate. Fcrroc^amdo mA ferriiyijantde of potassium form 
no precipitate, but the liquid after a while coagulates into a jelly. Ch/anide of nmeury 
throws down a white precipitate of cyanide of palladium Stannous Monde forms a 
black precipitate which dissolves with intense green colour in hydrochloric aeid. 
It'errovs sulphate precipitates pulladinm slowly from the nitrate, but not from the 
chloride. The reactions of palladitun with sul^hydrio acid, cyanide of mercury, and 
iodide of potassium taken together, serve to distinguish it from all other metals 

Palladio salts ana very unstable, being easily reduced to pailadions salts by heatj 
and by reduemg agents hence their reaetions are scarcely known. The dark brown 
solution of the tetrachloride is easily disliugnished from the similarly coloured solu- 
tions of tetrachloride of riatinuni or iridinm by its property of giving off chlorine 
when heated and leaving wie dichloride. 

Estimation and Separation of Palladium . — ^Tnlladium is always estimated 
in the metallic state. It is precipitated from its solutions in tlie form of cyanide by a 
solution of cyanide of mercury, the liqmd not containing any excess of acid. The 
precipitated oyamdo is then reduced to the metallic state by calcination 

Piilladium may he separated from nearly all other metals, either by precipitation 
with oynnido of mercury or with aulphydnc acid, or by the solubility ot its oxide in 
ammonia If however the solution contains alcohol, ^old, platinum and some other 
metals may be precipitated at the same time Palladium cannot be separated from 
platinum by uitae acid: for an alloy of palladium with a small quantity of platmma 
18 completely diBsolvod by that acid. 

To sepai'ate pafladium from copper, with which it is associated in platinum-ore, the 
two metals are pioeipitated together by snlphydric acid, and the nrecipitate, while 
still moist, is roasted, together with the platinum, as long as sulpWous anhydride 
continues to escape The metals are thereby converted into basic sulphates, which 
must be dissolved in hydrochloric acid, and the solution mixed with iiitno acid and 
chloride of potassium, and evaporated to dryness A dark saline mass is thus 
obtained, consisting of chloride of potussinm, chloride of copper and potassium, and 
chloride of palladium and potassium ; and on treatiiig this mass witli alcohol of speciflo 
gravity 0'833, the two former salts are dissolved and the double chloride of palladium 
and potassium remains (Borzelius), AccordiiigtoDobereiner, copper may he sepa- 
rated from paUathum by reducing the latter metal with an alkaline formate. 

Atomic Weight of Palladium . — ^Berzelius (Pogg. Ann xiii 436) determined the 
atomic weight of this metal in the same manner as that of iridium (m 321) by 
reduoing potassio-palladioiis chloride, 2K01,Pd"0P, in a current of hydrogen. As 
this salt cannot be dried without partial decomposition, the mixture of chloride of 
potassium and metallic palladium left after the ignition was weighed, ns was also the 
palladium left after dissolving out the chloride of potassium with water. In one 
experiment, 0 676 grm. palladium were obtained to 0'809 grm. potassium-chloride, 
in Mother, 0'S61 grm palladium to 1 192 potassinm-ohlonde If KOI = 74 6, 
the mean of these experiments gives Pd = 126 26 or nearly 126. 

FAIiXiADIunE, E<I1V0KXI>E: op. Pd'P’— Formed as a brown precipitate ou 
adding hydrofluoric acid to a conceutmted solution of palladious nitrate On evapo- 
ratmg to dryness, there remoius a brown earthy mass, only a small portion of which is 
dissolved by water. It is not altered by ignition, is sparingly soluble in bydrofluonc 
acid, and dissolves very slowly in eaustio ammonia, formuig a colourless liqmd, which 
may ho evaporated by heat, and ultimately deposits fluoride of palladium as a colour- 
less crystalline salt, which may be heated to 100° without decomposition, hut decom- 
poses at a higher temperature, leaving a groy-brown powder. 

Ammonw-;gaUadious fluondo is obtained us a brown radiate mass by dissolving pal- 
ladious fl.uoiide in boilmg aqu^us ammonia, and evaporating 

PciassiQ-pulladious Jluoridc is precipitated on mixing palladious nitrate with fluoride 
of potassium, as a light yellow powder sparingly soluble m water. 

Sodio-palladious Jluonde is obtained m like manner and possesses similar properties. 

PAIiKASIVni, lOSIDI! OP. Pd"P —Palladium-foil turns black when an alco- 
holic solution of iodine 13 evaporated to dryness upon A, this reaction distinguishes 
palladium fiom platinum, which remains bright when thus treated (Berzelius) 
Similarly, piilhidinm-foil heated in iodine vapour becomes covered with coloured Aims, 
and aftei wards tarns brown, the application of heat or treatment inth ammonia restores 
its brightness. Iodine heated in a glass tube with finely-divided palladium, combines 
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■faut imperfectly with it , and again, whan palladium-foil is boiled with iodine and water, 

01 ' 'Witli hydi'iodia acid and nitile acid, part of it remains unaltered (Lassaigne ) 
Iodide of piilladium is obtained in the form of a black, tasteless, inodorous mass, 
hy ■ “‘iltwith iodide of palladium, washing with boiling water, 

anc ‘ flnkesfor24hoursiniacuo(LaSBaigue,J. Chun. mod. 

between 300° and 360°. Boding potash decomposes it 
with separation of a black powder consisting of palladions oxide. It is insoluble in 
watei, alcohol, ether, and hjdriodie acid (thereby metingmshed from iodide of platinum) 
(Lassaigne) T his compound serves for the quantitative estimation of iodine (in 296). 

PAliIiASIirnE, OSCIDES or. Theyw-oioaitdeor Palladi.ous oxide, Pd'O, 

13 obtained in the anhydrous state by decomposing nitrate of palladiumi at a moderate 
heat, or by heating a palladions salt with carbonate of potassinm to commencing red- 
ness, and exliausting the resulne with water. It is a dark grey oi black powder, 
sparingly soluble in acids, and is reduced to the metallic state at a bright red heat, 
PMadiaue hydrate is obtained as a dark brown precipitate by mixing the solution, 
of a palladions salt with excess of potassic or sodio carbonate. It gives off its water at 
a moderate red heat. It is easily soluble in acids 
The dioxide or Palladio oxide, Pd*'0*, is not known in the separate state. From 
a solution of palladie oMoride, alkahs and alkaline carbonates throw down a brown 

S itate consisting of hydrated palladie oxide combined with the alkali. This com- 
gii es off half its oxygen at a moderate heat, and the whole at a higher tempera- 
ture From hot solutions, a black precipitate is obtained containing the anhydrous 
dioxide The hydrate dissolves slowly m acids, forming yellow solutions In strong 
hydroehlorie aoid it dissolves without decomposition, forming pofassm-^afMm oUonde 
arising from admixed potash , with dilute hydrochloric acid, on the contrary, it gives 
offohlosme. 

S>A3^X.ASXUIVI, SBX.EKXDX1 OB. Pd"S6 —The two bodies Unite .easily, the 
cmnbination being attended with evolution of heat. The product is a grey, infusible 
eonipound, which when heated in the blowpipe flame, gives off selenium, and loaves a 
groyisii-wluto, brittle, erystaUmc, metallie bead contamiiig selenium (Berzelius ) 
PAI.l.AaxriH, SUaiEZIIDS OB. Pd"S.— Palladium and sulphur healed 

together unite, with uicaadescoiioe, forming a blnish-wlute, metallic-shining, very 
liard compound, having a sinning laminated fractme, and melting at the same tempe- 
ratui'c ns siher By precipitating a palladium-salt witli sulphydrio acid or an alkaline 
sulphide, sulphide of palladium is obtained as a black powder, having a bluish tinge 
and semi-metiiUic lustre Sulphide of palladium heated to redness lu the air oxidises 
1 ery slowly, forming a basic sulphate or oxvsulphate of palladium. Heated in a 
stream of chlorine gas, it forms ohloride of siilphnr and dichloride of palladium. 

BAI.XiABItr3H:-BASBS, AKtOTOETlAiCAI.. (Vanqueliu, Ann Chim. 
Ixxxviu. 167. — Fischer, Sehw. J li 192 — ^Aim. Ch. Pluivm. Ixiv 260 — 
Fehling, ibtd xxxix, 116— Hugo Muller, ibid Ixxxvi 341 )— a A moderately 
concentrated solution of diohloride of palladium treated with a alight excess of 
aiumoma, yields a heaiitiful flesh-coloured or rose-coloured precipitate, consisting of 
B“H''Pd''0b (Vauquolin, Fehling, Fischer). This precipitate dissolves in a 
larger excess of ammonia, and the ammoninoal solution, when treated with .loida, 
yields a yellow precipitate haraig the s.imB composition (Fehling, Fischer). 
This yellow modiileation is likewise obtained hy heating the red oompoimd in the 
moist state to lOO-', or m the dry state to 200° Tho yellow compound issolves 
abundantly in aqueous potiish, flaming a yellow solution, but without giving off am- 
monia, oven when the liquid is heated to the boiling point , the rod compoiuid behaves 
in a similar manner, but, before dissolving, is converted into the yellow modification. 
For this reason, Hugo Miiller regards the red compound as ammunut-chlonde of 
palladium, 2NH“,Pd"CF, and tho yellow as chloride of palladammomnm, N''H'’Pd" CR 
The yellow compound, digested with water and oxide of silver, yields tho omde of 
paUadammomum, or palladamme, N''H‘‘Fd''0. This compound is a strong base, 
analogous to oxide of pl.itaminoninm (g. » ). It is soluble in water, to which it eom- 
inunicates a strong alkaline taste and reaction By evaporating tho solution in vacuo, 
tile base is obtained in the form of a crystalline mass, winch absoibs carbonic aeid 
rapidly from the air, especially when moist. It unites with acids, forming definite 
salts. Its solution precipitates the salts of silver and copper, and an excess of it does 
not redissolve the precipitates. Sulphite of palladammoniim, N*II"Pd"SO“, is 
formed by sahu'atmg the solution of the oxide with sulphurous aeid, or by the action 
of that acid on the yellow chloriuo-compound : it crystallises m orange-yellow 
octahedrons The sulphate, H“H“Pd"SO‘, crystallises in a similar iiiniiiier. Tho 
nitrate, iodide, and bromide have also been formed. Tho Jlvoridc is obtained by 
adding the chloride to a solution of fluoride of silver. (H. Muller.) 
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fi. The oompomid 4NH’.Pd"Cl’ (called by Muller, ofihn-ide of pajlad-diamtne), -wliieh 
may be formulated as a cbloronitnde or as cMonde of anmopalladammomwm. 

K' ) 

Pd" iN^Cl’, separates from the ommoniaeal solution of chloride of paUadammonium, 

in ralourleas, oblique rhombic prisms, which at 200° give off half their ammonia and 
are reduced to N“H“Pd"Gl’ (Fehling). The corresponding iodide and homide are 
lilcewise obtained by treating the solutions of iodide and bromide of palladium or 
paUadammonium with ammonia. They both crystallise readily. The fluoride is 
obtained by adding ammonia to the solution of chloride of paUadammonium in fluoride 
of silrer, and evaporating it forms obhquo rhombic pirisms. The Hlioo-fluoride is 
obtained in orystallme scales on adding hydiofluosibcio acid to any soluble salt of 
paUadammomum. The oaada N® “P^’O’ = pj“|o ia obtained by decomposing the 
solution of the chloride witli oxide of silver,— or better, the sulphate with hydrate of 
barium. A strongly’ alkalme solution is thereby formed, winch, on evaporation, 
loaves the hydrated oxide m the form of a erystalhne mass, though not quite pure. 
The solution precipitates the salts of aluminium, iron, cobalt, nickel, and copper, but 
not those of silver; expels ammoma flcom chlonda of ammoniumj on bofhng; and 
absorbs carbonic acid from the air. The oarhonaie obtained in this manner, or by 
decomposing the chloride with carbonate of sdver, or the sulphate with carbonate of 
barium, orystallises ui shining, colourless prisms, which turn yellow at a httle above 
10U° , the solution of this salt is strongly alkaline, and giies copious precipitates with 

Boltsofoaloium, barium, copper, and silver. Tdho sulphite, Vdi' IS, obtained by direct 
(SO)" ) 

combination, or by the action of ammonia on sulpliite of paUadammonium, forms small 
prismatic crystals, sparingly soluble in water, insoluble in aloohoi, and turning yellow 
at about 302°. The sulphate, obtamed by treatmg paUadious sulphate with excess of 
ammonia, forms small colourless prisma, easily soluble in water, but insoluble in 
aloohoi. (Hugo Muller.) 

PAIiXiAOZtTM-BASBS, OROAmC. (Hugo Muller, loo. cit.)—a Ethyl- 
eompounds. When ethylamine is added to a solution of palladious chloride, a yellow 
precipitate is formed containing (C^H’N)* Pd''01'‘. It dissolves in ethylamine, forming 
a colourless solution, which on addition of hydrochloric acid yields a pale yellow pre- 
oipitate, afterwards becoming dark yellow and crystalline' this precipitate is mota- 
morio with the^ecedmg, and appears to consist of chloride of palladethylam • 

mom urn Pd" In’CI*. A solution of this yellow salt in excess of ethylamine de- 




posits colourless prisms of the salt 


/3, Ph 


(C^H*)* ; 


h’'( 0 ‘h»n )>“3 h= 

When the chloride of paUadammonium (p 328) is tveiitod with aqueous ethylamine 
it quickly becomes decolorised and dissolves on gentle heating, to a colourless liquid, 

winch on eoohng deposits colom'less crystals of the salt Pd" s.N“CP or Pd" 

MuUer's chlonde of paladcthyldiaumie. 

" ’ ^ — On adding aniline suspended in water to a solution of 


pailadious cliloride, a pale yellow raystaUine precipitate, insoluble in excess of aniline, 
IS formed, probably consisting of chloride oi p.illadio-phonylammonium, 
H\C‘'H°)“Pd"JS“ OP. The corresponding lodme-conipuimd is obtained as a yellow 
crystalline powder on mixing finely divided iodide of palladium with aniline suspended 
in water. 

FAI>BIIC AOXD, Syn. with Bioiiixc.AiDio Aoro. 


FAUHIR'. 8yn. with BiciNULAlDlN. 

PAIMITAMIIBB. C'“H»HO = (H. Carlet, BuU. Soe. Chun. 

1859, p. 176 ) — ^This compound is obtained by heating palmitate of ethyl with alcoholic 
ammonia for twenty to twenty-five days m a sealed tube immersed iii a s.ilt-batli, and is 
purified by rc-crystalhsatiou from hot alcohol, and repeated washing with cold other It 
melts (or solidifies) at 101 5° By heating m a sealed tube with alcuhobe potash, it 
lb resolved into palmitia aeid (solidifying at 69 ’5°) and ammoiua. 
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The marciaramdc which BouUay olitainecl by the action of ammonia on olive-oil 
probably co'nsibted chiefly of oleamide (p 19^ 

PAliniXXIo ACID. Cetylio (and. Etlialio acid. 

Ohdio acid. (Chevi-eul, Sccherchea stir les corps gras, -p. 69. — Dumas and Stas, 
Ann Ch Phys [2] Lxiii. 113. — ^Varrentrapp, Ann Cfli. Pbarm. xxxv. 209 — 
PrAmy, xxxvi 44. — Stenhonse, lAzc^. xxxvi 60. — ^L. Smith, jJjd xbi 241. — 
Sthamer and Moyer, xliu 336 — ^H. Schwarz, he. 69 — Heintz, see 
references abendy given in 1069. — V. Bock, J. pr. Ohem. xlix. 296. — ^Berthelot, 
Ann Gh. Phys [3] xli 216, 432, xlvii, 297 — ^Maskelyne, Chem. Soc. Qu. J. viii. 1. 
— Gm. xi-i 360 — Gerh. u. 796 ) 

Tins acid is universally distributed m the fats of the ammal and vegetable kingdoms. 
It occurs o Cc ’ ' ; ’ * ■ large quantities, in palm-oil (FrAmy) , in 

Gbiueae tallow, t (Maskelyne), in Japan wax (Sthamer), 

in the wax of . ‘ s). — (3 Combined with ethal, m spermaceti 

(L. Smith). — y. In the mehsain of bees-wax, aapalmitate of melissyl, C‘“H®‘(0'“II“')0^ 
(Brodie) — 5. In the free state in partially decomposed fats, especialljp in palm-oiL 

Ghevreul’s marganc add, which, as already observed (m. 362), is a mixture of palmitic 
acid with 10 per cent, stearic aoid, is formed in large quantities m the sapomficatioh 
of spermaceti, of human, jaguar, and goose-fats, and of dolphin and train oils , m small 
quantity, together with much stearic amd, by the saponiflcation of butter, hog’s lard, 
•beof-suet, and mutton-suet. The other vunetiea of the so-called margario acid con- 
sist of palmitic aoid more or less pure • hence, many of the older observations relating 
to margario aoid really apply to palmitic aoid. 

Fomaiwn — 1. By the sapomfieation of palmitin, spermaceti, and mohssm.— 2. By 
heating ethal (oetyho hydrate) with potash-lime (Dumas and Stas): 

0'=H«0 + KHO = C“'H'»K;0» -I- H'. 

, Hydrate of Palraitats of 

cetyl poteasium, 

3. Together with acetic acid, by meltuig oleic acid (Varrentrapp), or elaidio aoid 
(Moyer), with potassic hydrate . 

C'“Hs<0* + 2KHO = C"'H'"E;0* + C'HIKO’ + H*. 

Oleic acid appeal's also to ho converted into palmitic acid when fats or fatty substances 
are left for a long timo in moist earth, or in other moist situations excluded from the 
air, tlie fat then becoming harder and more brittle. When caator-oil is distilled with, 
excess of alkali (m 144), there remains in the residue, together with sebaoic aeid, an oily 
acid which on standing deposits a largo quantity ot solid fat havmg the melting point 
and composition of palmitic acid. 

4. Together with eotylene, by the dry distillation of cetylic palmitate (oetin) 
(L. Smith) . 

o"h.1°|o = 

Cctin Pelmitic acid. Cetylena 

Preparation a. From Palm-oil is saponified with caustic potash ; the 

soap tlius obtained is decomposed, and the separated fatty aeid is punflod by erystal- 
hsatiou from alcohol (Primy) Stenhouse dissolves the six or eight times crystal- 
hsed acid in caustic potash, and precipitates it with an acid Schwarz saponifies 
palm-oil with caustic potash, dissolves the soap in hot alcohol, allows the solution to 
cool, and purifies the crystalline nodules which separate, by repeated crystallisatiou 
from alcohol, with aid of ammal charcoal The crystals,. when decomposed hy hydro- 
chloric acid, yield palmitic acid, which must again be crystallised from alcohol 

3 Fi cm Japan Wax —The wax is saponified by fusmg it with half its weight of 
hydi'ate of potassium, and the soap is dissolved in water and salted out. The soda- 
soap thus formed is dissolved in warm water and allowed to eobl , it is then pressed, 
again dissolved in water, and the solution is heated to the hoUiug point, and decom- 
posed with chloride of calcium. The lime-soap, after being washed and dried, is freed 
from unaapomfied wax by means of ether, and decomposed by bydrocblone acid. Tbo 
separated fatty acid is crystillised, first from alcohol, afterwards from a mixture of 
alcohol and ether, and is lastly washed with cold alcohol. (Sthamer.) 

7 . From Chinese Wa.v — The wax la saponified with alcoholic potash ; the alcohol 
IS distilled off, after addition of water; and the soap is decomposed with sulphuric acid. 
The separated fatty acid is then strongly pressed, and the press-cake is moistened with 
alcohol, and again pressed several times The remaining mass is erystaUisod from hot 
alcohol imtil it exhibits the melting point of palmitic acid (Maskelyne.) 

5. From Cuffec-hans . — The piowJered hoaiis oie extracted with ether eontaimug 
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■water, and tlio etlieris e-vaporatpd; the remaining j-ollow hitter fnt is freed from the 
various acids of coffee, and from caffeine, hy shaking it repeatedly witli oue-fiitli its 
volume of Tvater and drawing off the aqueous layer of liqiud, and is afterwards sapoin- 
fled with oaustie potash. The soup is salted out, dis.solved in water, and decomposed 
hy dilute sulphuric acid , and the mixture of oleic and palmitic acids is converted 
into lead-salts by hoihng the acids with carbonate of sodium, dissolving the soda-soup 
in alcohol, and precipitating with nentnil acetate of lead The lead-salts are boiled 
■with Edoohol, which dissolves them completely , hnt on cooling and partly evaporating 
the solution, the p.ilmitnto of load separates in the form of a white powder, whilst 
the oleato remains in solution. Tho former is collected, washed with alcohol ooutaining 
water, and decomposed hy snlphydno acid under ether-aleohol. The palmitic acid 
remaining behind, when the filtrate is evaporated, is obtained ■with a melting point 
of 68 6° by five times repeated crystalhaation. (Rochleder, Ann. Oh, Pharm. 
■mi. .228 ) 

e. From Oleio acid. — Oleic aeld is saponified by a slight excess of hydrate of po- 
taisiura, ivith addition of a little water ; a quantity of hydrate of potassium, equal to 
twice the ■weight of the oleic acid is then added, and the mixture is heated, ■«!& con- 
stant stirrmg, until the potash is melted, too great a heat being prevented by the 
occasional addition of a few drops of water, so that the mass may not blacken, hut only 
assume a brown-yellow colour. As soon as the potash is melted, and hydrogen gas is 
evolved, the fire is removed, and the mass is thrown into not too large a quantity of 
■water, when the soap which has been formed separates and floats on the sui’face. The 
soap 13 removed, dissolved several times in water, and salted out, and afterwards de- 
composed hy dilute liydrochlorio acid the palmitic acid thus separated is piuufledby 
otystallisatiQU from alcohol, (Varrentrapp.) 

(, From Mhat. — Ethal, mixed ■with five or six parts of potash-lime, is heated to 210° 
— 220° (263° — 276°, according to Heintz), m a metal-hnth for five or six liours, or 
BO long as hydrogen is evolved , the residue is suspended in water ; and an excess of 
hycU'omilorio acid is added, whereby the palmitic acid is separated in white flocks. 
After allowing the mixture to boil, the acid is ■washed, then hodod for half an hour 
■with excess of hydrate of barium, and evaporated to dryness The ethal remaining 
uudeoomposed is taken up by ether , the residue is decomposed hy hot hydroohlorio 
aoidj and the separated acid is washed and dissolved in other, to remove traces of 
undecomposed barium-salt (Dumas and Stas). The palmitio acid thus obtained 
still requires to be ffeed from stearic, myriatio, and laurie acids, which are produced 
at the same time. (Uointz.) 

The fatty acids obtained hy saponifying fats, or hy heating them with potash-lime, 
and dacomposmg the soaps (and freed from oleic acid by tlm method already described, 
lii. 474), admit of separation into two distmet portions— inasmuch as when they aro 
dissolved in hot alcohol, a mixture of the more diffioultly fusible acids containing a 
high percentage of carbon, especially pidimtic, stearic, and likewse araohidio acid, if 
presQUti crystallises out on cooling, — and by pressing the crystals, moistening with 
alcohol, and again pressing, they may be obtained separately, while a smaller portion 
of the same acids, together with the more easily fusible mynstie and lam-io acids, m- 
niaiiis in solution, and may be separated by methods already desci'ibod (in. 474, 
1070), 

A-Vhen the fats contain no acids with a higher percentage of carbon than palmitic iieid, 
and more especially no stearic or araehidie acid, or only small quantities thereof, they may 
he crystaUi.sed from alcohol until the crystals melt at 62°, and are then to he examined 
as to their parity hy the method given at p 1070, vol iii. In the contrary ease, the whole 
of the acids are dissolved in suehaquantity of alcoliob that nothing crystellisps out on 
cooling , the solution is precipitated two or three tunes with a quantity of acetate of 
maguasnun equal to about -Jjth of the fatty aeids , and the successive precipitates 
are separated hy filtering and pressing These precipitates contain tho whole of the 
stearic acid, provided tho fat does not contain too large a quantity of it, together 
with a relatively small quantity of palmitic acid. The mother-liquors, diluted with a 
large quantity of hot water, and left to cool, deposit the palmitic acid, which is col- 
lected, examined as to its purity, and purified either hy rocrystallisation from alcohol, 
or by again precipitating it with small portions of acetate of magnesium (Hoiutz) 
In a later process Heintz precipitates the sodinm-salt, instead of the alcohobc acid, 
■with acetate of magnesium, in me manner above deacribod. 

Por tho older methods of preparation, whereby tho so-called margaric acid was 
obtained, together with stearic and oleic acids, see GmeUn’a Handbook, xvi. 355. 

Tropertiea , — ^Palmitic acid is a colourless solid body ■without taste or smell, lighter 
than water. It is insohible in water, hut dissolves abundantly ih boiling ideoM or 
ctkfr. Tlie solutions are acid, and.whon concentrated, solidify in a mass on cooling 
AVhen dilute they yield tho acid in tufts of slender needles. It melts at 62°, and 
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solidifies on cooling in a mass of sliimng nacreous laminse. According to Pr6niy, 
palmitic acid wHcli lias been heated to 260°, cryataUises from alcohol in Small very 
hard crystals. 

Pahnitic acid may be melted together with lawno and mynstto acids. In certain 
proportions the mixtures are not separable by crystaUisation from alcohol or ether: 
they exhibit the foUowmg'eharaeters on melting and solidi^ing (Heintz) • 


Amixt 

re Of- 

Meltfl at 

ModeofBolidUyiqg. 

Palmitio add 

Laurie acid 

10 

90 

41-50 

UnerystaUiaed 

20 

80 

70 

37 1° 

Pmely crystallised, indistinet. 

Small-leaved, crystallme 

40 

60 

40 1° 

Splendid largo lanunse 

60 

69 

47-0° 

Opaque, seareely crystalline. 

60 

40 

51-20 

Granular, distinctly scaly. 

70 

30 

64 60 

More distinctly so^y. 

80 

20 

67 4° 

Stiff more distinctly scaly. 

SO 

10 

69 80 

CrystaUiuo scales. 


Amlxt 

re Of— 



Mode ofsolIdlfylDg 

Palmitic acid. 

Myrlstlo acid 


at 

96 

6 

61 lo 

680 

CryataUine scales. 


10 

60-10 

. 65 6“ 

80 

20 

58° 

63-6“ 

Scales with slight admixture of 
neodlos. 

70 

30 

64 9° 

61-3“ 

Very dehcate needles. 

60 

40 

61-5° 

49 6° 

Uneven, unorystaffised. 

60 

60 

47 80 

48 3“ 

Large laminm 

40 

60 

470 

43 7“ 

Indistinctly lamellar. 

36 

66 

46 6° 


Uncrystoffised, opaque. 

32 6 

67-6 

46 2° 

440 

30 

70 

46 20 

■43 7“ 

Unorystaffised. 

20 

80 

49 60 

41 3“ 

10 

90 

61 8° 

46-3“ 

Long needles. 


A mixture of 30 per cent myrisbe and 70 percent lauric acid melts at 36'1°; 
and whan to 20 parts of this mixture, ftom 1 to 100 parts palmitic aoid are added, the 
melting-points of the resulting mixtures are altered, according to Heintz, as follows: — 


The mixtures with 9 and 10 parts palniitie acid solidify in delicate needles, the 
others uncrystalUsed (Heintz.) 

Por the mode of solidifying of mixtures of palmitio and stearic acids, see Stbabio 


The composition of pahnitio acid is as follows : 


Calculation. PrSmy. Stenhouso Schwarz Sthamer. Tarren. Brodts. Heintz 



26G 100 0 lOQ'O lOO'OO 100-0 100 00 100 00 100 00 lOO 00 iOU-UO 

Palmitic acid heated in a dish hods and evaporates witliout residue (Dumas and 
Stas). On distillation it passes over almost entirely unchanged, giving off only a 
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little oil (3i'r4my), and leaving a slightly coloured residue, which melts at 11°, and 
prohubly consists of palnutone (Maskclyne) , the melting point of the distillate is 
lowered from S8° to 67°, and the percentage of carbon somewhat inoreased (Schwarz), 
hut after recrystaUisation, tho acid remains unaltered. (Frdniy,) 

■When gently heated m contact with the air, it is but slightly altered, but at higher 
temperatures it takes fire and burns with a bright sniol^ flame like other fats. It 
absorbs ozone but slowly, even in presence of an alkali, much of the acid remaining un- 
altered even after exposure for several weeks to ozonised air. Oarboiiic acid is formed 
hy the oxidation, but no other acid. (Gorup-Besanez, Ann Oh. Phaim exxv. 216 ) 
Palmitic acid is not attacked hy cMorine at ordinary temperatui'es, hut at 100° 
Iiydroohloric is evolved and oily suhstitution-producta are formed. — ^Distilled with lime, 
either a^yi'ous or hydrated, it yields palnutone and carbonate of calcium. (Pina. 
Maskelyne.) 

2G>»H“0' = C»>H“0 + CO» + H*0 

It is not altered hy heating to 276° with jiotash-hme in a closed vessel , if air he ad- 
mitted, a little butyric acid is formed, with separation of charcoal, but tho greater port 
of the palmitic acid remains unaltered (Heintz). When {inlmitie acid is heated to 
low redness with excess of potash-Hmo, gaseous and liquid olefines are produced. 
(CahouiB, Ooinpt rend xxxi 142.) 

Palmitic acid heated with alcohols form compound ethers 

Palmitates The formula of the neutral palmitntes is C'*E'"MO' (or perhaps, 
G^'H'WO^) for monatomic, and for diatomic metals The alkali-metals 

also fonn acid palmitates analogous to the acid acotatea, butyrates, &o , having the 
composition 0'»H“0=, or rather the acids of the series 

being most probably dibasic. The neutral palmitates of potassium .and sodium are 
soluble in water and in alcohol ; all tlie rest are insoluble. The insoluble neutr.il 
palmitates are obtained by precipitating tho solutions of the corresponding metaUic salts 
with an alcoholic solution of palmitate of potiissium or sodium. 

An aoulpalmdateofaimnomum, probably is deposited from solutions 

of palmitic acid even m a large excess of ammonia , it is insoluble in cold water. (F r dm y ) 
Potassium-salts. Tbe neutral salt, obtained by melting palmitic 

acid with carbonate of potassium and exhausting with hoilmg alcohol, crystallises from 
the alcoholic solution in white pearly scales, fusible without decomposition or loss of 
weight. It dissolves in a.smaU quantity of water, hut is decomposed by a largo 
quantity I perfectly soluble m alcohol, insoluble in ether — The arnd, salt, is 

precipitated on mixing a solution of 1 pt. of the ueutail salt in 20 pts. boiling water 
with 1000 pts cold water. By dissolving the dried precipitate in boiling alcohol, and 
leaving the solution to cool, the aeid salt is obtained in small pearly scales. Water 
added to the alcoholic solution precipitates a more highly acid salt (Chevreul). 
Schwai'z, by saponifying palm-oil with potash, and erystidlismg the soap from alcohol, 
obtained an acid potassic palmitate in nodules which melted at 100°. 

Sodtum-salts The neutral salt, C'E^'KaO®, prepared like myristate of sodium 
(iii. 1072), forms broad pearly laminm more easily decomposed hy water than the 
potassium-salt (Dumas and Stas). According to Heintz, itaeparates from alcoholic 
solution in the form of a jelly, which, on standing with a sufficient quantity of alcohol, 
changes to colourless lammni. Tho aeid salt, C"iH“’NaO', obtained by dis.solving the 
neutral salt in 1600 pts hot water and leaving the solution to cool, is white, tasteless, 
more fusible than tho neutral salt, insoluble iu water, easily soluble in hot alcohol 
(Chevreul.) 

The harium-salt, C®'H‘^a"0*, is a white, pearly, crystalline powder, which decom- 
poses before melting. The magnesium-salt, C“II“'Mg"0', is a snow-white, loose 
crystalbne precipitate, which dissolves in hoilmg alcohol, and crystallises almost com- 
pletely on cooling, in microscopic rectangular laminte 

The oopper-salt, C®H®Ca"0^ is a pale green-blue, very loose powder, composed 
of mioi'oseopie laminiE It melts, when heated, to a green liquid which rapidly decom- 
poses. The lead-salt, C“H'*Pb’'0'*, forms snow-white microscopic scales, which 
melt at 108° (Maskelyne), betweenll0° andll2° (Heintz), andsobdifyto a white 
opaque amorphous mass. By heating this salt or the aeid with hasio acetate of lend, 
basic pnbnitatea of lead aie obtained The silver-salt, G‘“'H'’'AgOS is thrown down 
from cold solutions as a somewhat gelatinous precipitate, which is blackened by light in 
the moist, but not in the dry state (Varrentrapp). It appears amorphous even 
when highly magnified (Heintz) It dissolves slightly in water (Yarrontrapp). 
Fj om a solution in warm aqueous ammonia it separates m indistinct scales, (v. Borck) 
PAIiMIX'ZC ETHEItS. a Containing the alcoliohc-radicles C”II’"+'. — Mcth- 
ylic Palmitate, = G'“H”(CH’)0®, obtained by heating palmitic acid with 
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metliylic alcohol xn a sealed tube to 200°— 250°, forms crystals -which melt at 28° and 
sohdify at 22°. (Borthelot) 

Ethylic Palmitate, Falmitio or MhHw ether, is 

obtained by passing hydrochloric acid gas into a saturated aleohohe solution of 
palmitic acid (Frdmy, Heintz), also by heating palmitio acid -with ethylic alcohol 
to 200°— 260°, or with ethyho etherto 360° (Berthelot). It crystaUises in prisms, 
melts at 24 2°, and solidifies in a foliated mass on eoohng. When crystaUised ftom an 
aleohohe solution at 6° fji 10°, it forms long flattened needles. 

AmylioFalmitate,G^''K*'‘0'^ ■= C"'H'"(C“H“)0’, is obtained by similar processes; 
also when pahnitin is boiled -with amylie alcohol eontainmgamylate of sodium (Duffy, 
Chem Soo Qu. J. v. 314). It is so^ non-erystalhne, and melts at 9° (Berthelot) ; 
at 13-6°. (Duffy.) 

Cetylic Palmitate, — C’“II"(C'“H”)0®, constitutes the principal part 

of the Bohd portion {cetin) of spermaceti. 

Myricylio Palmitate, >= C"'H”(C"“B['’*)0“, is contained m considerable 

quantity in tlic portion of bees- was which is insoluble in boUing alcohol (see MisiciN, 
m. 1069). 

P Paumitatbs of GiTOBE-ri. or Palmitins. Palmitio acid forms three 
compoimds -with glycerin- 

Monofalmitin,0''^K^'‘0^ = is obtained by heating a mixture of 

glycei-m and palmitio acid to 200° for 24 hom-s. It forms radiating colourless prisms, 
melts at 68°, and distils in the barometno Taouum -without alteration. Heated m con- 
readily in ether. It is saponified by 

is produced by heated palmitic acid 
and glycerin together to 100° for 14 honra. It forms colourless tables or needles, which 
melt at 60°, yield acrolein when heated m the air, and burn -without residue. It is 
rapidly saponified by omde of lead at 100° 

Tripalmitin, obtained by heating a mixture of 

1 pt monopalmitin and 10 pts palmitic neid to 250° for 28 hours. It is sohd, melts at 
60°, sohdifies at 46°, and is saponified by oxide of load. 

natural palmitin, ooournng in the fats which yield palmitic (or margarie) acid, 
by saponification, is isomeric, if not identical, -with tripalmitin. It is orystalliaable, 
sparingly soluble in alcohol, and dissolves in all proportions in ether. According to 
Duffy {ho. mt ), it exhibits three di.stmet melting points, viz 46°, 61 7° and 62 8°, 
corresponding to three different physical modifications (see Gltobbidbs, ii. 879). It 

Palmitin exists in palm-oil, Japan wax (Sthamer), human fat (Heintz), and 
coffee-berries (E o oh 1 e d e r) It is extracted from palm-oil by pressure, and the residue 
is washed -with boiling alcohol, and orystalhsed several times from ether. 

y PALmTAiB OF MANBinri,, Mpalmito-mannitari, ManntU mono-pcd'mtume, 
(C»H«)’‘ 1 ^ 

„ (C'“H*'0)’ W*. To prepare this compound, palmitic amd is heated with 

H“ j 

mannite in a sealed tube to 120° for 16 to 29 hours, and the fatty layer which floats on 
tlie surface and solidifies on cooling, is melted m a water-halh, mixed -with a little 
ether and -with excess of slaked lime, heated for 10 minutes to 100°, and then ex- 
hausted with ether If the product obtained by evaporating the athoraal solution 
reddens litmus, in must be once more treated -with other and lime 

Mannitie palmitate is a solid, white, neutral mass, resembling palmitin, and soparat- 
iiig from ether in microscopic crystals. It melts to a wax when heated on platinum- 
fod, and volatilises almost undocomposed, charring only towards the end ; the residue 
burns away. Water, at 240°, decomposes it in a few hours into mannitanand palmitic 
acid. Insoluble in water, soluble m ether. (Berthelot, Ann. Ch. Phys. [3] xlvu. 

PAl^nilTIIT. See Pabjutates op GnYOHRyi, (p. 334). 

PAIimxTOirSI. C’’H“0 = C*“H‘'^( Ethalone. (Pina, Compt. rend. xxxiv. 

140, Maskelyne, Chem Soc Qn J -viii 1.) — The acetone or ketone of palmitic 
aoid. It was first obtained by Bnssy, who called it margarone, hut his product -ivas 
probably mixed -with steai-one. To prepare it, palmitic acid is distilled with exce.ss of 
slaked lima (Pina), or with one-fourth of its weight of quicldirac(Mnskelyne),aud 


tact -with the air, it yields acrolein. It dissolves 
ixide of lead, yielding glycerin and palmffic acid 
Dipalmitin, C«'H«‘0» = 
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PALMITIC ACID -PALM-SUGAR. 


tbe product is purified by repeated cryatalliaatioii from boiling alcohol It forma small, 
white, pearly aonlea or larain® , melta at 84°, and aobdifles at 80° to a highly eloctne 
mass (Maakelyne). It dissolvea in aleoliol, with greater faoiHty aa the alcohol la 
stronger (Pina). Easily soluble in ftcBacnc. (Maakelyne.) 

It resists the action of mti ic acid and c£ potaah-lei/, but is attoeked and blackened by 
nitrosidplmric acid (Maakelyne) It does not unite with acid sulphites of alkah- 
maials. (Limpricht, Ann. Pharm. xoiv. 240.) 

PAltIffilXOirXC ACID. An acid of doubtful composition, said by Schwarz 
(Ann Ch Pharm be 68) to be produced when palmitic acid is kept m a state of fusion 
for a long time in contact -with the air Schwarz aiipposes that under these cmeum- 
stances a portion of the carbon and hydrogen of the palmitic acid is remoTed by 
oxidation, and an acid is left haTiug the composition or (Por a 

description of this supposed acid and its salts, see Handworterhuck d. Chem. vi. 86.) 

PAIilKHTiri^. — The hypothetical radicle of palmitic acid and its da- 

riTatives. The same term is sometimes, but improperly applied to cetyl, C'“H®. 

FAXiK-OlZi or PAlMC-BtlTTEB. This fat, which in the fresh state consists 
mainly of tripalmitin with a small quantity of olein, is obtained from the frmt of certain 
kinds of palm. Cocos bviijraoca according to some authorities, Amira ekis according to 
others , it is imported from Cayenne and the coast of Guinea It has the consistence 
of butter, an orange colour, and an odour somewhat like that of violets The fresh oil 
melts at 27°, but as it gets st.ile, the molting point uses to 31° and oven to 36°, in 
conseqnrneo of the resolution of tbe neutral fats into glycerin and f.itty acads Old 
p.ilm-oil usually contains a considerable quantity of free palmitic acid, the decom- 
position being indncod, according to Pelouzo and Boudet, by the presence of a 
peculiar ferment It gives oflf acid vapours when heated to 140° and above, and at 
300° it bods, omitting tbe odour of acrolein, and yielding a distillate of fatty noids 
(Pohl) It dissolves m strong sulphuric acid, and the solution on standing deposits 
palmitic acid (ErAmy) It dissolves slowly and incompletely iii cold alcohol, but 
mixes m all proportions with other , dissolves in oil of tm'pentine and od of almonds, 
mth separation of fioccnlent matters. (Guibourt, J Cmm. mM. 1177. — Henry, 
J Pharm. h. 241.) 

Palm-oil IS extensively used in the mounfaoture of soap and candles, also, mixed 
with tallow and a certain portion of caustic soda, for making railway grease (see 
Utohavdson and Watts’ 3 Cheimeial Technologii,yo\ \.pt 3, p 742) Por the latter 
purpose the crude yellow oil is used, but for soap and caudle making the oolmir must 
he removed The bleaching may he effected by various proeosses, viz . by the action 
of chloride of lime, of oxygen derived from peroxide of manganese and sidphurio aoid, 
or from bichromate of potash and sulphuric acid ; — by heating the oil in a close vessel 
to 110° 0, (230° F.) by means of high-pressure steam , or to 100° 0 (212° P.) iii open 
vessels, so that it may be exposed to the action of air and bght. This last is the most 
economical of all metliods of bleaching palm-od, and has almost entirely superseded the 
others. It is carried out as foUows • 

Several very large square or flat boxes or cisterns are prepared, either constructed 
simply of wood, or' better, lined with lead These boxes, which are twelve inches deep, 
and are furnished nt tlie bottom with a serpentine leaden tube in connection with a 
steam-boiler, must be so situated as to admit of the free access ot air and liglit. After 
they have been filled np to the height of eight mehes with water, pahn-oil is intiodnoed 
in sufficient quantity to form a layer two inches deep after being melted by the 
admission of the steam, the current of which must be regulated so as to afford a 
uniform temperature of 100° At the expuutiou of ten or fifteen hours, the colour is 
deatroyerl, the length of time required depending very much on the power of the sun’s 
rays Palm-oil might perhaps be advantageously bleached by the tropical sun of 
Africa, before its importation into Europe. Tbe bleaching may also be accelerated by 
bloiring air through the melted od. The method of bleaching with chromate of potas- 
sium aud sulphuric acid is more expeditions than that just desenbed, but it is also 
much more expensive. The od, even after being subjected to the moat effective pro- 
cess of bleaching, still retains a slight yellowish hue, but this colour is no longer per- 
ceptible in the soap made from it. (Por fimther details see Chemical Technology, vol i 
pt 2, p, 410, also, Vre's Dictionary of Arts, &c., p iii 290 ) 

BASiM-StTGAB, Thejmee of various lands of palm yields a saccharine matter 
from which cane-sugar may he extracted. In Java, a black very hygi'osci^ia sugar is 
obtained from tbejmeo otAiimgasaccharifera and of Caguerus Dwoiphu Berthelot, 
(Compt rend. xlvi. 1270) has extracted cane-sugar from the latter The so-called 
Ingar or Loutar sugar of India is prepared from tlic flower-stalks of Bn> asausftaliel lifer ; 
it IB hkewise hygroscopic, and is said to be piu^utii e when taken m large quantity. 



PALM- WAX— PANCREATIC JUICE. 


P AIiJW-WAX. Oera de Palnia — Thia wax is the produce of Ceroxylon andiaola, 
a species of palm mdigeiious in the tropical regions of Amenca. The entire stem of 
the tree, which is two feet thick and fiitjr feet high, is covered with a layer of wax ; 
this is removed hy aoi-apiiig, and pm'ified with hot water, in which it does not melt, 
but collects in a soft state on the surface It is mixed with ahttle tallow to render it 
less brittle, and formed into balls, m which state it is sent into commerce , it is used m 
South America for making candles. 

Palm wax unmixed with tallow is dark yellow, somewhat translncent, an^ has a 
conohoidal fracture It becomes strongly electric by friction, melts at a temperature 
somewhat above the boding point of water, and takes Are at a somewhat higher tem- 
perature, burning with a bright smoky flame. It dissolves gradually but eoropletely 
m caustic allcalis. It is hltewiae soluble in ether, and the solution when left to evapo- 
rate deposits the wax in crystals resembling carbonate of sodium. Hot alcohol resolves 
it into two distinct substances, a true wax and a resin. The former separates as a 
jelly from the cooling alcohohc solution, and may he &eed from adhering resm by re- 
peated solution m alcohol. It then melts below the boding point of water, and closely 
resembles bees-wax in colour, and also m composition, as seen by the following com- 
parison : 

Palm-] 

Boussingault 
81 8 81-8 
12'5 13 3 

. . fi -1 

'ibo 0 100 0 100-00 100-0 

The resin, called oeioxylin, is obtained by evaporating the aleoholio liquor from 
which the jeUy has been deposited, first to two-thirds, whereupon a little more wax 
separates from it, then to one-fourth, when the resin separates as a shining crystalline 
mass containing 83-4. per cent, carbon, 116 hydrogen,-and 6-1 oxygen, agreeing with 
the formula C“H®0, which is also that of olemi-resm Its melting pouit is above 
100°. In the fused state it has the colour of amber, and spUts m all directions as it 
cools. It IS soluble in ether and in volatile oils. 

Wax is hkewise obtained from some other species of palm. The leaves of the 
Cai-nauba palm {Qoryyha omfeia), a native of northern Brazil, are coated with a tlim 
layer of wax, which peels off as they dry. It is very brittle, easily pulverised, melts 
at 83 6°, dissolves in boiling alcohol and ether, and sepamtes as a cryetalhne mass on 
cooling. Le-wy found in it 80 4 per cent, carbon, 131 hydrogen, and 6-6 oxygen. 

According to Tesohemaoher, considerable quantities of palm-leaves, probably of 
the dwarf palm {Chamceropa hvmtlia), are imported mto the United States from Cuba 
and the other West Indian islands, for the use of hatters These leaves are also coated 
with a thhi layer of wax Tesehemacher obtained from a single leaf, by scraping with 
the finger, 90 grains of white pulverulent wax, and by exhaustion with alcohol, 800 
grains more of a somewhat gi-ey colour. This wax, when treated with a small quantity 
of alcohol, IS resolved into two unequally soluble constituents. 

FAXiia-'WllTS], An alcoholic beverage, prepared by fermentation of the aaoeha- 
nne juice of certain palm.s. In Amboina, the jiuce of Arenga aaoa^ianjvra is used for 
this purpose Palm-wine is likewise obtiimed from Sagua rapha, Mavaitia mnifm'a, 
Phomu' dactyhfera, Cocoa tiucifera, and others In South America an intoxicating 
drink, called Pulga or Pulgue, is prepared from the juice of Pourottsa adorata. 

PAIj-abase;. Syn. with TETBAHBDjam 

BANCBEATIC JVXCB. A clear, ropy, colourless fluid, free from special mor- 
phological constituents, of no particiilar odom-, with a distinctly alkaline reaction, 
flowing fr'om the pancreas into the upper part of the duodenum, and of groat use in 
digestion. The quantity secreted during a given time varies exceedingly, and depends 
mainly on the amount of food present in the alimentary canal The percentage of 
total sohds also vanes greatly (from 2-3 — 9-9 for dogs) , in general, the density of the 
liquid is in inverse ratio to the rapidity -with which it is secreted Pancreatic juice 
decomposes very speedily at the ordinary temperature, and then becomes rose-coloured 
on the addition of cMorine , a reaction which is lost at a later stage of decomposition. 

In the ease in which the total solids amounted to 9-924 per cent, the salts were 
-886 per cent , and consisted chiefly of chloride of sodium ( 738 per cent ), sulphates 
of sodium and potassium, phosphates of sodium, calenan and magnesium, and carbonate 
of calcium, with traces of iron. 

The greater part of the organic matter may he thrown down by alcohol as a white 
flaky precipitate, which, when separated by Cltration and dried, is easily redissolved 
in water Heat (72°), minera] acids, tannin, &c., also produce precipitates. The 
VoL. I\^ Z 


Lewy. PeM-uoM. 

80-73 81-8 ' 

13 30 12-8 

6-97 6 4 
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PAPAVERINE. 


aqueous boliition of the aloohol-precipltate exhibits all the powers of the original se- 
cretion, and has been called Panereatin. It is probably, however, a mixture, 
consisting prmeipiUly of some protein-sabst.inee allied to casein. Cohnhoim has 
separated from it a body, lacking protein cliaractni'S, but conrorting starch into sug,ir 
■with gi'cat energy, and Danilowsky (Vireh Arch. xxv. 270) attempts to show the 
existence of three special “ ferments.” He makes a pancre.vtic intusion by r-ubbing up 
■with sand and cold viater the pancreas of a dug killed six liour.5 after a meal, and 
filtenng , the filtrate acts on starch, albumin, and fats Magnesia is added in excess, 
and tlio fluid again filtered ; the iiltrnto acts on starch and albumin, but not at aU on 
fat To this second filtrate is carefully added one-third its lulurne of collodion, and 
the mixtuie is well shaken, the ether being allowed to evaporate The precipitate, 
which IS granular and not lumpy if the experiment has been well performed, is separated 
by filtration The new filtrate acts upon starch, but not on albumin The precipitate 
IS w'uslied with spirit, treated with a mixture of alcohol and ether, and filtered The 
nndissolved portion is washed with ether, dissolved in water, and again filtered. The 
filtrate, which gives no decided protem reaction, has no action on starch , but, when 
possessing a feebly alkaline reaction, readily dissolves fibrin. Pancreatic juice also 
contains extractive matters, and some fat Leucine, m company -with tyrosine, is 
found abundantly in the substance of the gland, and has also been detected in the 
secretion. M. P. 

PAPAVaaiUKrE. C“H”NO< (tx Merck [ISSO], Ann Ch. Pharm. kvi 123; 
Ixxui 50— Anderson, liid. xciv 213, nl«o Edmb. Phil Trans xxi Pt 1,)— An 
alkaloid existing in opium It may bo obtained by precipitating the aqueous extract 
of opium ■with soda; treating the precipitate, which consists for the most part of 
morphine, with alcohol; evaporating the brown tmetm'C ; treating the residue w itli a 
dilute acid ; and precipitating the filtered solution w ith ammonia, A brown resinoua 
matter is thereby thrown down, contiuiiing a considerable quantity of papaverine, and 
on dissolving this resin in dilute hydrochloric acid, adding acetate of potiissuiin, which 
precipitates a dark coloured resin, washing this precipitate with water, treating it ■with 
boiling ether and leaving the othcieal extract to cool, papaverine separates m the 
crystalline form (Merck ) 

A simpler method is to dry the lesin precipitated by ammonia on the ■water-bath, and 
mix it ■with an equal weight of alcohol, whereby an unctuous mass is formed, which 
solidifies after a while in a orystalhiie magma, press this product, reci'ystalhse it 
&om alcohol, and decolonse it with animal charcoal The papaverine thus obtained 
still contains narcotme, to separate which it is treated with hydrochloric acid and 
crystaUised, and thereupon the hydvochlorate of papaverine, being sparingly soluble and 
easily crystaUisable, separates, and the whole of tho norcotiue may be extracted by 
' cold water (Merck.) 

Anderson prepares papaverine 'from the motlver-liquor of the preparation of nnreotine. 
(See Opium, p, 209.) 

Papaverine crystallises from alcohol m colourless acionlar’ oiystals confusedly 
grouped. It is insoluble in water, spnrmgly solublo in ether and aleohol at ordinary 
temperatures, more readily with tho aid of heat The solutions blue reddened litmus 
paper. It is particularly characterised by assuming a deep blue colour when strong 
sulphuric acid is poured upon it. It does not appear to ho poisonous , indeed it may be 
swallowed in conaiderablB quantity without producing any purtioular effect. Its com- 
position 13 as foUows — 


20 C 240 70 79 

21 H 21 6 20 

N 14 4 13 

4 0 64 18 88 



70 58 70 71 
6 29 6 46 

3 96 4’40 


C®ff'KO' 329 100 00 


men pai mvenne is boded for some time -viith peroxide of •mangamse, sulphuric acid 
and water, the liquid acquires a biwwn colour, and after some homs deposits crystalliuo 
flakes. (Merck.) 

Niti to add dissolves papaverine without decomposing it ; but on mixing the solution 
with excess of strong nitric acid, red vapours are evolved, the liquid acquires a deep 
red colour, and orange-coloured crystals are deposited, consisting of nitrate of 
nitropapaverine, 0™H“(NO'‘)NO‘.imO“. 

Srcminic-waler added drop by drop to papaverine, forms a precipitate which redis- 
Boh es at first, but afterwards becomes permanent it consists of hydrobromate of 
broiiiopapaverino, C^H^BrN O'*. HBr. 

Alcoholic tmeturo of iodme added to an alcoholic solution of papaverine, forms after 



PAPTEIN— PAEABANIC ACID. 


a wlale small ca^stala of an iodide of papaTerine, containing 2G“H*>K0* I’ , 
and the mother-liquor yields by evaporation crystals of another iodide containing 
2C=»Hi*'N0hI'“ (A 11 d e r 3 0 n ) _ 

Papaverine heated wth four times its vfeighb of soda-lme ^ves off a volatile alkali, 
probably tritylamma or ethylRimne. (Anderson.) 

Heated irith todtde of ethyl in a sealed tube it does not yield an ethylated base, but 
merely hydriodata of papaverine, and apparently alcohol or ether. (Hoiv ) 

Salts of Pajaverot — The hydrocMorate, HOI, is ohtauied by dissolv- 

ing the alkali m dilute hydrochloric acid, and adding an excess of acid , it is then 
precipitated as an od -which gradually solidifies in large hemihedral crystals belonging 
to the trimetiTO system. Observed combination . ooP . f oo ?• ludmation of (he 
faces, mP : t»P =. 80° , too ^00= 129° 20'; !>«> ; -g = 16'. 

The chhroplaiiiiate, 2G“H’'NOhH''Gl®.Pt*'GP, is a yellow predpitate insoluble 111 
water and in alcohol 

The mlplmU is unerystallisable. The nitrate cannot be prepared with nitric acul, 
because the least excess tends to form a substitution-compound, as above mentioned , 
but it is obtained by precipitating nitrate of silver -with the hydroohlorate. 

PAPyaiKT or VegetMe Paiohment —A tough substance produced by the action 
of Bulphurio acid on unsized paper. (See CBLi.nLOSB, 1 819.) 

(C»0»)"1 

PAKASAWIC ACID. = (COT>N*. Oxolyl-carbatmde or Ox- 

alyl-urea. Carhonyl-otoumide. (Liebig and Wohler, Ann Oh. Pharm xxvi. 285.) 
— An aeid formed . 1 By the action of oxidising agents on iiUoxun (1. 136) : 

C'HWO* + 0 = + GO*. 


2 Together -with aUoxautiu, bythe spontaneous decomposition of alloxan (Baumert, 
Pogg. Ann. ox. 93) . 

S0<H'N*0* = 0»HW0' + C’H«H’0» + COK 

According to Hointz (Pogg Ann. cii. 436) both the .illoxantm and the parahanic 
acid suffer further decomposition, the former gradually taking up oxygen and repvo- 
cliioing alloxanip aeid, while tho_ hitter is first converted, by assumption of water, into 
oni.1 n-/i n,,-, ojabc ucid Bud urea, and the luoa ultimately into carbon- 


oxalurio acid, and then in 
ate of aminoninm 

3. Together with guanidine and small quantities of xanthine, urea and oxalurio acid, 
by the notion of hypoohlorous aeid on gnanme (Strecker, n. 961.) 

It ig usually prepared by dissolving 1 pt of uric acid ui 8 pts, of warm moderately 
strong nitric acid, evaporatmg to a syrnp and cooling • it then eiystallu.es out, and 
may be purified by twice reorystallising from water. 

Parabanie acid forms thm, tounsparent, colourless, six-sided prisms, wMoh have a 
very acid taste, and redden litmus paper (Liebig and Wohler) The crystals 
are monoohnic, exhibiting the combinabon + P . - P . oP . + Pto . - Poo [ oopoo ] 
Katio of principal axis, cbnodiagonal and orthodiagonal = 1 • 0 6646 • 0 4783 Anrie 
of the inclined axes = 8L39' Anglo - P - P (elinod.) = 120° 62', oP ; - Pa> 
“ = 113°11', oP + Po, ... 117° 42'. Okavuge e.isy 

Td ^1^860 P ^70 , 1862, p 369 . see also v, E,ith, 

Porabiinic acid is easily soluble in water, and does not effloresce in the air Wlien 
heated to 100° it become.s reddish, at a stronger heat it melts and jiartly sublimes, 
partly decomposes, giving off hydrocyanic acid Its aqueous solution is nob decomiiosed 
by boiling. When the aqueous solution is boiled with amnionm (or other alkalis) it 
takes up water and is converted into oxaliirie aeid, O'HWO-*. With anlmdiema 
amnwnw parabanie acid appears to form oxaluramide (p. 277) ; and when ho.it«l with 
uiiiiiiic It forms phenyl-oxaluramide • + G“HtN = C"H"H“0“. (Laurent 

and Gerhardt ) ^ ' 

The only known salt of parabanie acid is the silver-salt, CAg’N^O", which is 
obtained as a white precipitate when aqueous parabanie acid is added to nilr.ito of 
silver (Liebig and Wohler). The aqueous acid mixed -with nitrate of sib or 
and a little ammonia, yields a precipitate containing 2G''Ag®N'0''.H'‘0, which becomes 


anhydrous between 130° and 140°, (Strecker.) 

(G^OT) 

Meihyl-parabama acid, C'BWO‘ - (Cq)''lN= 


^ compound 

which Dessaignes obtained by healing the baso C^H'WO" (produced by the action 
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PARABENZENE— PARAEUOMALIDE. 


of lutiwis acid on cruatinuie) with hydroelilorie acid. It la probably also formed by 
the action of baryta on croatme at the boihng boat (li. 102). , , 

(C»OT) 

Bimethyl-parabanio acid, C“H“N-0“ =. (GOy'vl?^ — This compound, 

already doscribod nS cJioUstropliane (i, 926), called also nitrothane by Stenhouse, 
IB the fln.il product of the action of chlorine or nitric acid upon caffeine (Bo chi odor). 
It niaj bo produced directly from paiabanic acid by heating the dry silver-salt of that 
aeul with iodide of methyl to 100" for twenty-four hours It crystallises from hot 
Milter 111 lammEQ having a advery lustre. (Strecker, Ann Ch. Pharm. cxviii. 161 ; 
Jiihrcsb 1861, p. 628.) 

( 0 = 0 =)") 

Biphenyl-parabanie acid, C’H'WO* = (CO)'7N^— Produced by treat- 

mg a boihng aleohohc solution of dioyanomeloniline or of melanoximide (p 286) with 
an aqueous acid : 

+ SH’O + 3HC1 = + 3NHtCl; 

DlcynnomBl- Dljihrnyl- 

C"‘H''N’0* -H IPO + HCl - + NH'Cl. 


Diphenyl-parabanic acid crystolhses in needles, is insoluble in water, but easily sol- 
uble in alcohol and lu ether. boihng with potash it is resolved into oarhomo acid, 

o.valio acid and phcnylamine (Hofmann, Proc Boy Soo. xi 276.) 

Cyanamido forms with 2 at cyanogen a yellow amorphous body, C“H*N^ ( t= H'H*(C!1T) 
-r O'*!!®), analogous to dicyanomelamlme, and it might have been expected that this 
body when hciited inth aqueous acids would yield parabanio acid by a reaction similar 
to the above, namely 

C*n‘N‘ + 3H»0 + HCl = + 2NH*01; 


but the product aetunUy obtained is altogether different. (Hofmann) 

PARABBKZEirHorPcrciaM^o?. (Church, PhAMag [4]xm.416, xviii. 622 ) — 
A hydrocarbon isomeric with benzene (i. 541), occurring, together with the latter and its 
honiologues, in light coal-tar oA When purified by roetifioation it boils at 97 6° (ben- 
zene at 80‘4°,Kopp) , does not solidily at —20° (benzene solidifies at 0°) , has a famt 
aUinoeous odour, less pleasant than that of pure benzene Treated with nitric acid of 
specific gravity 1 6, it yields a nitio-eompound which appeal’s to he identical ■with ordi- 
nary nitrobenzene ; and ■with a mixture of strong nitric and sulphuric acids, a Amtro- 
compound, agreeing in composition and properties with dinitrohenzene. Treated with 
4 vols of fuming sulphimc acid, it forms a sulpho-acid isomeric hut not identical with 
sulpho-beuzoho acid, uiasmuch as its banum-salt, 0'''‘H‘“Ba''S“0“, is obtained only as a 
gummy mass exhibiting no trace of eiystallisation, insoluble in ether, very slightly 
soluble in alcohol , Ac copper-salt, C*'‘H*"Cu"S-’0“ (at 100°), is a very soluble, trans- 
liieent, amorphous bluish mnss, and the free aeid separated from the salt by sulphuretted 
hydrogen orystaUisea with difficulty in prisms which are but slightly deliquesoeut ; 
whereas the barium-salt of orAuary siUpho-benzolie aeid orystnlhses in nacreous 1am- 
iiue; the coppcr-salt in ciysUls whieli are less soluble m water than the isomeric salt, 
and become auhyilrou.s only at 170° ; and Ae free acid forms deliquesoeut crystals 
The ammonmm-sali of parasulpho-hanzohc acid when subjected to distAation yields 
parabenzene with all the properties above mentioned. 

FABASKOIffiAUDB. C^HBi-’O —A compound iaomei’ic With bromal (i 668), 
produced by gi’iidually adAng bromine to wood-spirit contained in a retorti through a 
funnel tube reaching to the bottom ot tbe Uviuid Two layers of liquid then coUect in 
Ae receiver, the upper consisting of aqueous hydrobromic acid, while the lower, which 
is oily, solidifies, after waslung -with water and exposure to the am, to a mass of colour- 
less crystals of parahromalide, which, when purified by pressure between paper and 
reorystalhsation from strong alcohol, forms colouiless rhomlgo prisma with foiu’-sidod 
summits It has a specific gravity of 3-107, melts at 67°, begins t6 decompose at 200° 
with separation of bromine and hydrobromic acid, and decomposes completely at a 
higher temperature, leaving a eopious residue of diarcoal. It is insoluble in water, 
soluble in strong alcohol and in chloroform. By dilute potash it is decomposed, like 
brora^ yielAng bromoform and acetate of potassium. Alcoholic ammonia acts upon it 
in a similar manner, but when heated with it to 100° in a sealed tube, gives rise to a 
more complicated reaction, the liquid containing, besides formate of ammonium, Ae 
products of the action of aleohohc ammonia on bromoform. and a brown powder, pro- 
bably impure cyanhydrm. (Cloez, Ann. Ch. Phann. cxi. 178.) 
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PARABROniOMAl^XilO ACID. See Maibic Acsib (id. 788). 

PARACACODVDIC OXIDD. See Oxide oe Caoodti,, imder AnssNio- 
EADioLBa, Oesamio (i 407). 

FARACAIPTlTDirD. See Cajputehb (i. 711) 

PARACAMPHORIC ACID. Syn. mth Inactive Camhoeio Acid (i. 730). 

PARACARTHAIHIM'. This name is given by Stein (KAp. Chim pure, v 
108 , .Tahresb 1862, p. 600 , 1863, pp. 661, 696) to a red substunce allied to caith- 
aiiiine, produced by the action of sodiiun-amalgam on rutin. It is turned green by 
alkalis and by neutral acetate of lead, the red colour being lestored by ncids. Par.i- 
CiUthamin appears also to be contained in the red bark of dog- wood {Comus sanffiiinm,) 
lu the young bark of certiuu lands of aoaeid, in the blackberry, in the red fcterile shoot-, 
of Enphurbia oypurissias, and in the layer of the wiUow-atem between the pith and 
the balk 

PARACEIiIiVDOSR. Fr4 my applies this name to that modification of cellulose 
winch does not dissolve in au ammomacal solution of cupric oxide tiU it has been sub- 
jected to the action of acids, alkalis, or other reagents, lestneting the term eellulos e 
lu that variety which is immediately soluble m that liquid Both varieties of cellulose 
aio soluble in boiling potash-ley The ntrieiilar tissue forming the meduUaiy rays rf 
wood consists of paracellulose. Frimy regards these modifications of cellulose as 
essentially distinct. Payen, on the other hand, is of opinion that there is hut one kind 
of cellulose, oliemically speaking, and tliat the differences observed in the reactions of 
cellulose from diffeient sources are due to differences of aggiegation, or to the presence 
of iiioiganio substances, [SeeFr^my, Compt rend, xlviii 202, 276, 326,362,802; 
xlix. 601; E4p Chim pure, i 270, 367,433, 602; J, Pharm [3] xm. 6.— Payen, 
Compt rend xlviii 319, 328, 772, 893, E4p Chim. pure, i. 269, 369, 434; also , 
Jahi'esb. 1859, pp 629, 641 ] 

PARACBXONB. See PiNACOira. 

PARACHliORAIiIDE. C^HOPO*. — A substance isomeric with chloral (i. 880), 
pioducod by the action of chlorine on pure anhydrous woon-spint in diffused day-light. 
The containing vessel should bo cooled at first, hut to complete, the reaction a gentle 
heat IS required, so that the product may distil over in an atmosphere of chlorine 
The oily portion of the distillate is then to he mixed with an equal volume of strong 
sulphurio acid, and after 24 horn’s' contact, distilled from oxide of lead in an atmosphere 
of oarhouio anhydride, 

Paraoliloraliae is a pungent-smelling liquid resembling chloral Specific gravity 
1’6766 at 14°. Boils at 182°, and volatihses almost witlioiit residue. It is distin- 
guished from chloral by its insolubility in water, and its higher boiling point (chloral 
boils at 98 6°, Kopp). With fixed alkalis and alcohohc ammonia, it reacts like 
purabroinahde (Oloez, Ann Ch. Pharm. cxi. 178, Jahresh. 1869, p 434.) 

PARACRDOROBBN'ZOZC ACID, C’BPCIO® 07tlo>od)-aci/ltoaeid(Wilhre.ni 
and Beilstein, Ann. Ch Pharm. cxxvni 267 , Beilstem andSchlun, iiid exxxui 
242). — An acid isomeric with ehlorohenzoic acid, produced, together with hydrochlorate 
of paraoxybenzamio acid, by the action of hydrochloric acid on azo-poraoxybenzamin 
acid (p. 362) It is a crystalline body, which molts at 238° — 237°, and sublimes in 
scales resembling naphthalene, at a temperature very near its melting pomt. Noimiil 
ehlorohenzoic acid, obtained from benzoic acid or its derivatives, or fiom hippuric or 
oinnamie acid (compounds capable of yielding benzoic .icid), melts at 162° or 163°, and 
eubbmeg in needles , ehlorosalylic acid (called paraehlorobenzoio acid at page 666, vol 
1 .), produced by the action of pentacbloride of phosplioriis on saUcylie acid, melts at 
137° and forms a calcium-salt containing 2 at. water (G''II"'Ca"0+ 2H®0), whereas the 
calomm-salt of the paraohlorohenzoic acid just desenhed contains 3 at. water, like that 
of normal ehlorohenzoic acid. 

PARACIXRIC ACID.s Syn. with Acomtio Acid. 

PARACOIitrniBIXK. A mineral found at Taimton, Massachusetts, in black 
gi'aius, which melt easily before the blowpipe to a black glass, form a yellow-brown 
glass with borax, and are decomposed by siilplim-ic acid, with evolution of hydiofliioric 
acid and separation of a white powder. The mineral is said to contain iron and uranium, 
hut no titanium. (Shephard, Sill Am J ii xii 209; Dam’s Minei alogi/, ii 601) 

PABACSrAHIC ACID. This name is applied to several brown products, of 
uncertain oomposiUon, resulting ii’om the decomposition of oy.mogen or some of its 
compounds, in presence of water They are partially soluble in water, and when 
heated give off hydrocyanic acid and ammonia, leaving a mixture of charcoal and 
paracyiiuogeii. 
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» ABAOTTAWOenH'. A 'brown or bkek substanca isomeric or polymeric with 
cyanogen, which remains in sinnU quantity when the latter is prepared by healing 
cyanide of mercury (ii 276) To obtain it pure, however, it is necessary to uso perfectly 
dry oyaindo of mercury, since, if moisture is present, a certain quantity of ammonia is 
produced, and the paraeyanogon is contaminated with free carbon 

When pure paracyanogen is calcined in a gas whioli does not act upon it, such as 
nitrogen or carbonic anhydride, it is completely eonvorted into cyanogen, without 
leaving any earbonaceous residue T - ' ‘ ■ at of chlorine, gives 

off a considerable quantity of lyhite 1 i ■ • lur, which houdeuae 

on the cold parts of the apparatus in soluble in water, 

■When cyanide of silver is gently heated, it melts without decomposing ; but on 
raising the temperature, cyanogen is given off, and at a certain moment, the evolution 
of gas becomes violent, mid the whole mass exhibits incandescence. A light gi'ey 
residue is then obtained, possessing the metalic lustre and amounting to 90 per cent of 
tile original salt This residue is not pure silver, inasmuch as it stiU gives off cyanogen 
at a higher temperature, and dilute nitric acid extracts silver from it, leaving a broivn 
substance still oontaimng 40 per cent of silver. 

According to Thaiilow (J. pr Chem xxxi. 226), qranide of silver when heated 
gives off only half its cyanogen (1 grm. yielding from 48 to 60 cub cent of the gas). 
The residue partly amalgamates with mercury, whence it appe.ars to be a mixture of 
metallic silver ana parae^anich of stiver. (For further details, see Gmlin’s Bandbooh, 
XI. 371.) 

PABASIGITaXiETIIT. — A product of tbo decomposition of digita- 

losin by diluto siilphvmc acid (ii. 330) 

PABABXPBOSPKOmiriHC'COniPOVirBS. See Feosfhohus-bsses. 

PABA-EBBAOIO ACIB. Syn. with BuFiaAiiLto Aoin. 

PARAPPIW. The colourless, crystalline, fatty substance known by this name is 
the sohd portion of the mixture of oily hydroc,irbons produced, together with a variety 
of other substances, in the dry or destruetivo distillation of various organic bodies, and 
of bituminous minerals, a|i temperatures not exceeding a low red heat It also occurs 
as a oonstituont of many varieties of peti'oleum or nunsral oil, associated with liquid 
hydrocarbons similar to, if not identical with, those contained in the tar produced 
by destructive distillation Native parafSn in a solid state occurs also in the coal 
measures and other bituminous str.ita, constituting the minerals known as fossil-wax, 
hatchettin, ozocerite, &o. As a product of destructive distillation, it was discovered 
in 1880 by Eeiohenbaeh, who obtained it drat from wood-tar, then from .inimul 
tar, and lastly from coiU-Ur made by distillation at a temperature below full red heat. 
As a constituent " ‘ ’ i lovered .about the same tune by Christison, 

who obtained it 1 1 ■ and described it under the name of yieirahnc 

Ettling also o w,ax with bme, and in 1838 Laurent obtained 

it, together with liquid hydrocarbons, by distilling bituminous shale at a tempenatura 
not exceeding a low red heat It has sineo been extracted abundantly both from the 
tar obtained by distilling coal, bituniinoii's shale, lignite, and peat, at a moderate heat, 
as well as from many varieties of petroleum or mineral oil, and its preparation now 
forms a part of one of the most extensive and important branches of manufaoturuig 
industi'y 

The substance known ns paraffin does not possess any chemical individuality, hut is 
mote profa.ibly a mixture of beveral hjiU-ocarbons, just in the same manner that the 
bguid oil generally ns.sociatPd with paraffin m petroleum, and always produced together 
with it in destructive distillation below fuU red heat, is a mixture of several homo- 
logous hydrocarbons. (See Petbomom.) 

The par affin of commerce, when pure, is a solid, colourless, translucent substance, 
perfectly modoroiis and tasteless, somewhat resemhbng spermaceti. It has a density 
of about 0 870 ; melts at from 46° to 66° C , forming a colourless oil, which sohdiflns 
to a lamino-erystaUine mass It boils about 370°, and, when cautiously heated, vola- 
tilises without much decomposition It docs not absorb oxygen from the am at ordinaiy 
temperatures, does not burn easily in the mass, but from a wick it burns with a very 
bright dame. It is insoluble m water, soluble in 2'86 pts. of boding aleokol, but 
separates completely on eoobng m snow-white needles, which are soft, friable, and 
greasy to the touch It is much more soluble in ethir and in otls. It is but slowly 
attacked by strong sulphuric tied even at temperatimes above 100°, not at all by dilute 
mine acid , but, when heated for some time with strong nitno acid, it is slated to 
yield succinic acid together with a small quantity of butyric acid CUnnne does not 
act upon it at ordtna;^ temperatures, hut, aecorffing to BoUey (Ann. Gh. Ph.irm evi 
230), chlorine passed into melted paraffin attacks it slowly, forming a hard but easily 
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fusible aubstitution-pioduct, wMcli he calls cMoraffin Altogether pariiffin is a very- 
stable aud indifferent substance hence its name (tiom pat mn afinis). 

The production of paraffin and of the luiuid hydioearbons— known by the names of 
eupionc, plMtogen, paraffin oil, &e. — ^which accompany it in the tar or oily product of 
destructive distillation, was shown by Eeiehenbach to be a constant result, of carbon- 
isation, or the decomposing action of heat upon all organic substances and minerals of 
organic origin, such as coal, &o, (Journ f Ch Phya. lx 280) He also showed that, 
in order to obtain tbe largest possible amount of these products &om any particular 
material, the most essential condition w.ib the limitation of the temperatnro -within 
such a degree that the vapour of the products resulting &om carbonisation should not 
suffer further decomposition of such a nature as to give rise to the production of a 
largo amount of permanent gas, naphthalene, soot, &c. (Joum. f. Oh. Phys. lid 182). 
The extreme limit of temperature to he applied in the destructive distdlation of coal, 
&e., for the purpose of obtaining paraffin and the oily products allied to it, -was ascer- 
tained by him to be incipient redness, or a low red beat, beyond which temperature he 
showed that a secondary decomposition of those products of true carbonisation took 
place {%hid. hsui 229) Consequently be pointed out that the precautions to be observed 
in conducting destructive distillation, with the object of producing paraffin and those 
oils, consisted m raising the heat gradually, and never allowing the sides of the retort 
to attain a red heat {ilrnl Ixi 178,'lxviii. 229) 

The amount of paraffin contained in the tar produced by destructive distillation 
below a full red heat, is always very small m proportion to the liquid hydrocarbons 
mured -with it. These latter often constitute from 70 to 80 per cent of the crude tar 
by weight, while the paraffin rarely amounts to o per cent., audinoro frequently to only 
1 or 2 per cent,, according to the material distilled. This crude tar also contains a. 
pitchy oil heavier than water, together with ciubolic acid aud its homolognes, pieoline, 
aud other basic oils, &c. The amoimts of these several" constituents, and of hydro- 
carbons contained in such tar, vary very considerably according to the material from, 
which it IS obtained, and determine its value for the purpose of the refiner. The 
physical eharaoters of such tar also differ, according to the proportions of these con- 
stituents , sometimes it is quite solid— peat-tar — more generally it is hquid at the 
oidinary terapeiviture, or at most thick — shale-tar, coal-tar. Its specific gravity varies 
from upwm'ds ot 0 900 to 0 840 

The tar thus obtained from shale or coal differs essenti.ally in every respect fiiom the 
tiir obtiunod in the ordinary process of gas making, in vvhieu the coal is snlijected to a 
bnglit red heat, though some kinds of tar from gas-works, in winch the iieher oamiel 
coals are used, not unfreqnontly oontam paraffin and probably some paraffin oil, which 
have escaped decomposition by reason of the abundance of volatile products given off. 
In such tar, however, these substances are always mixed with naphthalene, homolognes 
of benzol, pitch, &e , so that they cannot be conveniently separated from these latter 'and 
purified (See Tab ) 

The composition of paraffin from several sources is shown in the follcwing table • a. 
Prom Boghead coal , melting at 45 5°. aud solidifying after fusion in a crystalline 
mass — b. Prom the same , melting at 52°, solidifying m a granular mass — e. Prom 
Eangoon tar, melting at 61° — d. Prom peat, meltingnt46 7°. — e. From Chinese wax, 
eeroiene (i 836) ; melting at 57° or 68° — /. Prom beeswax, luelcne (ui. 868) , molting 
at 62°. 


Anderson Brodle.t 



Carbon 86-1 85 0 to 86 3 86 16 84-96 86 23 84 60 85-20 86 31 

Hydrogen 16-1 to 15 3 16 4 16 29 16 06 16 16 14 39 14-23 14 44 

Paraffin has been usually regarded as an olefine or mixture of olefines of high atomic 
weight , but the formula of these bodies C'H’'" requires 86 71 per cent, carbon, which is 
considci-nbly above that in most of the preceding analyses The analytical results are 
111 fact more nearly represented by the formula of one of the higher homolognes of 
marsh-gas, C“’H*“, for example, requiring 86 2 per cent carbon, which agrees exactly 
with the second ot Brodie’s analyses of eeroteno or Chinese wax paraffin, and 0“^-* 
requiring 86 3 per cent earboii, which agrees with the analysis ofmelene or the paraffin of 
common bees- wax Hence it is more probable that paraffin is a homologue or mixture 
of several homolognes of marsb-gas of high atomic weight Tins vicwot its constitution 
is also in accordance with its chemical iiidifferenee, the alcoholic hj-di-ides C'H^"'*'* 
being especially characterised by the feebleness of their combining leiideiicies These 
hydrides when treated with chlorine do not unite -with it like the olefines, hut yield 
• Kep. Blit, Asdne. 1846. Notices and Abstracts, p. 40, J.ihresb. l307, p. 180. 
t Phil. Mag. [3] xxxlil. 178. 
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Buhstihition-prodnets, which is likewise the ease with the parafihi examined hy Boiler 
{vid. Slip.) and with Brodie’s eerotene and malene. Moreover, paraffin appears to ha 
closely related to the hydroeurhons C'H®"'*'* in its mode of formation , it is associated 
with these bodies in petroleum, ospeeinlly in that of Pennsylvania, which has been 
shown to contain the whole senes from marsh-gas up to solid hydroearhons (paraffins) 
of very high atomic weight (hi. 181) , and in the decomposition of coal, &e., the con- 
dition most faYOuriible to the production of paraffin, namely, distillation at a compara- 
tively low temperature, is hkewise that which yields the hydrides of ethyl, amyl, fee, 
in largest miantity Por all these reasons it is most probable that paraffin is an 
alcoholic hydride or a mixture of several alcohohe hjdndes of the marsh-gas series 
* 

Paraffin is siiseeptihle of several useful applications As it hums with a bright 
flame, and is very hard when its melting point is above 45° 0., it makes excellent 
candles, It is also largely used as a substitute for sulphur for dipping matches, and 
Dr StenhoQse has patented its application to woollen cloths to increase their strength 
and make them waterproof.t More extensive however are the uses of the oils produced 
Bimidtaneously with sohd paraffin hy the distillation of coal, &e,, at low temperatures, 
and existing with it in petroleum. These ods, doubtless consisting in great part of 
members of the paraffin or marsh-gas series, differ greatly in density and boiling point, 
as met with in commerce under the names of oupione, photogen, paraffin oil, solar oil, 
&o. j sortie of them hold paraffin in solution and deposit it at low temperatures. They 
are e-xtensively used for bm-niiig in lamps, and to some extent for lubricating 
machinery. 

The more volatilB of these oils haviiig a density of O'SOO to 0 830 ai’e peculiarly well 
adapted for artificial lUumiiiation. ns they consist of hydrocarbons fi'ee from oxygen, 
and therefore pioduce flame rich in incandescent carbon Hence with a property 
regulated supply of air, these oils produce a more brilhout light than that obtained by 
the consumption of an equal amount of ammal or vegetal oils which generally contain 
a considerable amount of oxygen. 

The least volatile of these oils which have a density above 0 860 would be safer than 
many of the fat oils in use for lubncatmg, inasmuch as they do not absorb oxygen, and 
consequently cannot undergo spontaneous combustion when smeared on cotton waste ; 
hut unfortunately these oili generally possess but little body, and are therefore far less 
efficient lubricants than fat oils, so that they can only he used when mixed with the 
latter. In this way however they are very serviceable m rendering fat oils, like rape 
and cotton-seed oils, which become gummy by exposure to air, more suitable for 
use as lubricants than they would be alone The presence of paraffin dissolved in 
these hydrocarbon oils has been erroneously stated to render them good lubricants , but 
that IS not the case, in fact the presence of paraffin is rather a disadvantage than other- 
wise, since the oils containing it are liable to solidify on the jouiuals of machmeiy at 
temperatures little below 60°!?. 

Preparation of paraffin, 

1. Prom Kiortd-far.— Eeichenbaeh extracted paraffin fi^m wood-tar by distnimg it 
and collecting apart the denser portion of the oil which passed over towards the end of 
the operation, redistilling this and collecting the distUlate in sepimate fractions. On 
cooling the least volatile portion of this distillate, paraffin crystaUised out in scales 
which could be separated by filtration and freed from adlieriug oil by pressure 
between folds of unsized paper Or this portion of the diaffllate was shaken with six 
or eight times its bulk of alcohol (36° Beanme, 86 per cent.) whereby the Hquid oil 
was dissolved and a thick mass of paraffin scales precipitated, which were eoUeoted on 
a filter-cloth, Wflshed ivith alcohol until almost colourless, and then crystallised from 
solution in boiling alcohol. (Joiirn f Ch. Phys lix. 437 ) 

2 From coal-tar, in the production of which the necessary precautions as to 
temperature and gradual heating had been observed, Beichenbaoh extracted paraffin 
hy (listilling the cnide coal-tar, and collecting the thick oil constituting the second 
half of the distillate, apart from the more volatile thin liquid oil forming the first half 
of the distillate. By exposing this least volatile portion of the coal-tar oil to a winter 
temperature, paraffin cryatalhsed out in Inminte, and after separating a farther portion 
of oil by another fractional distillation, solid paraffin was obtained by treating the thick 
honey-like portion distilling over last with alcohol as above described To purify this 
paraffin it was agitated for a time with about twice its hulk of concentrated sulphiuno 
acid at from 90° to 100° 0, after which the paraffin separated on the surface as a colour- 
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less liqrad wliieli 6oli(Med on cooling. This, after crystallisation from alcohol, was 
considered hy Eeiehenbiieh to he pure paraffin, so far as the state of chemistry at that 
time permitted him to judge (.Toiim. f. Ch. Phys. hd. 27't-277, 279). A more easy 
method of extracting paraffin recommended by Eeichenbach consisted in separating 
the liquid oil and concentrating the paraffin as fur us possible by repeated fractional 
distillation, then shaking the semi-solid mixture of oil and paraffin with from one fourth 
to one half its hulk of concentrated sulphnide acid, added in successive small portions, 
and digesting this mixture at 50° C until paraffin separated on the, surface, or else dis- 
tilling it. (Journ. f. Ch. Phys. Ixi. 283-287 ) 

Mannfuctumnf Faraffin Oil and Paiaffin — ^Although the application of oily pro- 
ducts of destructive di&tdlation for lighting, luhrioating and other purposes had been 
attempted and to some extent practised long before the discovery of p.iraffiii and 
Eeiohenbaoli’s elucidation of tlie conditions essential for the production of these 
Biihatimces, atdl it was not until after this period that their manufacture was prosecuted 
with auy kind of scientific basis Very soon after that, however, attempts were made 
to mtroduee these products into eommerce, .ind to apply them to the purposes for wliicli 
they were so ovideutly suited The chief desideratum was a material which wa-s cap- 
able of yielding a sufficient amount of oil, &e , to be worked remuneratively. The 
materials which have chiefly been employed or tried for this purpose are the following. 

1. Fiiuminom shale — The first step in the industrial application of Eeichenbach s 
results was made in 1830 by Aug. Laurent, wlio suggested the working of the bitii- 
nimous shale in the Autun coal-measures as a source of paraffin and od for burning 
in lamps. This shale yielded, when gradually heated to a low red heat, about twenty 
or twenty-five gallons of tar or crude paraffin oil per ton, containing a small amount of 
solid paraffin. By fractional distill, ition the tar was separable into light burning oil, 
thick od for lubricatmg, paraffin and pitchy residuum, and these several products were 
purified by successive treatment with sidphuric acid and caustic soda. Sevei'al works 
were established in that district, and at the Pans Industrial Exhibition in 1830, the 
products manufactured there by Selligne were shown, nz . 1. Crude oil or sliale-tar. 
2. Volatile spirit. 3 Od for burning in lamps 4 Grease for machinery. 6 Tar- 
grease 6 Paraffin crystallised, and paraffin candles. This manufacture, though it 
has been continued more or less up to the present time, did not attain any great im- 
portance, partly from the want ot efficient methods of purifying the od, and of suitable 
lamps for burning it, portly also from the remote situation of Autun, andthesnudl 
(imount of od which the shale was cajiablo of yielding. Since then bituminous shale 
h.is been worked at other places, as for instance at Vareham in Dorsetshiie, hut tlie 
small amount of produce has always been an obstacle, especially whde richer materials, 
to be mentioned presently, were worked under special advantages, and while the copious 
supply of petroleum from America continued But now that these conditions are 
ehauged, bituminous shale yielding about the same aierage produce as the Autun shale 
IS being worked with oonsideriible advantage in Scotland 

2 Pt'ij uleum, which generally contains paraffln-od and paraffin ready formed as oon- 
stitii ents of it, was the first material which was siiceessfiilly worked for the manufacture of 
hydrocarbon od, chiefly for lubricating and to some extent for burning About the y ear 

1847, Mr. James Young, then of Manelieater, obtained the right of working n spring of 
dense petroleum (speciflo gi'avity 0 900) which had been discovered in a Derbyshire 
coal mine, and he sucoeedSl m rendering it available during a period of two or three 
years. In 1864 a patent (No. 2,719) was granted to Mr. 'WaiTPu De La Eiie tor 
the manufacture of paratfin and other hydrocarbons from petroleum The raw ma- 
terial which he used was the Eangoou tar already described (p 3). This substance is 
submitted to a current of steam in a eapneions still which can also he heated externally. 
The more vohitdo portion then distils over, and is afterwards separated by rectification 
ill a similar apparatus into products differing in volatility The last portions of the 
residue are then raised to a higher point, while superheated steam is passed through it, 
The last portions of this second distillate are very rich in p.iraffin, which is separated 
as far as possible by cooling and filtration It is then submitted to pressure, and is 
finally purified by admixture with sulphuric acid at 100° C , washing with soda-ley, and 
distillation. The heavy oils separated from the paraffin are said to be well adapted 
for lubrication. The proportion of the several products obtainable in this manner 
from Eauguon tar lias been already given under Naphtha, (p. 3) This Eangoon petro- 
leum was largely worked until about the year 1860, when enormous quantities of petro- 
leum began to be imported from America, and for a time almost superseded every other 
source of supply (see Petholeum) These supplies are now rapidly decreasing 
4. Peat. — About 1849 an attempt was made on a large scale in Ireland to obtain 
parafflu-oil and paraffin by the distillation of peat, hut the yield of enido oil, not more 
than two gallons per ton, was too small to be remunerative. CerUiii kinds of peat have 
however been worked successfully on the Contiiient and in the Hcbrulet.. At the hitter 
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place ua mcli hs five to ten gafions of refined oils and paraffin were obtained from the 
ton of peat A snrious obstacle to the working of this material is the sti'ong dis- 
agreeable smell of the oil obbiined. 

4, Lignite . — This material has been largely need on the Continent for the manufac- 
ture of pai'iifSii-oil and paraffin. About the yp.ir 1800 worlc.s wero established iit Beiil 
opposite Bonn on the Rhino, and at ’Weisseiifelsfp 341). The process isftilly described in 
Hofmann’s Report on Cheiracdl Produeta and Processes in the Internationei Exhibition 
ofI8(i2 The pioducts obtained in the final rectification .are a. Volatile oils called pho- 
togen, and solar oils used for illuminating, 4 Paraffin; r A volatile spirit called benzol;”’ 
d. Phenol or Oarhohc acid obtained as a bye-product by treating the oils with einistio 
soda in their purification, and neutrahsmg the alltahne liquor with sulphuric acid. 

The hquid called “ photogen ” is a rolatilo oil, which, in properly constructed lamps, 
gives a light equal to that of gas, and burns very ecoDomically. The fli’st quality has 
a specific gravity of 0 786 to 0'796, and is as clear as water The second quahty is 
rather yellow, and has a specific gravity of 0 805 The third quality, called “ solar oil,” 
IS yellow, has a specific gravity of 0‘838, and is used for the illumination of rooms, 
streets, railway carriages, aud locomotives. 

The purification of the crude parafifin, separated by refrigeration from tlie paraffin 
oil, is commenced by placing it in centrifng.il machines, by which a further quantity of 
thick oil 18 expelled. The mass thus obtained is then cast into cakes, aud submitted 
to hydraulic presswe, first in the cold, afterwards with application of a gentle heat 
The object of tliis last opeiution is to remove all liydiocarbons having u lower melting 
point than 40° C (101° P) For this purpose theio aro placed on the horizontal 
presses between e.ieh pau’ of paraffin cakes, hollow plates through which water of 35° 
— 40° 0 (05° — 104° F.), 13 made to flow In this way the hydroearbons in question 
are fused and squeezed out. The jivessed paraffin is then heated to 150° 0. (802° F ), 
either over a fli'o or by means of steam, and the melted mass is mixed with 2 per cent, 
of strong sulphuric acid, by me.sns of which all the hydrocarbons, not being paraffin, 
are carbonised, while the pure pnr.ifflii remains uniiltcred The hitter is tlien eiirefuUy 
washed with hot water, aud mixed .ifter cooling ivith the best colonrless photogen, and 
introduced into non jacket-cylinders, in which it can bo kept warm, and whore it is 
filtered through animal charcoal. The paraffin is thus i;endorcd white, and may bo 
completely separated from photogon by treatment with slightly superheated steam 
The paraffin thus obUined is perfectly colourle.ss, niidhoaiitiluUy translucent; it melts 
at 60° 0 (140° F.), and is to hard that candles made of it lire said not to bend when 
exposed to a temperatoa of 30° C (86° F.). 

6. Ooah— The coal from whiehReicheiibach ohtnmed paraffin oil and paraffin was 
the kind eotmnonly used as fuel aud capable of yielding only a small amount of tar by 
distiUution at a low red bi at, piobably not more th.ui ten gallons finm the ton For this 
reason alone it would liaic been impossible to employ .such a material as a source of 
those products, especially at that time. Vimeties of coal and similar mmorals have 
however been discovered since then, some of which are capable of yielding us mttoh us 
100 gallons of cinide tar per ton Amiiieral of this land, somewhat ajipruximatmg to coal, 
or rather intermodnite between bituminous shale and what was eonimouly known as coal, 
occiu's near Bathgate in Scotland, and was hemg introduced for gas-making under the 
name of Boghead gas coal or Camicl coal, just about tlie time when tile stoppage of 
the petroleum spring above mentioned compelled Mr Young to seek another source of 
supply for the roairalaetiire of lubricating and burning oil. After having made many 
ti'wls of different kinds of coal which did not yield by distillation a suffleieiit amount 
of oily products to be worked adviintiigeouBly. or a tar of such a character as is suitable 
for this purpose, Fb. Young fortunately beoauio acquainted with theBogbead or Tor- 
bauehiU mineral in 1860, and finding it to yield by distillation an unusually large 
amount of paraffin-oil, be at once obtained a patent (No 13,292) for a method of "treat- 
ing bituminons coals to obtain par.iffin and oil eontaining piu-.iffin tberefTOin,” which 
consisted m distilling them m an iron retort “gradually heated up to a low red heat,” 
and kept at that temperature imtil volatile products censed to come off. Under tho 
protection of this patent he lias since developed this manufaetiirB into a highly impor- 
biut branch of industry. Oiviiig to the exceptional richness of tho Boghead mineral as 
a source of parafiln oil, it was for a long time impossible to compete with it by working 
Irttiimiiions shale yielding only about twenty gallons of crude tar per ton, althougb tliat 
inatenal was not comprised imder the patent, and up to the year 1860 no other niii- 
tenal was knoivn which could be used for this pui'poae with the same advantage as the 
Boghead miviuriil. Consequeully it was the only matenal used until the Leeswood 
funnel was discovered near Mold m Fbntshiro, a true eaiiiiel coal which juclde nearly 
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na nmeh oil ns the Bogbead mineral, and whieh has since been largely worked for the 
production of paraffin oil and paraffin. 

In the manutacture of these products by the distillation of coal, &e., it is very im- 
portant, for tlio reasons .ibovo stated, to prevent the heat from rising above low redness, 
since at nigher temperatures a considerable portion of the hqnid products are converted 
into permanent gna. 

The following is a list of the principal memoirs relating to paraflSn and allied 
mattera, airaiigod chronologically • — 

1830 Reichenbaeb.— Preparation of paraffin by the dry distillation of wood; its 
properties Sahw. J. lix 436; Ixi 273, liii. 129. 

1832. Ettling — Formation of paraffin by the dry distillation of wax. Ann. Ck. 
Fkm ni. ii. 263. 

1835. Laurent. — Occurrence of paiafflii in the products of the distillation of 
bituminous shale A7in Oh Fharm xm. 273. 

1848,1860. Brodie — ^Paraffin from beeswax and Chinese wax. Ann. Oh. Pkarm. 
Ixvu 210 ; Ixxn 166. 

1849. Eeec Preparation of paraffin by the dry distillation of peat. Thmea, Jidy 28, 

1849 , Oinglpol J oxiii 287, 317. 

1850 James Young. — Specification of patent for treating bituminous coals, to 
obtam paraffin and oil containing p.iraffln therefiiom (Ko. 13,292). 

1861, Kane, Sullivan and Gages — ^The nature and products of the process of the 
destructive distillation of peat. Museum of Irish ludustry, Sapoii to 
Chef Oommiamner of Woods. 

1852 R ei oh enbaoh —Purification of crude pnrofSn by distillation with snlphiuio 
acid Jahrbuoh d k h. gcolog Bnohsanstalt, ui Ko. 2, p 36. 

1863. W Brown,— Preparation of volatile products, especially paraffin, from cools 

and bituminous substances Chcm. Gaz. 1863, p 476 

1864. 'Warren De La Rue — Speoifleahon of patent for the manufacture of 

paraffin and hydrocarbons from petroleum (No 2,7191. 

1865 'Wagenmanu — Manufacturo of paraffin and volatile hydroearhons from coal 
and bituminous shale. Bingl. jml J cxxxvii 36 

1865. Angorstoiii — Prcpaiatioii of simihir products from inferior kinds of hgnite 

or peat Owcf jiol J cxxxvii 49 

1865. Preseiiius — K.\.iiniiiation of certain lignites from the Wosterwald, with 
respect to the products which they yield by dry distillation JDwpi pol J 
oxxxTui 129 

1855. Bngelbneli — Pioducts of the distillation of bituminous sbalo from Werther, 
near Bielefeld Ding}, pol J cxxxvni 380 

1855. n Schroder — ^Products of tho distillation of the bituminous shale of 

Bmohsal. Jhnql pul J exxxvm 437. 

1865. Karmarach — Illiiniiuatmg power and value of paraffin-candles. Dingl. 

pjl. J cxxxviii 188. 

1856. H. 'V'ohl — On theprnduets of the distillation of Rhenish shale {Maiterschifer), 

various kinds of lignite and peat. Ann Oh. Fharm xevii 9, xcviii. 181 — 
Dingt.pol.J exxxix 216, exl. 63 — J pr. Chom Ixvii 418, Ixvih 601. — 
Ohm Gentf. 1856, pp 312, 46G. 

1856 C Muller — Products of the distillation of lignite from the neiglihourhood of 
Anssig in Bohemia. Zatsihr Phnr-m. 1866, p 90 

1866. P Wagenmanu — On tho amount of paraffin, hex , , obtained from various kinds 

of peat, lignite, and shale (p. 345) Omgl. pol. J exxxix 293 —On the pre- 
paration of photogeu .ind paraffin from peat and lignite by distillation m 
furnaces Dmgl.'pol J oxl 461 , Ohem Oenir I860, p 699 — On paraffin 
and photogeu in general Dmgl pol. J. exxxix 302.. — On the distillation of 
paraffin oil and photogeu lu lacuo Omgl pol J. exxxix. 43 ; Ohem. Oentr. 
18.50, p 97. 

1866. Bollford. — Apparatus for obtaining paraffin and mineral oil from shale and 

other bitinninons .substances. Bopertury of Patent Inventions, Aug. 1800, 
Bingl pol J. exxxix 42 

1867. ProeesH (patented m the imme of A 'V. Newton) for obtaining oil adapted for 

lUnmination, from lignite and bituminous shale, by the first distdlation 
Bepertm'y of Patent Inventions, Jsn 1857, Bmgl pul J exxxix 42 

1857. "yohl — On the prsp.iration and purification of solid and liquid distilled pro- 

ducts adapted for illumination, from mineral substances Ann Oh Phai m. 
cui 283. — On the quantities of photogim, paraffin, &e , obtained from tho 
lignite of the Ebon Bingl pol. J cxlin 363 , from the pent of Rostoekina 
in Russia, ibid, exliv. 441 , and from tho Posidonionschiefer of Wurtenibuig, 
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ihi, oxlv. 47. — Report on tho quantities of volatile ffluminating materials ob- 
tainable from, various bituminous materials, •Otid. exlv. 51 — Similar reports 
by P. ■Wagoiimaiin, ibid. exlv. 309; and 0, Muller, tlttd. eslvi. 210. 

1867. 33. Hiibner and B. Korkel. — On the quantities of light and heavy oils, 
p.iraffin, &c , obtainable from various kinds of coah Dmgl pol. J. cxhii 143 , 
Chem. Gcntr 1857, p. 130. 

1867. Th. Engelbach.— General view of the products of the distillation of 
miueral substances, &e , as lUnminating materials, and especially the hitunim- 
ous sand of Hcide in Holstein Ann. Oh. Tharm ciii 1 

1867. B. Hubnor. — On the industrial working of lignites for the preparation of 

photogon, paraffin, &c. JHngl.nol. -J. cslvi 211, 418. 

1857. Orth. — Illuminating power of sehist-oils. Bingl pol. J. osixY. 

1858. Vohl. — ^Further communieations respecting the jireparation of paraffin, and the 

utihsation of the secondary products obtained in its manufacture. Ann. Oh. 
Fham. cvn. 46. — ^lu abstract, together with the results of previous communi- 
cations. J pr. Chem. laxv. 289 ; Mp. Ohm app. i 37. 

1868. C. Sprengel L. Unger — On the dry distillation of lignite and other 

bituminous minerals Singlpol.J exhx. 220, 458 , cl. 130. 

1858. Vohl. — ^Examination of BiU'mcse naphtha or Rangoon tar as a raw materi.il 

for the preparation of photogen and paraffin Dtngl pol J". oxlvii 374. — J 
Barlow. On the tre.itmentof this minerid oil for obtaining a paraffin-like 
substance {Belmontm), bquid hydrocarbons fit for lUumiaatioii, &c. Cosmos, 
XU 613. 

1868. V ohl. — On two illuminating miiterials, viz. Ptnolin (a product of the distiUa- 

tiou of American pine-resin), and Oleons (a product of the hme-salts of fatty 
acids, obtained by precipitating waste soap-bqnor with ebloride of calcium, 
with addition of a small quantity of quicklime). Dmgl pol. J oxlvii 304. 

1869. Hu b n or — ^Further contributions to the manufacture of photogen) solar oil and 

paraffin, from lignite Dingl pol J. ch 119 
1859 Wagenmanii.— New raw materials for tHfi' prepaiiition of photogen and 
paraffin, occiimng in Scotland Dtngl. pol. J oh. 116 

1869. V ohl,— Examination of various bihuninous materials with respect to their 
applicability to the preparation of lUuminatmg materials. DingL pol. J. old. 
306, 390; eliii. 328; Ann. Ch Dkann cii. 182, J pr. Ohm. lixvii. 206, 
Johm. Cenir 1869, pp. 386, 490, 617 , Dip Clum app. i 292. 

1859. J B. Hess. — ^Amount of photogen obtained fimm a peat occurring in Anhalt. 

Dmgl. pol. J. ehn 380 ; Ohm Centr. 1860, p. 164 
1869. 0, Hasse — On illuminating materials, &e , obtained by the distillation of 
GaUician petroleum. Dmgl. pol. J. cli. 446 ; if^. CHm. app. i. 202. 

1869. J. Mitehel — On the purification of paraflm. Dtp oj Daicni Inventions, Xpi:'! 
1859, p 800; Dmgl pol J. chi. 160 — ^Kornot. — On the same. Imidon 
Joiwnal of Arts, Sept 1869, p. 160, Dmgl. pol. J. oliv. 64. — C. G. Muller. 
— On the same. Dmgl pol. J. eliv 227. 

1869. F. 0. 0 el V e rt — On the variations in the composition of coal-tar, according to 
the kind of coal fiom which it is obtained Gompt. rend. xhx. 262 ; Jahresb. 
1869, p. 742 

1869 Antisell. — The mauiifacture of photogonie and hydrocarbon oils from coal 
and other bituminous substanees capable of BUpplymg burning fluids. New 
York and London ; notice of the tame by F. H. Storer. Sill. Am, J. [2] 

XKX. 112, 26 i 

1860. L Unger. — On the composition and occurrence of hgmtes, especially adapted 

for the production of tar, and on the treatment of the tar for obtaining 
paraffin, photogen and tolar oil. Dmgl. pol J elv. 41 ; Chem Centr, 1860, 

L 816. — On the qnabtativo and quantitative diflferences in the tar obtamed 
m lignite, according to its structure and mode of ocoui'rence. Dmgl pol. J. 
clviii. 222 ; Dip Clum app iii, 240. 

1860. H. Perntz. — ^Description of the retort furnaces (for heating lignite) in the 
photogen and paraffin factory of WiUielmshutte near Oschertcheben. Dmgl. 
pol. J. dv, 66 

1860. 0. Zincken.— On the illiumnating power of the products of the distillation of 
hgrute, Sso. Dmgl. pol. J. civ 128, 216. 

1860. Dumonlin and Cotelle. — On a method of rendering heavy coal-tar oil 
adapted for iDumination. Chem Centr 1860, 686 
1860. IV. Schmidt, — On the quantities of illiiminatmg oils, paraffin, &c., obtained 
from vai'ious kuids of Russian peat Okrm. Centr. IBBQ, p 804. 

1800 H. Seinv arz — On the applicability of G-oIlieien petroleum to the preparation 
of photogen and sohui oil. Dmgl. pol, J. chi. 464. 
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1381. VohL — On the canaea of the failiire of many fectories of paraffin and photogen 
Dingl fol J. clu. 376. 

1861. A Q-eeaner. — On coal, petroleum and distilled oils. 8vo NewYort. 

1862. D ullo — On the preparation of mineral oils and paraffin from various raw ma- 

terials, 0!iem. Gentr 1862, pp. 262, 266,— hemg an extract from his work 
entitled “ Die Torfverwerthnng in Europa ” 

1862. B. H. Paul.— On theworkmgofthehituminouspeatofLewsIdand (Hebrides), 
for the same purpose. Chem. News, vi. 221, 243. 

1862. A. H. Church — On the oils obtained from Albertite. Chem. News, vi. 122; 
Sip Ghim. app iv 410. 

1862. P er utz — On the reooveiy and utilisation of the iiAd and alkaline liquids em- 
ployed in the purifloation of mineral oils J)ingl pol. J. dxili. 66 

1862. Stenhoiise. — Apphcation of paraffin to the impregnation of leather and tis- 

sues, to render them air- and water-tight. LondmJ^!mrn<dafArU,Se:v\Awh(<s 
1862, p 164 , JDmgl. pol J exlvii. 72. 

1863. E H Paul — ^Destructive distillation, considered m reference to modern In- 

dustrial Arts Jour. Soc. Arts, xi. 470 , Chem News, vii. 282, viii. 66, 78 
1863. G Thenius, — Examination of pent from Salzburg and lignite from EUnbogen, 
with regard to their adaptabili^ for the preparation of photogeii and paraffin. 
Stngl pol. J. clxix 362, 467, clxx 296, 361. 

1863. H. Lahore — ^Description of an apparatus with revolving retorts for the distil- 
lation of schists, asphalt, &o. Ihngl pol. J olxx. 104, W. M. Williams, — 
Description of reverberatory furnaces for similar jiurposes. Le TeoJmologtste, 
June 1863, p 468 ; Dingl. pol. J. clxx. 106. 

1863 Breitenlohuer— Process for improving heavy oils obtained from peat-tar 

and rendering them fit fbr dlummation. Dmgl. pol. J. cxIVu. 378; Bull. 
Soo Churn, vi. 71. 

1863. A W. Hofmann, — Report on chemical products and processes in thb Inter- 

. national Exhibition of 1862, pp. 138 — 144. ^ 

1864. B. H. Paul — Artilioial light and lightmg materials Jour. Boo. Arts, xii. 

311; Jour Franklin Institute, 1866. 

See also the several volumes of Wagner’s jahresberioht iiher die Fortsehntte und 
Ldstwngen der ohemiisohen Technologie, Leipzig, 1866 — 1864. B. H. P. 

PARAGIiOBXTXiAJtETISO'. See GnonULOBU. (ii 846). 

PASAGtTAT TBA or Yeiba-mate — The dried leaves and twigs of Fsoralea 
glandtUosa, L , Bex paraguaymsis, St. Hilaire They contain caffeine, !•! td 1 2 per 
cent, according to Stenhouse (Phil Mag [3] xxiii. 426), 0 44 per cent, according 
to Stahlsehmidt (Pogg. Ann. cxii. 441). 

PABAHBXYI.BXB. Syn. With j8 Hexylene. (See Hextliot, iii. 166.) 
FAKAZiACTXO AOIS. Syu. witli Saboolaoiio AciD. (SeeLACTio Aom, hi. 457.) 
PARAXiBirniiiT. See Albumin (i 68). 

PABAliDBilVDEi. The hqiud modification of aldehyde obtained by Wei den- 
biisoh (see AiDEYiiTrai, i. 109) According to Lieben (Jahreab. 1860, p 103), it 
is also produced by heating aldehyde with ethyhe iodide to 100“ in a sealed tube. It 
melts at 12°, boils at 123°— 124°, and has a vapour-density of 4-71, agreeing nearly 
with that calculated fur 2 vob from tile triple formula of aldehyde, G'n’O® It is 
probably idoiiticiil with the modification of aldehyde which Geiither and CartmelZ 
obtained by the action of sulphurous acid upon aldohj'de (melting at 10°, boding at 
124°), perhaps .dso with Pehling’s elnldehyde A body having the same properties, 
excepting that it melts at 4°, is produced by satm-ating aldehyde with cyanogen gas, and 
leaving the solution to itself in a sealed tube for some time at the ordinary temperature. 

PARABliBBOSTEiBIsnx, Compounds analogous in composition and exliibiting 
equal differences of atomic volume, ore called by Scheerer, paralldosterio compounds. 
(See laoiiOBPHiSM, hi. 432 ) 

PABAXiOGZTB. A silicate of aluminium, calcium, and sodium, intergrown with 
lapis lazuli, from the neighbourhood of Lake Baikal, in white four or eight-sided 
prisms, harder than quartz, havmg a specific gravity of 2 666, and melting before the 
blowpipe to a colourless glass. It contains, according to Thoreld, 44-96 per cent 
sihea, 26'80 alumina, 14'44 hme, 10 86 soda, I'Ol potash (with 1-86 loss) (^Bammels- 
beig’s Mtneralohemie, p, 778). According to Kokscharow, N. Petersb. Acad Bull, 
i. 231), It has the same angles as mejomte, and may be regarded as a variety of 

PABAm. A substance isomeric with cyanamidc, CH*N", produced by the action 
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of carbonitt auliydndfl on aodamidp. It erystallisea in concentric groups of flue silky 
prisms, soluble in water and alcohol, molting at 100° when dry (cyauamide melts at 
40°), and tolidifying again in the crystalline form at about 180° It is further dis- 
tiiiguisbed from eyanamide (li 188) by not forming either a yellow silror compound 
or a brown copper rutnpouna. Cyannmido eliangee into parain when left to itself for a 
longtime. (Beilstoin and Geiither, Ann Ch Pliarm cm 88) 

FARAIHCAltEilC ACID. Syn with PuiUKio Acid (ii 741). 

FAKAlHAIilC ACID. Syn with I)icii.Ycoi.HO Acid. (See GnYOOLiJoAcm, 

11 . 912 ) 

PARAKEBCOKrze ACID. Syn. with Combnio Acid (i. 1103). 

PARAIWEM'ISPBDMlIsrE. See McNiapUBHiNE (iii. 880) 

1 Mui,Dmo Acid, Amiiies of (in. 873). 

PARAnxiDOBEKTZOIC ACID. Syn. with Pabaosybenzamic Acid (p, 352). 

PARAMoaPKIHirB. Syn With TanBAaNB 

PARAIWOKPHOWS CR'VSTAZ.S. This term was first applied by "W Stem 
and afterwards adopted bySclioeror (.1 pr. Chem Im 00), to designate certain 
paeudomorplia in winch a change of molecular structure has taken place without alter- 
ation of oxfemal form or chemical constitution for example, the inonoclinio crystals 
of fused sulphur, which gi'adu.illy become oiuiquo and are then found to be made up of 
orystallino particles h.anug the tninctno foim of sulphur eiystiillised from fusion at 
low temperatures (A 332), also crystiK of ariagonito (trimotric) altered internally to 
oalotpar (rliombohedrul), and of iron pyrites (monoiiietric) altered luternally to uiar- 
casite (trimetno) Sen eer er also regards as paramorphs, many instiiucos of pseudo- 
morphism in which a cbniigo of eheniic.il composition has taken place as well as of 
molecular structine, e.q the crystals of sciipolito oceurrmg at Snaium and Krageroe, in 
Norway, which consist of crystallo-gianuUr maeses of orthoclase or albite, supposing 
that those niiiiorals aie dimorphous and sunietinies crystallise m the form of scapolite. 
Por a full discussion of the subject, see Scheerer’s .irticle Pakaiiobphosb in the 
Ilandwoiterhuch der Otnuie, n 63, also Johresh 1852, p 302, 1863, p 860, 1854, 

pp 872, 888 

PABASXVCIC ACID. An isomeric modification of mneio acid produced by 
prolonged boiluig of tlio latter with water (iii, 1067). 

R ARAmYESlTE or Mtanylcnc G'W — A polymeric modification of amyleno 
which passes over at 160°, when amylic alcohol is distilled with chloride of zinc. 

RARATCYDON'E, The name given by Gottlieb (Ann Oh. Pharm. Ixxv. 51) 
to small grains resembling wheat-starch, which are contained in considerable quantity 
in EugUna mndts, a species of infusorium. They are white, insoluble ju water and Ahito 
acids, and have the composition of starch. At 200° they? are converted into a tasteless 
gummy mass, soluble m water Puming hydroehlono acid converts tliam into glucose 

SARASTAPHTHAI.EM'E or AWTKRACEWB. — A hydrocarbon 

discovered by Dumas and Laurent m 1832 (Aun Oh. Phys. [2] 1. 187), further 
examined by Laurent (lifd lx. 220; Ixvi. 149, bom 415), Pritzscbe (Ann. Oh. 
Pharm. oix. 219), and more completely by Anderson (Eliiib Phil Ti.ina. xxii. [3] 
OSl , Cliem Soc Qn. I. xv. 44) It is produced in the dry distillation of coal, bitu- 
minous shale and wood, and is eoiit.iiiied in the last hi avy and semifluid portions of 
the t.U', at liist together with naphthalene, finally with ohryaene A eommereial pro- 
duct of this kind, used as a Inbneator for machinery, is yellow, soft, sumcwhatlike 
palm-oil, and contains, besides anthracene, a small quantity of naphthaleuu, and a 
much leas volatile empyreumatic oil 

Preparation , — Crude eommereial anthracene is distilled from an iron retort, and the 
colourless portions which pass over at the beginning are presseil to remove the oil, 
and purified by repeated cry staUination from benzene, or by subbniaMon. The coloured 
IiortiouB which pass over at a Inter stage of the distilUtioii, urn obtained colourless by 
repeated rectification, tlien puiified in the eame mnniior (Anderson.) 

Fritzsche immediately dissolves .anthiaetne, obtained by picssuro and reerys- 
tallisation, m boding benzene, together with excess of picric acid, whereby crystals of 
the pierate are obtained on cooling Prom this compound .intbr.ieeiie may bo separated 
by ammonia, and purified by reerysbillisation from alcohol 

Proprrties —Anthracene forms small colourless lamin®, which oxhihit a silky lustre 
when immersed in alcohol, bat become dull when dry. The laminoe which separate 
from .solution in benzene, ,ire less lustrous and somewhat gi'aunlar (Anderson). An- 
thraceue melts at 218° (at 180°, according to Duma* and Laurent; at about 210°, 
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according to Fritzsch e) to a eolourleBs liqnid, -winch sohdiflcB to alamino-eryslullnio 
mass- on cooling. It sublimes slowly at the heat of the water-bath, more quickly lu 
thin larainee, at a stronger heat, and distils without decomposition at a still higher 
temperature (Anderson), above 300° according to Dumas and I,anrent. It is 
inodorous if free from ompyreumatic oil; tasteless Specific gra-nty I'lil (Eeichen- 
bach) Vapour-density, obs = 6-74 at 4o0° (DumasandLanrent), calc, = 617. 

Anthracene is insoluble m water, but dissolves e.ieily in boiling alcohol, more abun- 
dantly in ether, bensene, and volatile ods (Anderson), especially in oil of turpentine 
(Dumas and Laurent) It is not altered by alkalis When it is dissolved together 
with excess of piono acid in boiluig benzene, the liquid on cooling deposits deep ruby- 
coloured ciystals of piorate of anthracene, O'-*!!*" G“H”(NO®)“0. This compound 
melts at about 170°, and is decomposed wholly or partially by water, alcohol, and 
ether, which dissolve out the picric acid. (Fritzsche ) 

Decompositions — 1 Anthracene dissolves in ml of mtriol, with green colour, and 
forms a conjugated acid. — 2 In contact w'itli bromine, either liquid or gaseous, it is 
slowly converted into hexbromanthraeene 

3 Anthracene exposed to a slow current of cldonne-gas for not loo long a time, is 
converted into hydroohlorate of ehloranthracene, a sm.ill quantity of hydro- 
chloric acid gas being evolved at the same time Exposed for a short time to a rapidcur- 
reut of ohlorme, it becomes heated, and forms hydrochloric acid mid ehloranthracene 
When heated in chlorine ^as, it absorbs a much larger quantity, gives ofiF larger 
quantities of hydrochloric acid, and exhibits im incre.ising amount of chlorine, till after 
eight days, a semi-fluid product is obtamed, which, by solution in etUor and evapor- 
ation, IS resolved into an oily and a orystalhsable chlorine-compound (Anderson) 
The crystals arc soluble in alcohol, ether and benzene , contain 47 6 per cent. 0 and 
2'56 II, and are, perhaps, C'H'Cl® (calc. 47 39 per cent. C, 2-64 H) or perhaps a 
mixture. The oil treated with alcoholic potash, yields more than one orystalhsable 
substance (Anderson J 

4. Anthracene is but slightly attacked by cold mino amd, but by boiling for several 
days -with nitric acid of spooiflo giavity 1 2it is converted into oxiinthraoene,. Nitric 
of specific gravity 1 ’4 likewise forms oxanthrneene, but mixed -with other products , if 
fuming nitric acid he added at the same time, dinitroianthraoeno is also produced 
These compounds separate out on cooling, whilst a erystivlhsable acid renuvms in the 
niother-liqnor Tins substance, Anderson’s anthaceme acid, obtained by careful 
evaporation, is easily soluble in water, and forma crystalhsiible compounds with ammonia 
and potash, msoluble salts with bai'yta and oxide of lend (Anderson ) 

Laurent, by treating nntbraceno with nitric acid, obtamed four nitro-eompounds 
(iiud oxanthi’aoone), the formula and independent existence of which arc doubtful 
(See Gmehn’s Handbook, xvi 186.) 

Derivatives of Pat anaphthalene or Antkraoene 

Bromantbracones. (Anderson, loo. mt.) — ^Whon a thin layer of pulverised 
anthracene is placed, together with bromme, under a bell-jar, and the mass which forms 
after a few days is pulverised and again exposed to the bromine-vapours, this treat- 
ment being repeated as long ns the bromine continues to be absorbed, andtbe bro-wn muss 
then dissolved in benzene, the solution on coohng deposits hexbromanthraeene, 
C'-’H^Br®, wliieh, when reorystallised from ether or from benzene, forms small, white, 
hard, apparently rhombic crystals It is sparingly soluble in u/co/W, ct/tci-und bmsene, 
turns brown at 176°, and melts at 182°, -with evolution ofbrominc When heated with 
oil of vitriol, It molts, and gives ofi’bromine and hydrobromic aeid It is but slightly 
attacked by niti lo acid — With alcoholic potash it aeqnu’es a yellow colour, aud forms 
bromide of potassium and bromide of dibromantliraeene. C''‘II"Br“ I5r“, which, 
when recrystalhsed from benccne, forms long yellow needles, having a fine siUiy lusi re, 
and melting, with partial decomposition, at 238° They are neiu'ly insoluble in cold 
benzene, and soluble only in benzene heated above 100° , still less soluble in alookol 
and ether, either hot or cold. 

ehloranthracene. C“II“C1 — ^This compoimd, obtained by subjecting anthrnceno 
to the action of a rapid stream of ddorine for a short time only', forms small, hard, 
crystalline scale.s, soluble in alcohol, ether and benzene (Anderson ) 

HydrooUmate of ehloranthracene, C'-'lI'Cl HGl — To obtain this compound, cold 
chlorine gas is passed in a slow stream over anthracene, and the resnltins mass is crys 
taUised by solution in benzene aud cooling, Laurent introduces pnlvonsed anthra- 
cene into a bottle filled with chlorine, dissolves out the antbracone which remains un- 
altered after 48 hours, with a small quantity of boiLng etlier, and crystalhses the 
nndissoh ed portion from a largo quantity of boding etlier It foi ms radiate needles 
often very long (Anderson), yellowish, shining liimina?, fusible and volatile (Lau- 
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rent). It is easily 801111)16 m alcohol, to wliicli also it gives up a small quantity of 
hydrochlonc acid, ' slightly soluble in ether. Mcoholic potash converts it into chlor- 
antliraoene. 

Ozantbraoene. 0‘*H“0’. 'Paranaphlalesc. Anthraccnnse. (Laurent, Ander- 
son.) — ^Wheii atitlmieene is boiled for some days -with nitric acid, a resin is formed 
which becomea gramdar on cooling, and when washed with water and reerystolbeed 
ftoni alcohol or benzene, forms light reddish-yellow cry.slala of osantliraceiio, fusible, 
volatile without decomposition, and aublimiug in long needles 'Wlion heated 'on 
platinum-foil, it burns with a smoky flame and without residua. It is neutral, insoluble 
in water, spaiingly soluble m alcohol, somewhat more soluble in benzene (Anderson), 
nearly insoluble in boiling ether, and in hot coal-tar oil (Laurent), It dissolves in 
boihng mine acid of speeiflc gravity 1-4, and crystalhaes on cooling ; also in strong 
sulphuric acid, and is repreapitated by water (Anderson). It is not altered by hot 
hydrochloric acid, loj potash-ley or gmch-ltme, not oven when sublimed over the latter. 
When it is heated in a test-tube with concentrated hydriodio acid, white scales re- 
sembling stilbeue condense in the upper part ; C“HW + 8HI = + I® + 

2H®0? (Anderson.) 

Dimtroxanthi acene, C'H'N'O* =» C”H“(ir0®)®0'-. — When anthracene is boiled with 
aitnc acid, and portions of tho fuming acid are added from time to time, rod fames are 
oontinuoudy evolved, and the anthracene is converted into a resinous mixture of 
oxanthraoene and dinitroxauthracenc. From this mixture the dmitroxanthraoene may 
be separated, by heating with a small quantity of alcohol and coohng, as a red powder 
having very littla of the crystalline character. (Anderson ) 

FARAlfflCEWE. The name given by St Evre to a solid hydrocarbon, 
which he obtained by distilling ohloronieeio (chlorobenzoio) acid (i 921) with caustic 
limo or baryta Fuming mtrio acid converts it into a nitro-compound, 0'°H’'(N0®). 

PARAWICIWB. A base produced by the action of sulphide of ammo- 

nium on nitroporauicone. It dissolves lu acids, forming crystalhsable salts, and is pre- 
cipitated fi'om the solutionsin snowy flakes soluble in ether. (St. Evre. See Gorhardt’s 
Tmti, 111 66 ) 

PASANIIilWE. C'H'W. (Hofmann, Proo Boy. Soo. xii 814.)— During 
the preparation of aniline on the large ecale, several bases of high boihng point are 
produced They are to be found in the residues which rejn am in tho stills in which 
the crude aniline is rectified. By distilling these residues and fraotionating the pro- 
ducts, a variety of bases ,ire obtained, among which may be mentioned toluylene- 
diamiue, martylamxne C'*H"1I, and paraniline 0'’H"N“. 

Preparation. — ^When the fractions boiling above 330° are treated with diluto sul- 
phuric acid, a semisohd erystalhne mass is obtamed, consisting of two sulphates of 
different degrees of solubility, the more soluble being the sulphate of paramline, the 
loss soluble the sulphate of martylamme. On decomposing the more soluble salt with 
caustio soda, a viscid basic oil is produced, which after some days soUdittcs to a semi- 
Bohd crystalhue mass. This is to be purified from adhering oil by pressure between 
folds of flltering paper, and crystallised firat from water, and subsequently once or 
twice from boiling alcohol Paraniline forms long white silky neeiUes, fusible at 192°. 
It bolls above tho range of the nieienrial thermometer, but distils without decom- 
position 

Salts of Paraniline, — ^Fromasolution in strong hydrochloric acid, a beautiful hydro- 
chlorate crystallises in ti'nnsparcnt six-sided plates, which when dried at 100° have the 
formula 2HC1 H*0. On treatment withwaterthey are immediately converted 

into sparingly soluble yellow needles, which at 100° contain HGl H“0, and at 

115“, C'“H''N“HCL— The^frfrjiian-anfr, 2C”H'-‘N'-.H-GlhPt'vCP(atllO°), forms yellow 
needles of sparing solubility — The nitiate, C’®H'-'N® HFO“, forms short yellowish 
needles grouped in stars — Sulphates. On dnssolving paraniline in dilute sulphiuic acid, 
a salt easily soluble in water is ohtmned, having the formula C'®H‘'N® H“SOh Treated 
witli excess of base, it yields a salt containing 2(0'®!!' 'N-)H'-'SO'‘. 

Ethylated derivatives of Paraniline. The action of iodide of ethyl on this base 
results in the formation of two ethylated bases, namely C'-H'®(C®H®)N-' and 

C. G. W. 

FARANTITBOBEXirZOIC ACID, Syn with NirKODnAcvi,io Aoin (p 60). 

PARAtNTHZXr. A name apphed to certain compact varieties and white mid pale 
blue crystals of scapolite. 

PARA-OXYBENZAiaxc ACX1>. CrS’NO’. Pai amidoheneoic, Oxydracylmmc 
or Amidodi acyhc acid (G. Fischer, Ann. Oh. Pharm. exxvu. 142 — ^IViibrand and 
Boilstei n, ibid, oxxviii. 257,)— An acid isomoidc with oxyben^amic acid, produced by 
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itlio action of siJpliurie acid on nitrodraeylata (paranitrobpnzoata) of ammonium 
(iFisolier), or by the action of tin and iiydio^ono acid on mtrodraoyiie acid 
(Wilbrand andBeilstein). "When 1 pt. of nitrodracylio acid (p 60) and 2 pts, of 
tin are treated with, concentrated hydrochloric acid, and the filtrate evaporated, colour- 
less needles or laminae are obtained, consisting of the compound C’H’NO'' HCl, which 
by solution in ammoma and supersaturation ivith acetic aeid| yields crystals of paraoxy- 
benzamie aad. A quicker method is to precipitate the acid tin-solution with sodic 
carUbnateandsupersaturatethefiltratewitli acetic acid* fWilbrandandBeilstein ) 

Paraoxybanzamic acid crystallises in yellowish, highly lustrous capillary crystals, 
which melt at 197°, and are not coloured (like oxybenzamio acid) by contact with air 
and water (Fischer) . ni reddish interlaced threads, shining erystalUna tufts, or small 
rhombohedrons meltmg at 188° or 187° ("Wilbrand and Bailstein). When heated 
with potash, it 18 resolved (more easily than oxybanzaune, less easily than phenyl- 
oarbanuc acid) into carbonic anhydride and aniline. Wilbrand and Beilstein regard it, 
however, as identical with the latter (Chancers earbanilic acid). "When mtrous acid 
.vapour is slowly passed into a boiling solution of 1 pt paraoxybenzaimo acid in 120 to 
126 pts boiling water (with other proportions a different reaction takes place) tUl the 
liquid, which becomes dark in colour and gives off uitiogen, deposits on evaporation 
flocks which assume a resinous consistence, the filtrate yields at a certain degree of 
concentration, crystals of paraoxybenzoic acid, C’H'0®,E*0 (Fischer.) 

Agv-paraaxybemamic aoid, C“H"N’0‘, isomeric with ihazohenzo-oxyhenzanuc acid 
(p. 292), separates on pouring nitrous ether (alcohol saturated with mtrous acid), 
on a cold saturated solution of paraoxybenzamic add, as a yellow crystalline body, 
which IS decomposed by hydrochloric acid in tlie same manner as diazohenzo-oxybenz- 
anuo acid, yielding hydrochlorate of paraoxybenzamic acid a ndpai'acholorobenzoic aoid 
(p. 8il). Nitrous acid passed mto a hot alcoholic solution of azo-parooxyhenzaniic aoid 
forms ^dehyde, together with an add O’H'O’, different from aalyhe, and probably 
identical with ordinary henzoio acid (see the second equation on page 29S). (W ilbr and 
and Beilstein.) 

PABA-OXVBBMZOIO ACID. C’H'O". (Saytzeff, Ann Ch. Pharm. oxxvii. 
129.) — An acid isomeric with oxybenzoic and with salieyhc acid, produced by heating 
anisic acid with concentrated aqueous hydriodic add to 125°— 130° for twelve to sk 

C»HS0» + HI - C’H»0» -r CH»I, 

also, according to Pischer (p. 361), by the action of nitrons acid on parao:^benzamio 
acid. It crystaUiaes from hot water (according to A. K n op ’ s determinations) in small 
monoolinio prisms, exhibiting the oombmation coP oP ooPoi , with the following 
approximate values of the angles ; ooP • coP in the orthodiagonal principal section, 
= 140° , ooPoo coP = 110° , oP . oePoo = 106° 80’ , oP coP = 86° It dis- 
solves in 126 pts of water at 16° , more easily in hot water, alcohol, and other; has a 
sour taste , contains when air-diied, 1 at water (O’H’O* H'‘0) , becomes anhydrous 
at 100° ; melts with partial decomposition at 210°, and solidifies between 160° and 
170°. It IS distinguished from salicylic acid by its melting point and solubility 
(Biiheyho acid melts at 160°, and requires 1000 pts of cold water to dissolve it) , by 
foimung with feme chloride a yellow iirecipitate soluble in excess, without violet 
coloration , and by the much greater facility with which it is resolved into phenylio 
alcohol and carbonic anhydride Prom oxybenzoic acid (p 206) it is distinguished 
by Its crystallmo form, and, according to Saytzeff, by its behaviour when heated to 
the subhming point (oxybenzoic acid, according to Fischer, crystallises in anliy- 
drons rectan^ar pnsms, melts at 200°, and sublimes almost unaltered even when 
quickly heated , according to Gerland, however, it splits up into carbonic anhydride 
and phenylic alcohol). 

Paraoxybenzoic acid forms with the alkalis, easily soluble salts, difiacult to crystaUiso , 
with the alkaline earths and with tlie oxides of zinc and cadmium, it forms salts which 
are likewise easily soluble, but crystallise well. Hhacadmium-sdlt, C‘^H"’Cd"0“.4II®0, 
crystallises in laige well-defined rhombohedrons , the sdvarsdt, 2C'H“Ag0“.6H*0, 
crystalhses from boiling water in long needles 


PABAPECTXO ACID and PABAPECTIN. See Pbctio Acin and Pectw. 
PABAPaOSPHODZO ACID. 

FHOBUS, OXYGEN-AOIDS OP) 

0'“H”N*? (Anderson, Ann Oh. Pharm lx. 


of dibasic phosphone acid (see Phos- 
.) — A 


:r with tin and hydrochloric ncid, yield! the i 
‘—"'•""it with solphydric noid, .immonln nod « 

inranltrohenaoic) .<cld I 
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taae poylmerio with picoHno (C^Ttr), obtained hy treating picoline with 4_to J of ita 
weight of sodium at the hoiUng heat for several days, treutmg the hrown resinous mass 
tliorehy produced with water, which dissolves soda and leaves a heavy viscid oil, wash- 
ing the latter with water, distilling, collecting apart the oil which passes over it at a 
high temperature, and Tectifjiiiig. 

The action of the sodium in the conversion of picolme into parnpicoline has not heen 
exactly mads out A largo portion of the metal remains unaltered , part of it how- 
ever enters into combination, probably forming the compound C*S“NaN (no evoln tion 
of hydrogen was however observed), which is subsequently converted into parapico- 
Ime, as shown by the equation. 

2C“H<>NaN + SffO = + 21iraaO. 

Pawpicohno, obtained as above, is an oil of specific gravity 1 077, and boiling between 
26Q° and 316°, It is insoluble in water, soluble in all proportions in aleohol, ether, 
and oils, and has a peculiar odour dififerent from that of picolme, hut resembling that 
of the bases obtained from hone-oil at very high temperatures It blues reddened litmus, 
is partially resinised by strong nitric acid, and forma with eupnc sulphate an emerald- 
green precipitate, the green solution of which in hydroehloiic acid contains a double 
salt. 

The salts of parapicoline are for the most part uncrystalhsable. The Tiydroohloraie 
is a resin easily soluble in water — The chtoro-aurate is yellow, amorphous, not decom- 
posed at the boding heat ■—'Sh&plaitnwm-siOt has the formula Pt"Cl* — 

Mereiirio cMonde forme with the olcoholie solution of parapicoline an abimdaet eiirdy 
precipitate, insoluble in water and in alcohol, easily soluble in bydroohloric acid — The 
mtraU remains on eraporation as a syrupv liqiud, which slowly sohdiflos to a muss of 
needle-shaped crystals — The erdphaie is u gummy mass, easdy soluble in water, less 
soluble in aloohol. 

PARAKBOOBOBETm. See IaiApik (lii 438) 

P ARASACCBABOSS. A modification of cane-sugar, said to be pro- 

duced under certain circumstances when a solution of sngav-caudy and phosphate of 
ammonium is exposed to the air in the snmnier season, between June and September. 
It is orystuUisable, and has agreater dextro-rotatory power than caue-sngar. (V J o d i n, 
Oompt rend, hii 1262; Iv 720, Ivii. 434; BAp Chim app. iv. 38; Pull. Soo Ohim. 
1863, p. 93 ; 1864, p. 278 ; Jahresb. 1801, p. 722 , 1862, p. 472 , 1863, p 672.) 

PABASABICTI.. Sdiophde of Benzoyl, = C’H'O^.C’H'O , also 

called Spinn. (See SAMO-ntiUES ) 

PARASITES. Chatiii (Compt. rend Ivin 771) adduces several examples which 
seem, to show that parawtical plants possess the power of altering the juice of the plants 
DU which they grow. Thus niisletoe (Vuauw album) growing on the oak does not 
oontahi a trace of quercitaumo acid , Loranthws growing on 8t)'ychnoo is not poisonous , 
Hydnora, a parasite growing on African Euphorhaoea, is used lis food, Oi-ohanche does 
not exhibit the narcotic properties of hemp , and tlie rod juice of Cytinus is not found 
in tile Oistiu on which it grows Chatin finds moreover that Oytineee and orobanohs 
give off carbonic acid lu sunshine, and hence concludes that phanerogamous parasites 
which are not green -coloured, alter the jiiiee of the mother-plant. On the otlier hand, 
green perfect p.iiasites ( Pisewm), and more or less coloured semi-paraeites (Afriom- 
pyrum, anensc) decompose earhonie acid like other plants. 

PABASOBBIC ACID, See SOBBIO Aoin 

PARASTIX.BITE. A zeoUte from Thyrill on the Hvalfjordr in Iceland, con- 
taining, according to v. Waltersliaiison, 61 87 per cent, silica, 17'83 alumina, 7 32 lime, 
2'00 soda, 1"78 potash, and 9 20 water (=■ 200), which may be represented approxi- 
mately by the formula M’0.2SiO®+ a[1-’0''.4SiO* + 3H®0. 

PARASriiPHATAntBlOW. See Sui.ruUDDE. 

PARATABTABXC AOXB. Syu with Eaobmio Acid 

PABATABTBAMIDE. Syu with KACEUAxnnB. 

PARATABTBAI.IC AClD.l o_.. .. , 

PABATABTBBMC ACIB.| /I”' Aorn. 

p ARATABTROvm'XC ACID. Syu with ETHyn-EAcasMio Aom (see Eaobmio 
Etueus). 

PABATBXOBIC ACID. Au acid isomeric with ethyl-Bulphuiio acid, not known 
in the fiTc state, hut produced as a harinm-aalt, when a solution of barytio ethyl-sul- 
pliate is boiled. The liquid tlien becomes turbid and acid, depositing sulphate of 
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biu‘iiira, and if the di'posit be romorpd and tile filtrate saturated with carbonate of 
barium, a orystallisiible barium-s.ilt 18 obtained having the composition of ethylsnlphate 
of barium, C'H'”Ba''S’0®, but dtgtingnished from that salt by not decomposing when 
its aqueous solution is boiled 'When calcined, it swells up like the isethionate (in. 
131), but at the same time gives off vapours of heavy wine-oil, takes fire, and then 
burns quietly. (Gerhardt, Compt Ohim. 1816, p. 176.) 

® ARATOIitTENE or FAEATOXiTTOE. A hydrocarbon, isomeric or polymeric 
with toluene (hydride of bensyl, i. 673), supposed by Church (Chem. Ifewa, Dec. 31, 
1869 ; Zeitaohr, Ch Pharm. 1860, p. 114) to ejast m light coal-tas oil. It boils at 
119 6°; toluene at 103'7°. 

PAREIiIiIC ACID or PARElilI»r. ? (Schunek, Ann. Ch. Pharm. 

liv 274.) — An acid sometimes obtained, together with lecanorio aeid, in the prepara- 
tion of the latter. The hchens may he exhausted with boding water , the solution 
evaporated to dryness after boiling for some tune ; the residue digested in boiling 
water, which dissolves the orsellinie ether (p. 236) produced by the mutual action of the 
alcohol and the leeanono acid; and the undissolved portion taken up by boiling 
alcohol The alcoholic solution on coolmg deposits paroUio acid in the crystalluio 
form. 

Parellie Sold forms colourless needles, very shghtiy soluble in cold water, soluble m 
aholtol and in sWier,' the crystals deposited by slow evaporation are nsnally brUliamt 
and very heavy. The alooliohc solution has a very bitter taste, and reddens litmus ; 
water precipitates the parolUo acid from it in the form of a jelly. The crystade give off 
6 51 per cent, water at 100°, and the dried 'acid yields by analysis 60‘7 — 61 8 per 
cent carbon and 3 4 hydrogen, the formula CH'O* requiring 60'7 carbon and 8'S 
hydrogen. The acid is perhaps produced by the metamorphosis of lecanorio acid; 
thus 

= 0'H*0' + C’H«0» + ffO. 

Leranorlc Psrelllc Orcin. 

acid. acid. 


Sehunok represented parelUo acid by the formula O^'inO". 

Parellio aeid melts lAeu heated, and at a higher temperature gives off an oil which 
solidifies on cooling; also a sublimate of long needles By prolonged boiling with water 
It yields a yeUow, hitter, unorystalhsable substance. It is not altered by boding dkohoL 
It IS deeomposod by hot nitnQ aeid, with evolution of nitrous vaporasond formation of 
oxaUo acii Aoet%o acid dissolves it more easily than water When heated with 
caustic pntaah it swells up, and is converted into a gelatinous mass which gradually 
dissolves, and the solution yields ivith mineral acids a gelatinous precipitate of pareHio 
aeid. But if the alkaline solution he previously boiled, it does not yield any preoipi- 
tiite on addition of an acid, but after some time deposits small, shining, octahedral 
crystals, which melt ui boiling water before dissolving, iwe easily soluble in eold alcohol, 
and separate again on evaporation; they dissolve also in oaustie baryta, forming a 
solution which deposits carbonate of barium when boded. Baryta and lime act on. 
pareUifl acid hke potash. Ammonia dissolves less of it than potash ; the solution when, 
evaporated gives off ammonia and leaves ciystalliue parellie acid , prolonged boiling, 
however, is attended with decomposition. 

Parellie acid decomposes carhonates Its alooholio solution preoipitatos evyrio acetate 
and neutral acetate of lead It does not precipitate nitrate of sitoer, but on addition 
of amniouiu, a yellowish precipitate is formed which is reduced to the metalhc state by 
boiling Au aqueous solution of parelhe acid mixed with cUonde of gold is, not 
altered by boding ; but this salt is slowly reduced by a solution of parelhe aeid in 


Parellatc of barium obtained by treating the acid with haiyta-water, or by double 
decomposition, is a white powder insoluble in water. The cojrper-ia/t is a yeUowish- 
greeii precipitate _ The lead-salt, 0"'II‘“Pb"0" (?), ie precipitated m large quantity m 
white flocks on mixing the alcohohe solution of parelhe acid and neutral load acetate. 
9'h0 alcoholic solution of parelhe acid also forms a copious precipitate with basic acetate 


I> AEOASITE, Crystallised and granular horuhlende of high lustre and rather dark 
green colour, containing alumina, iron, and magnoaia , found atPargas in Jinland and 
atPhipshurgafidParsonsfleldiutheState of M^e. (See Hobnbmsihdb, iii 170'' 
PAEICIITE, An all-sloid said by 'Wingkler (Buchn. Eepert [2] xUn 29) to 
he contained in Cbina Jaan.fusoa, a cinchona-hark imported from Para. 

PAEIDESr. (Walz, Pharm Centr 1841, p 690 , further N. Jahresb. 

Pharm. xiii 174 — Delffs, ibid lx 26.) — ^A neutral substance extracted from the leaves 
ot Vane guadrifulia, by exhausting them with water containing acetic aeid, treating 
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tbe residue -with alcohol, and the alcoholic extract with ether to remove chlorophyll 
and fatty mattora, digesting the residue, together with animal charcoal, in alcohol of 
0 920, filtering, removing the alcohol hy distilUtion, drying the residue, and. rcdisBolv- 
ing it 111 boiling water, Pimdiii is then deposited after a while in thin shining 
himinai, forming when dry a coherent satiny mass (Walz) , from cold dilute alcohol 
it crystallises in tufts of needles (Delffs). 100 pts, of water dissolve 1^ pt. paridin , 
100 pte alcohol of 9i6 per cent, dissolve 2 pts , and 100 pts of ordinary spirit 
dissolve G pts It gives offG 8 per cent water at 100°. The di'ied substiinee contains, 
according to L Ginelm, 66 51 per cent carbon, and 7 76 per cent, hydrogen, agreeing 
nearly with the iormida C‘'H"’0‘', winch requires 55 59 per cent. c.irhon and 7 69 
liydeogen. Delffs gives tho formula , Waha iii his last communication assigns 

to paridm tho fuimula 

Paridin is immediately enlonred red hy strong snlphnrie or pho.sphone acid , decom- 
posed hy hot nitric acid , dissolved, without coloration, by hydroehlonc acid ; decom- 
posed hy potash. 

FABZDOIi. -A substance formed together with glucose by boiling 

a solution of paridm in hydrochloric acid with dilute alcohol CW a 1 z) • 

+ H>0 » O^H^O" + C“Hi=0». 

PASI^BTZC ACin. The name given by Thomson to the acid contained in 
Parmlta parieUna, afterwards shown to be chvysophanic acid (i 958). 

PABISTIM'. Thomson’s name for the yellow coloimng matter of Parmeha 
pamima, which is identical with nsmo acid (y v ). 

. piSScACloJ Syn withSAisEeaiait 0 rSj£n,A 0 Di( 2 .t,). 

PABXS BIiVEi, This name is sometimes used to designate pm’a Prussian blue 
(feme forrooyaiiido), (li. 227), but has lately been apphod to a vciy pui’C bright blue 
colour obtained hy heating aiiih'ne with stannic chloride. 

PABZS XiAKB. Syn with CAitMiNC-i,iXB (i. 804), 

PABXS BBS, A name sometimes applied' to very finely divided and carefully 
prepared feme oxide, used for polishing optical glasses, daguerreotype plates, gold and 
silver ornaments, &c. 

P ABZSITB. Mussomte — A. minet.il from the emerald mines of the Musso Valley, 
New Granada, consisting of the carbonates of cerium, hmthiimim and didymium, with 
fluoride of cerium and calcium It is found crystallised in elongated doutle six-sided 
pyramids with timueatcd apex , basal angle 164° 68' , pyramidal angle 120° 34' Cleav- 
age hasftl, vary perfect. Hardness 4‘6 , specific gravity = 4 35. It has a vit- 
reous lu-stre, pearly or resinous on the cleavage-fdoes, and a brownish-yoUow colour: 
streak yeHowieh- white. 

Analpm a, 4, hy Bnnson (Ann. Ch. Pharm. liu 147).— o hy H. Daville and 
Damoiir (BuU, Soa Chim. 1864, a. 339). 
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The last analysis may he pretty nearly represented by the formula ItDi 1 0®0®,(Ca , Oe)P'', 
which requires 24 81 CO’, 40-27 CeO, 10 14 DiO, 10 44 LaO, ana 14-64 CaP’. 

PABIsrX-PHM-ZW. C"»H"<0'*? (Walz N Jahrb. Phm-m xiii. 356.)— A hitter 
substance contained, together with paridin, in Pans qmd)%foha, and prepared ftom the 
mothor-hquor of that substance hy precipitating with tanmc acid, separating the tannic 
acid from the resulting resinous prccipitato by uieuns ot lead-oxide, and punfyiug the 
hitter substance ftom BtUl adhering paridm by repeated solution in water, and con- 
centratiou, the paridin t' .■■■'• < _ jg jlj^g obtained as an am- 
orphous mass, which is ■ into glucose and paridin : 

C“H"’0™ + 2H’0 = + C»H'’0» 

PABMEIiZA. See Lichens (iii. 587 ) — Parmeha ovraiophijlla var. physoies 
also mUeAParmeliaphysoilea, contains two neutral substances, physodin and cer- 
ate phyll in (see Phvsodut). 

PABMBZi-BED and PABnZEXi-ITEZiXiOW are colouring matters contained 
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ih Vamelia parietina. The latter is chiefly ehrysophanio acid, and the former appears 
to ho produced from it. 

PARTHSTTIC ACID. The name given by Peretti to the acid which forms in 
distilled ehamomile water after long keepmg. It is said to form a crystallino calcium- 
salt. 

PARXinrC. The separation of gold from sdver by means of mtrio acid (li. 929, 
932) 

PASSIVD STATE OP KETAZiS. See ElbctIHOIIY (li 430). 

PASTE or STBASS. A kind of glass used in the maniifaetnro of artiflcial 
gems See Glass (ii. 841), also Un' s Dictionary of Arts, (lii 407). 

PASTIITACINrE, A peculiar substance, probably an alkaloid, said by Witts tei n 
(Bnclm. Repert xvui. 15) to exist m the seeds of the pavsuep {Pastinaca satim). 

PASTO-BESHT. — A resinous substance of unknown origin, imported 

from Houtli Anieriea, wliere, according to Boussingault, it is used by the Paste 
Indians for v.arnishing wood It is viscid and capable of being extended into very 
tenacious films, whioli gradually harden without becoming brittle. It is destitute of 
taste and smell, has a -ntreoiis fractiu-e, and is heavier than water When heated above 
100°, it becomes elastic like caoutchouc, takes fire and burns with .i smoky flame 
Alcohol and ether extract from it a small quantity of green resin, and leave a strongly 
tumefied mass, perfectly soluble in oaiistic potash Od of turpentine does not act upon 
it; strong sulphuric aoid dissolves it without decomposition. (Boussingault, Ann. 
Cli. Pharm In. 217 ) 

PATCKODDX, PaoJmpat or PatscTia-pat. — ^The herb Of Poffosiemon Patchouli, L , 
a labiate plant indigenous m the East India Islands, and employed, on accoimt of its 
pungent odour, lAe that of Chenopodium aniluiimniioum, for preserving fur from the 
attacks of insects; also in perfumeiy. When distilled it gives off about 2 per cent, of 
volatile oil. It also contaius taiimu and a green odorous rosin 

The volatile oil of patelionh is biwmsh-yellow, somewhat viscid like olive-oil, has a 
specifle gravity of 0 9654 at 16 6°, and yields at 267° a hydrocarbon resombhng oil of 
cubebs , the portion which boils at a higher temperature eoiitiiins the blue substance 
called oceruleiu (see Oils, Tolatiid, p 186) Per the refiiictive power of putebouh- 
oil, see the table, p 186. 

PATIITA. Antile paima, Patina antique, or Patina vertc, — These names are 
applied to the hard green or blue-green deposit of ouprie carbonate, having the com- 
position of malachite (Cu°C0''.H'0) which forms on copper or hronzo that has heen 
exposed to moist air for a long time, or has lain for years underground It isimitatea 
artificially by wetting the surface of the metal with dilute .solutions of acetic acid, 
nitrate of copper, sal-ammoniac, salt of sorrel, &e , and exposing it to the air. That 
the deposit may have the requisite hardness, it must he formed slowly, and hence it is 
necessary to use dilute solutions. (See Handworterbuch d Ohmic, vi. 100 ) 

PATRlltriTB. Syn. with Aoiouiim 

P AUXrlTE. A variety of hypersthone from the islund of St. Paul, on the coast of 
Labrador. Specific gravity 3 389. Contains 61 'SS per cent, silica, 0 37 alumina, 
21 31 magnesia, 21 27 ferrous oxide, 1 32 manganous oxide, and S 09 lime (»■ 98 72). 
(Damour, Ann Mm [4] v 147.) 

PA’UXO'WN'XA IMPBBXAXIS. A colouring matter has been obtained from 
the capsules of this pl.int by Belhomme (Compt. rend xlvu 214); but no particulars 
have heen published respecting it. 

P AVIETIH', Praxetin (ii 7 07). — ^According to recent experiments hyEoehleder 
(I pr Ohem. xo. 433), this substance, produced by the decomposition of paviin from 
horsecliestuut bark {vid inf,), has the composition It has a leiiion-yollQw 

colour, becomes straw-yellow at 120°, and is converted by sublimation at 200° mto a 
mass of woolly crystals. It has an acid reaction and combinea with bases 

PAVIXir. Frimn (ii 708) —This substance is contained in that portion of the 
precipitate formed by neutral acetate of lead in the aqueous decoction of borseebestnut 
bark, which is soluble m water eoiitaiinng acetic acid. Its composition, as determmed • 
by analysis, is = 4C"’H"‘0'“.H*0. When heated m a stream of carbonic 

anhydride to 160° it becomes anhydrous (more quickly at 200°), and has then the 
composition Paviin at 117° is piilo-yellow, amorphous, easily friable and 

BtiU contains water ; it mells at 190° When reerystallised from hot alcohol it is pure 
white and gives off its water between 110° and 113°. By boiling with dilute acids, it 
IS resolved into glucose and pavietm or fivixetin, according to the equation . 

C'^HS'O'" + H'O = C>»H“0» + C»H>=0“ 
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nceording to wliioli, 100 pts paTim should yield SB'S pts. pavietin; the quantity found 
was 56'2. (Eoohleder, loo. czi.) 

PEA. Fiswii sativum. — ^The composition of the seed and straw of this plant has 
been mvostiguted by several chemists. 

The following detorminations of tho nitrogen, fat, ash, and water in fresh pea-seeds 
are by Ward and Eggar, made under Way’s direction (Agr. Soo. J. vol. x pt. 2; 
dahresb. 1840, p. 708): ^ ^ 

White or garden peas, grown on day soil . . . ""s 57 ''I'Ol ^16 40 

White or garden peas, grown on sandy soil . . . 2 97 . . 13'60 

Grey or field peas, grown on day soa .... 3'47 1 54 16‘60 

Grey or field peas, grown on sandy BoU , , . 3'28 1’04 16-40 

Poggiale Pharm. [3] mr. 180, 256; Jairresb. 1863, p. 80S) found in common 
green peas, dried and aheUed, 67 7 per cent starch, dextrin and sugar, 21-7 nitrogenous, 
substance (legnmin), 1-9 fatty matter, 2-8 ash-constituents, 3 2 cellulose, and 12 7 

W Mayer (Ann Ch. Pharm. ci 129; Jahresb. 1867, p. 637) has made the 
following detorminations of tho water, phosphorio anhydride, nitrogen and ash in 
garden and field peas : 

Air-dricii. Dried substance 


Bohemian field peas 8-99 1-408 4 81 

Pidd peas from Sohleissheim, Eppar Bavaria 

(oaloareons soil) 13-62 1-026 4-26 2-91 

The shells of peas weigh from 0-8 to 1 per cent, ns much as the seed. The weight 
of straw IS about 2-7 times as much as that of the seed, ox 27 pts. seed to 73 pts. straw 
in 100 pts of total weight (Sohwerz). 100 pts. of pea-straw contain 12 pts. nitrogen- 
ous matter, 21 9 matter soluble in potash, 47-6 per cent, non-azotised matter insoluble 
therein, 6 0 ash, and 12-0 water. 

Way and Ogston (Agr. Soo. J. voL vii.pt 2; Tahresb. 1849, p 672) fonnd in 
peas of various hinds (air-dried) from 13 6 to 17'6 per cent water; and tho peas dried 
at 100° were fonnd to contain 0-25 to 0-372 per cent, sulphur, and 2 39 to 2 68 per 
cent ash. 

In the straw of garden-peas (air-dried) the same chemists found 16-88 to 16-64 per 
cent, -water; that of white peas dried at 100°, yielded 8 92 to 9-40 per cent, ash , that 
of grey peas 6-6 to 7-6 per cent. 

The composition of the ash of peas and pea-straw, as determined by Way and Ogston, 
is given in the table, p 369. 

The ash of pea-straw has also been analysed by Hertwig, -with the following 
results . 

a. Pea-straw from Enderstadt; b from Thuringen. 


Carbonate of Potassium 
Carbonate of Sodium 
Sulphate of Potassium 
Chloride of Sodium 
Sihca 

Carbonate of Caleium 


Magnesia 

Phosphate of Calcium 
Phosphate of Magnesium , 
Perrio and Alumimc 
Phosphates 


For numerous other analyses of the ash of peas and pea-straw, made chiefly at the in- 
stigation of the Prussian A^icultural College, eee Liebig endKopp’ s Jabresbencht, 
i. 1074, Table A. Nos. 6, 6, 7, 8, 10, 11 ; and u. 666, Table B. Nos. 1—32. 

See Fkuit (ii. 716). 


EBACOCK COPPER ORB. Syn. with PuBEtE Ooepbb. (See Coppeb, Sni.- 
rniDiis OP, ii. 78.) 

PE ARIi. A highly prized spherical conerelaon found within the shell of the pearl- 
oyster. These molluscs are subject to a kind of disease, caused by the introduction of 
foreign bodies within them shells. In this ease the inner layer of the shoU, the mother- 
of-pearl (p 322), instead of hemg spread in thin layers on the inside of the shell, 
accumulates round tliese particles in concentric layers, forming pearls. These concre- 
tions consist of earbonatoof calcium interstratifled with cellular membrane. They have 
a hlmsh-while colom-, with considerable lustre and iridescence The most valuable 
pearl fisheries are ou the coast of Coylon, and at Olmulz m the Pei-sian Gulf. 
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FSULBli-ASH. Partially purifled earbonata of potassium, prepared from the aslies 
of plants (see Oabbonatbs, i. 790). 

PSASIi-nilCA. Sjn. with Maboabitb. 

PEARX-SZSTTSR or ^evnie—A varioty of opal occulting in the oarities of 
volcanic tufa (see OpAt, p 204). 

PBABZi-SPAR. This name is applied to rhombohedral crystallisations of dolomite 
(magnesio-ealcio carbonate) hanng curved faces and a pearly lustre , when the crystals 
are not curved, and have a brown or reddish-brown colour, they ate cnllod brown spar • 
the latter variety eontaina Aom fl to 10 par cent oxide of iron or manganese. 

PBARI.-SXOM'B. A felspathie mineral, having a pearly lustre, occurring in 
roherules or spheroidal concretions. Specific gravity 2'3 to 2‘4. A specimen ftom 
Hungary analysed by Erdmann gave 72-87 per cent silica, 12-05 alumina, 1 76 fen-ie 
oxide, 1-30 lime, 1-10 magnesia, 6-13 potasb and soda, and 3 00 water ( = 98-20). 

PSASTOWB or PISOIiIXE. A cnleareous rock consisting of spherical grains 
like oobte, but difipertng therefrom by the larger size of its particles, which are composed 
of oonoentcic lamin* 

PEAT. Torfi Jburic.— This product of the natural alteration of plant-tissues is 
of feeq^uent oeeun-ence in places where the presence of stagnant water or a very linmid 
atmosphere and certain other conditions have favoured the growth of mosses and marsh 
plants, together with certain kinds of grass, heath, &o The remains of these plants, 
gradually accumulated and chemically altered to a greater or less extent, often consti- ' 
tnte badfl of eousidcrahle extent, varying m thickness from a few inches to many feet. 

There are many kinds of pent, pi-eseutmgvei-y great diversity in their texture, colour, 
and most other characters, some varieties consist almost entu-oly of withered remains 
of plants which h.iV6 undergone but little alteration except mechanically , lu other viu-ie- 
ties the oiganiaed sti-netoe of the pl-ant remains more or less distinctly recognisable, 
cud in other kinds there IS no obvious indication of plant-structure remaining Peat 
of the former kind is generally of a pale yellowish-brown oolom-, very bulky and re- 
tentive of water , when dried it is very hght and spongy, somewhat resembling com- 
pressed hay, and its specific gravity is often as low as 0 26 Peat of the latter kind, 
on the contrary, is either black or dark brown, and m its natm-nl state has a clayey 
consistency -without any fibre, so that it can soinotimos bo wrought into tiles or pipes 
for di-Aiiung purposes , when such peat is dried, it shrinks considerably, and becomes 
denser than -water, very good kinds having sometimes a specific gravity of 1 25. Be- 
tween these two extremes numerous lutermediate kinds of peat are met with In the 
natural state, poet is always mechauieally mixed with a very lai-ge proportion of water, 
varying ftom eighty to upwards of ninety per cent by weight, the fibrous kinds always 
containing the largest amount of water. "Wlien the water is separated by drying the 
peat in thin slices in the am, a quantity still romams which is not separable by air- 
drying, and amounting generally to 16 or 30 par cent, of the ait-dried material. 

The large amount of water mixed with peat in ita natural state is tlie moat seisons 
obstacle to the useful applieation of thie material upon any extensive scale, as fuel and 
for other purposes, for the practical difficulties of separating &s water hy air-drying 
rapidly increase in proportion to the extent upon which the peat is collected. The hygro- 
scopic water stiU remaining in am-dried peat is also highly pi-ej udicial to its utility 
as &el. Hence it is that wherever coal can bo obtained at a moderate cost, not e.x- 
ceeding ten shiUings per ton, it is impossible to use pent as fuel with .idvnntuge, and 
it may be preferable to use coal even where it costs as much as twenty shvUings per 
ten, when the peat is far distant from the place where fuel is requu-ed, inasmuch us 
the carnage of pent, which has a much smaller fuel-valne than coal, wiU often make its 
' cost equal to that of an equivalent quantity of jeo.il (See Fuel, li. 723 J 

The composition of dry peal presents ifferences as groat as those existing between 
the several kinds in other respects, 

The amount of ash in peat is very variable, as will be seen from the following table, 
and there are equally great differences in the composition of these ashes It is very 
rarely that the composition of peat-ash is such' as to admit of the opiuiun that it repre- 
sents merely the mineral eonstatnents of the plants from whoseremains the peat has been 
formed. Jn moat cases a large portion of this ash is refemble either to mere me- 
chanical admixture of earth, or tij the deposition of mineral substances from water 
permeating the peat, and consequently the composition of the ash is much influenced by 
the nature of the prevailing rocks in the neigbboiu-hood of peat-deposits, or such parts 
of those rocks as are earriri away either mechanically or cbBinicaUy by the action of 
water The permeation of peat by water probably exercises a fimther influence m 
altering the composition of its mineral or ash constituents, by ab.sfcracting certain sub- 
stances, in virtue either of a kind of dialysis or of chemical reaction. Such being the 



PEAT. 


case, the composition of peat-aphes and the nature of the changes they haTc iindergone 
would be doternuned mainly by local conditions, and in this way the great diversity of 
composition which is found to exist may he to soma extent accounted for. 

When air-dried peat is exposed to a temperature of 100° G., it generally loses from 
16 to 30 per cent, of its weight, consisting chiefly of hygroscopic water, but, according 
to Marsilly, some docomposition takes place oven at that temperature, and volatile 
products containing carbon and hydrogen are evolved in small quantity. At higher 
temperatares peat is entirely decomposed, yielding the ordinary products of dry or de- 
sti'nctive distillation, viz. gas, tar, a watery Hqiud, and a carbonaceous residue. These 
produots and their constituents are, in their general character, mtermediate between 
the analogous products obtained under Bimilar conditions &om wood and fixim bitu- 
minous miuerius, their relative amount, chemical nature, &e , heing dependent upon 
the temperature at which the decomposition takes place, as in all other cases of destme- 
tivo distdlatiou. Tho several products of the distillation of peat also vary to soma 
extent both in quantity and quality according as the peat approximates more, on the 
one hand, to unaltered wood, or on the other hand to coal, just in the same manner as 
there are similar differences of degree between tho products of different bituminous 
mmerala. 

CourPOSITIgN’ OP PuAT. 





362 
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AtfAtYSES OP Peat Ashes, 



Butch, j Scotch. 

American. 

Ba- 

inch. 

Authority. 

Andcraon. 

JohMOU. 

Wagner. 

Sullivan and Gagea 

Soda . 


1-1 

10 


0-6 . . 

0-3 

0-679 

1-427 

Potash 


1-2 

0-7 

a-i 

0-7 0-8 

0-7 

0-347 

0-362 

Magnesia . 


4-6 

0-4 


6 0 4-9 

09 

1266 

3-892 

Lime 


117 

12 

1-3 

40-6 36-6 

11-2 

46-581 

26-113 

Alumina . 


2-9 


1-8 


28-4 

0-129 

4-180 



6-3 

SO-7 

12-6 

61 9-1 

4-6 

15-974 

11-691 

Phosphono acid 





0-6 0 7 

0-9 

0188 

1 461 



«-V 

6-6 

20 

6 6 10 4 

2-6 

44 371 

12-403 

Chlorine . 


1-6 


01 

01 04 


HCl 0-337 

1668 

Silica 


9'8 


816 

82 14 

12-3 

1-043 

0 980 

Carbonie aeid 






1-0 

16 120 

13 695 

Sand, clay, &o. 


ilA 

60'6' 


31-7 ii-i 

87 2 

2-663 

22 619 







99-678 

99 691 


The chemical nature of the change by -which peat has been produced from plant-re- 
mains is probably Tery similar to that by which bituminons minerals have been formed 
from analogous matenala. It consists chiefly in elnamation of oxygen and hydrogen 
in the proportion to form water, also of oxygen and carbon m the proportion to form 
oatbonic acid, and of hydrogen and carbon in the proportion to form marsh gas and 
perhaps other hyi-ocarbons, the main feature of this change being the increase in the 
amount of carbon in the residual suhstauce. Hence the composition of different kinds 
of peat varies in proportion to the extent to which this altei-ation may have advanced, 
and peat which has hoen httle altered -will possess a composition more or less approxi- 
mahng to that of ligneous tissue or of wood, while those kinds -which have undergone 
greater alteration -will possess a composition approximating more to that of coal, or 
lignite, or other bituminons minerals, according to the conditions under which this 
change has taken place The physical characters of peat, such os texture, colour, den- 
sity, &e , idso bear a similar relation to tho degree of chemical alteration which has 
been reached, the fibrous, light coloured, spongy kinds being most similar to wood in 
composition as well as most unlike coal or bgnite, &o., wlule on the contrary the com- 
pact, dark coloured, dense varieties of peat often resemble lignite and some kinds of 
coal in eompoaition as well as in their physical characters It is indeed probable that 
peat may be regarded as a sort of intermediate product of the same general mode of 
alteration by wnioh coal and other bituminous minerals have been formed, and that if 
deposits of peat were placed under conditions such as those in which coal, &o., have 
been produced, the peat might m process of tunc become converted into coal. 

B. H. P. 

PBCTASB. a fermentative substance existing in fruits, and ha-ring the property 
of converting pectin into pectie, parapeetio, and metapectio acids. It has not been 
obtained in the pure state. (See p. 362 ) 

PnOTOue Substances (p. 382). 

fSCTOXITE. Omelite.—A hydrated eilieate of ealmura and sodium, ooehTrlng 
in aggregated ocieular monodiuic ciystals, having neuriy the same angles as woUas- 
tomte, and deavmg perfectly parallel to the orthodiagonal Twins, parallel to wPoo , are 
of frequent ooourrencc. It also occurs fibrous, massive, radiated or stellar. Hai-dnoss 
=4 6. Speeifle gravity ■=■ 2 68 — 2'74. Colour whitish or greyish, with silky or eub- 
vitreous lustre on the fractured surface ; snhtranslucent to opaque. Tough Uke dys- 
dasitc Mdts before the blowpipe to a translucent glass. Decomposed by hydrochloric 
acid, with separation of floccnlent silica, gelatinises if previously ignited. 

Analyses. — a. From Monte Baldo in tipper Italy (v. Kobell, Kastn. Arch. xiii. 
385; xiY 341), — J. Isle Itoyal, Lake Superior (Whitney, Sill. Am. J, [2] vii 434) 

~a Taliskcr, Isloof Skye; speeifle gravity 2 784 (Heddle. Phil, Mag. [4J]x. 248) 

(I Castle Hill, Hdinbuigh, associated with woUastomte and prehnite (Heddle and 
Greg, loo. ent.).~e Knockdolian HUl near Ballantra, Ayrshire , speoifie gravity 2-778 
(Heddle and Greg).—/. Bergen HiU, Hew Jersey, mean of three doaely agreeiug 
analyses (Whitney, Sill Am J [2] xxn. 206).— p Langbau's iron-inine in Wermland, 
Sweden ; in fibres like asbestos, butmore compact (Igalstrom, J.pr. Ghem. Ixxxi. 398). 
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Ribca . 
Alumma . 

Ferrous oxida ) 
Manganous oxide { 
Soda 

Potash . 

Water 


These analyses may bo 


a b. c d. e. J. ff. 

ei'30 63-i6 63-82 63 06 63-24 64 62 62 24 

0 00 4 94 2-73* 0 76 I'OO 

33-77 3121 29-88 83-48 32-22 82-04 33-88 

1 09 1-76 

8-26 7-37 9-66 9 08 9 67 8 96| g.^g^ 

8-89 2 72 3 76 8 13 3-60 "2-39f 3 70 

99-69 90-69 99 74 100 40 90-63 100-00 100-00 

nearly represented by the formula (]Sa“0.2Si0’).4(0a"0 SiO’). 


H’O or (NaHCa^)Si“0‘' or i 0", requiring 64-87 per cent, silica, 3 25 lime, 

9 20 soda, and 2 68 water Prom the last analysis Igclati’om deduces the formula 
3(2M-^O.3SiO»).Ga"H=0^ 

PEOl^OSXl. 1 

PfjCTOSIO ACID, L See Pbotous SobstAnobs. 

FSCTOU3 ACID, j 


PECTOUS STTBSTANCES. FecUn, Pectio acid, Peotose, Sea. (Vauquelin, 
Ann. Chim r. 100, vi 282;, Ann. Oh. Phys [2] ili. 46 — Braconnot, Ann. Ch, 
Phys [2] xzriii. 173, xn 96, xlrii. 266, Ixxu. 433 — Guibourt, J. Chira m4d. i. 
27.— Mulder, J. pr Chom. xiv. 277 ; xvi 246.— Piimy, Ann Oh. Phys. [3J xiiv 9. 
— Soubeiran, J. Pharm. [3] xt. 417. — Poumarfede and Piguier, J. Pharm [3] 
XI. 468, XU 81 — Ohodnew,Ann Ch. Pharm. li 866.— Pr. John, N Br. Arch xlv. 
24, 129 — Gm xr. 392 — Gerb. ii 684). — The pulp of fleshy frmts in the unripo state, 
also fleshy roots and other -vegetable organs, contain a substance eaUed pectosa, -which 
is insoluiilo in -water, but under the influence of acids and other reagents, is transformed 
into a soluble substance, pectin, identical with thut which exists in ripe ft-mta and 
imparts to their juice the property of gelatinising when boiled. 

Pectoso almost alwaj s accompanies cellulose in the tissue of plants, but os it is in- 
soluble in water, alcohol and ether, and is moreover decomposed or altered by most 
reagents, it has not yet been isolated. It is this substance which gives the hardness to 
uiiripo fauts. It is probably isomeric with cellulose, or differs from it only by the 
elements of water. 

Pectin does not exist ready formed in fimits, excepting when they are very ripe It 
is formed in fr-uits from pectoso under the influonco of heat, its formation being then 
duo to the action of oitiio and mahe acids The juice expressed from an unripe apple 
does not contain a trace of pectin, but if it be boiled for a few muiutes with the pulp 
of the fruit, poobn soon appears and gives to the liquid the peculiar viscosity which 
characterises the juice of all boiled fi-uits. 

Pectin may also be formed by boiling the pulp of carrots or turnips with a shghtly acid 
liquid. 

Under the influence of acids or alkalis, pectin is gradually modified, and iilrimutely 
transformed into a strongly acid compound e.illed metapeotio acid, passing houever 
through a series of intermediate modilicutiona called by Fremy, parapectin, meta- 
pectin, peotosio acid, pectio acid, iind parapectic acid. The composition of 
these bodies cannot be regarded as definitely estabhshed, as they are mierystallisable, 
and it is very difficult to fr-ee them completely from mineral substances It is probable 
however that they are either isomeric modifications of the same chemical compound, or 
else differ thorn one another only by tho elements of water. 

Pectin undergoes transformation not only when subjected to the action of the ahoi e- 
mentioned ohemical reagents, hut also m the living plant. According to Fr6my, all 
vegetal tissues which contain pectose (tho primary material from which pectin is 
formed), contain also a kind of ferment calW pactaae, comparable in its mode of 
action to the diastase of germinating barley and the cmiilsin of bitter almonds. It is 
an nnerystaUisable substance, which may boobtamod by precipitating tho juice of fresh 
carrots with alcohol. The ppctaso which was previously soluble then becomes insoluble 
lu water, without however losing its power of acting on peetous substances When in- 
troduced into a solution of pectin, it qmekly converts that body mto agelatinoiis product, 
insoluble in cold water, this transformation takes place in water at the temperature of 
about 40°. Pectase immersed m water for two or three days, is decomposed, becomes 


* Wkh ferric oxide and magnesia, 
t By loss. A direct delerjiiinatiou of the water in the 
t By dllforeuto 


ral dried at 80“ gave a’76-3*03 per cent. 
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covered with mould, and js tlion no longer eapahle of acting as a pectoua fei'ment , its 
fermentative action is likewise pariilysed by prolonged ebiiffition 

' Peetase exists in the vegetal organism sometimes in the solnble, sometimes in the 
insoluble state. Boots like eawota and beet-root contain soluble peetaso , their juice 
in faat induces the pectous fermentation, whereas the juice of apples and other acid 
fruits has no action upon pectin. In these finds, the pectase is assooiated with the 
insoluble portion of tlie pulp, so that when tho pnlp of unripe apples is introduced into 
a solution of pectin, this solution quickly becomes gelatinous, in consequence of the 
conversion of the pectin into peetosic and pectous acids. Soluble pectase, as already 
observed, may be rendeiecfinsolublo by precipitation with alcohol 

When a fnnt, such as a pear, apple, or plum, is heated in contact with water, it ex- 
periences, according to Pi-Amy, the following changes The acid contained in it, which 
18 uaually a mixture of mtdic and citric aeid^ flist acts upon the pectose and converts 
it into pectin, part of which remains in the juico, rendering it viscous and masking the 
aoidity of the frmt. In the next place the pectase, acting upon the pectin, produces 
a certain quantity of peetosic acid which gelatinises on cooling If tbs action of tlie 
pectase be prolonged, the peetosic acid may be changed into peotie acid. If the fiiut, 
18 rapidly heated, the pcctaao likewise coagulates, loses its activity, and no longer acts 
upon the pectin. When a fruit is boiled, the pectose alone is altered, while the cel- 
lulose does not experience any chanM. 

Green fruits, as already observed, do not contam pectin ready formed, but only peotoso, 
the scanty precipitate whioli tbeir juice yields with alcohol being due to albuminous 
matter. But as the ripening advances, the friut gradually loses its hardness, the cells 
become distended and semi-transparent, and the juice then cont.ains only pectin, winch 
does not precipitate neutral acetate of lead. When the fruit is ripe, the juioo becomes 
gummy and contains a liu’ge quantity of pectin, and still more of parapeetin, winch 
forms a precipitate with acetate of lead At this time, tho pulp, if carefully washed, 
does not exhibit any sensible quantity of pectose, this substance hanng been changed 
in the process of maturation into pectin and parapeetin. Lastly, fiiiita ui the over-ripe 
stale no longer contain n trace of pectin, that substance having been converted onto 
metapecUo acid, which is saturated by the potash or lime in the fnnt, 

It appears then that the gelatinous or pectous constituents of fruit exporienee dur- 
ing vegetation, transformations identical with those which may be produced in them 
artifl,oially by the action of acids, water, alkahe, or pectase 

We shall now deserihs the several bodies of the pectoua group, taking them in tlie 
order in which they are formed from pectose. 

peoUa. This substance was discovered by Bra conn ot. BiAmy prepares it by 
treating the expressed and filtered juice of very ripe pears with oxahe acid to precipitate 
the dissolved lima, and with tannio acid to precipitate albumin, and mixpig the filtrate 
with alcohol, which precipitates pectin in long threads. These are purified by washing 
' with alcohol, repeated solution in cold water, and precipitation with alcohol, tiU neither 
sugar nor organic acid can be detected in tbe aolation.—Braoonnot boils the recently 
expressed juice of ripe apples for a while to coagulate the albumin, precipitates the 
filtrate with alcohol, and purifies it by repeated solution m water and precipitation with 
alcohol. — Poumarhde and Biguier leave comminuted gentian-roots to soften m 
warm water, wash them thoroughly with w.iter and very dilute acetic acid, digest 
the roots thus prepared with very dilnto acetic acid at 80° — 90° for half or three- 
quarters of au hour, and precipitate tlie solution with alcohol of 88°. — Mulder pre- 
cipitates the exprested and filtered juice of apples with alcohol, and boils the precipitate 
With alcohol, to remove sugar, malic acid and tannin — Ghodnew obtained pectin 
a. By boiling crushed pears with water, precipitating the filtered juice with alcohol, 
and washing with alcohol and ether; whereupon it becomes opaque and acquires the 
texture of woody fibre. (This pectin is not precipitated by chloride of banum, hut 
gives a precipitate with neutral acetate e. . ^ .... ^ 

with Fr Amy’s jwapoetiii, p 364); — ■ 
precipitating with alcohol, redissolvix^^ 

chloric acid, and agam precipitating with alcohol (This pectin resembles the former, 
but has a alight acid reaction, and sometimes reduces an alkaline cupric solution ) 

Stiide (Ann. Oil. Pharm cxxxi 68) prepares pectin from turnip, s, by rasping tho 
pulp, leaving it to macerate for some hours with water, pressing, heating just to the 
boiUiig point, filtering, then “ ' ■■ - -.eetate of lead, decomposing the 

precipitate with sulphydric i - filtrate with alcohol,* lie is of 

opinion that the body which „ ^ ^ friuts, Sen., are boiled with acids, 

IS not a simple proximate principle (pectose), hut a compound of pectin with hum , for, 

• If neutral acetate of lead be added to tbe balled aoliitlon instead of tho basic acetate, n less abundant 
lirecipltate Is obtained, contlstlng ol lead-aulphato end the liad-Lompaund of a new glnosonona sub. 
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on washing nadish-pulp completely mth watei and then treating it with an anid, Ume 
passes into solution aa weU as pectin 

Properties — Pechu is a wlute amorphous mass, soluble in water, neutral to test-papers, 
precipitated by alcohol as a jelly from ddnte solutions, in long threads from strong 
solutious When pui'e it is not precipitated by neutral acetate of lead, but it is gen- 
erally mixed with a certain quantity of jinrapcctin, which giyes a precipitate with that 
reagent With basic acetiito of load it giyes a copious precipitate It has no action on 
polarised light When burnt it emits an odour like that of tartaric acid 

The following are the results of the analyses of pectin piepared m various ways, de-, 
ducting the mineral substances with which pectin is always .contaminated, in whatever 
way it may he prepai'ed: 


Mulder. Chodneiv. PrSmy PoumnrMo & FIguier ' 



a, Pectin from sweet apples at 120°, leaviug 6 9 per cent ash, consisting of nearly 
pure lime, with a little eihea and iron onde . — b Pectin of sour apples at 120°, leaving 
9'3 per cent ash. — o. Mean of two analyses of iieotm from pears at 116° ; it contained 
8 6 per cent, ash, composed of lime, magnesia, iron-oxide, potash, chlorine, sulphuric 
acid and phosphorio acid.— A Pectin of apples at 116°, leaving 1 69 per cent, ash, con- 
taining much feme phosphate without a trace of carbonic acid. — e. Pectin of npopeara. 
J Moan of three analyses of pectin from gentian diaed at 120°, and still contiuning 
mineral snbstanoos — g Mean of two analyses of pectin from gentian dried at 120°, 
.uid freed from the greater portion of metallic oxide by treatment with alkabs and 
acids — /(, Pectin from carrots dried at 120° 

Th^receding analyses, though they agree pretty nearly in the amount of hydrogen,, 
yet differ so greatly in the corhon that it is impossihlo to represent them hy any one 
toimula. The discrepancy doubtless arises from the groat difficulty of completely puri- 
fying pectin from albuminous substances, sugar, dextrin, mulate of calcium, &o , which 
adhere to it obstinately. The best mode of testing its purity is to precipitate the 
aqueous solution with excess of barytu-wiiter, which throws down the pectin, leaving 
the suhstanoes just mentioned in solution , if then the liqmd filtered from the pre- 
cipitate and freed from excess of baryta by carbonic acid, leaves no residue on evapo- 
ration, it may be presumed that the pectin is prae (Pr6my). lu the preparation and 
purification of pectin it is indisponsahle also, .lecording to Prdmy, to avoid the use of 
boiling water, which altera it rapidly by converting it mto parapoettn Pr4my deduces 
from his own analyses of pectin the foimula requiring 40 7 per cent, carbon, 

6 1 hydrogen, and 54 2 oxygen 

Deoompositions —Boding water, ns already observed, converts pectin into parapectm. 
Dilute aends at the hoilmg heat convert it into metapeotm, and finaEy into metapeotie 
acid. Alkalis and alkaline earths immediately change it into peetates, and these sails 
when treated with acids yield insoluble peetie acid Lastly, under the influence of 
peaiass, pectin is converted into pectosic acid. 

Parapectln. Aqueous pectin, when boiled for several hours, loses its gummy oon- 
sisteiice, and is converted into parapeetin, which is precipitated by alcohol in the form 
of a translucent jelly. It then still retains albuminous substances, which arc precipitated 
from the aqueous solution by addition c ‘ ’ ‘ ite of lead 

Parapectm is an amorphous, neutral . jteless , soluble 

m water, like pectiu and metapectm, hy liemg pra- 

cipitahle hy neutral acetate of lead, and from the latter by not being precipitated by 
chloride of barium It is isomeric with pectin at 100°, but gives up 1 at water when 
heated to 140°. 

Fr6my 

C'= 384' 41 48 4r61 42 88 43 77 

46 4 97 6-18 6 68 6 41 

0»‘ 496 63 66 63 01 61 44 60 82 


920 100 00 


100 00 100 00 100-00 


a is parapeetin several times purified , b and o are less pure 

Parapectm is converted, hy boding with dduto acids, into metspeetin; by aqueous 
alkalis mto a salt of pectic acid Its aqueous solution precipitates neutial acetate of 
a precipitate containing very variable quantities of lead-oxido (from 11‘9 
to 18 8 and 21 2 per cent ). Tlie organic portion of the precipitate was fouud to con- 
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Metapectln. 0“H“0*‘ ? — ^Parapectin ia quickly converted info this substance by 
boiling with dilute acids. It is unoiystallisablo ; has an ueid reaction j is soluble in 
water, like pectin and parapeotin , distingmshed firom both by its acid properties and 
precipitabmty by chloride of barium. Metapectin dried at 100°, gives off 1 at water 
at 140°, and then exhibits the same composition as parapeotin (by analysis, 41 86 per 
cent, cmbon, and 6'58 hydrogen). 

By alkalis it ia converted into a salt of pcctic acid. It dissolves in water; if the 
solution also contains hydrochlone, siilphurie, or oxalic acid, alcohol throws down 
gelatinous compannds of these acids with metapectin. Prom aqueous nietapeetin, 
chloride of bat ium thxoyn down a precipitate containing fWm 14 to 16 percent baryta 
(G”H"0^>Ba"0 =■ 14 1 per cent, baryta) The lead-com'^ound contains 19-43 per 
cent, lead-oxide (C“H«0<Pb"0 « 20 30 per cent Pb"0). 


Pectoale aoifl. This acid, prohahly isomeric with parapectin and metapectin, is 
obtained aa the drst product of the action of pectaae or of aqueous alkahs on aqueous 
pectin thesolutioi solidifying to a lelly immediately or after addition of acids ; hut it 
la quickly eQn,TC.rtO'i into peetic acid by the farther action of the same agents, or by 
boUing water. It has an acid reaction; is nearly insoluble in cold water, quite 
inaoluHe in water containing hydrochloric acid, but easily soluble in boding watej; 
(whereby it is distingmshed from pectin), and forms a jelly on cooling. It gave by 
analysis 41-1 per cent carbon, and 6-26 hydrogen (Prdiny ) 

The gelatiaous amorphous pectosates are easily converted into peotates by excess of 
base , when pure they dissolve completely in warm dilute acid, whereas peotates leave 
a residue of peotie acid 

The barium-salt precipitated from .iqueoiis pectin by a quantity of baryta-water 
insufScient for complete precipitation, contains, on the average, 24-4 per cent, bai-yta 
(0=“H«Ba''0«' - 26 3 per cent. BaO). 

The contains 32 76 per cent, lead-oxide, theformnla C“H‘Tb"0’' requiring 

S3 -42 per cent PbO. , 


Peotlo aold. C’E®©"'?— This acid, though it may be obtained from most plants, 
if not from all, does not exist in them ready form^, at least not always, but is 
produced from peotoso or pectin. In fact when a solution of pectin holding potash in 
suspension is loft to itself at a temperature of 30°, the pectin is first converted into 
peotosio, tlien into peotio aoid. Dilute solutions of potash, soda, alkaline carbonates, 
ammonia, and aqueous baryta, etrontia, and lime, transform, pectin almost immediately 
into peotates. Pectie aeid is extracted from ita different salts by submitting peotates 
to the action of acids 

Preparation, — 1, Well washed carrot-pulp is boiled -with water slightly acidulated 
with, hydrochlone acid, whereby pootin la dissolved. This pectin is converted into 
peetate of sodium by boiling with the proper quantity of sodic carbonate (to be deter- 
mined by trial) ; the solution is precipitated with hyiochlorio acid ; and the separated 
peclio acid is dried, first in vacuo, then by heat. If too small a quantity of carbonate 
is added, peotosie acid may be formed ; if too much, metapeotio acid may be produced 
(Fr dm y) — 2. The pulp of peeled turnips ia well washed with water and pressed, and 
the residue is boiled for three quarters of an hour inth water to which ^ of sodio car- 
bonate, or a small quantity of caustic potash, has been added The liquid is filtered, 
the solution is precipitated with chloride of calcium , and the peetate of calcium is 
decomposed by iiydruchloricaeid(Braconnot, Eognaiilt, Simoniu, J Pharm xx 
478. E egn ault dissolves the stiU coloured peetic acid in aqueous ammonia , decolonses 
It with animal charcoal at 60° to 80° ; precipitutea the filtrate with hydrochloric aeid; 
and repeats the solution in ammonia and preeipltatiou with aeid, in order to remove 
the mineral coustitiients. 

3. The pulp of carrots or eeleiy is exhausted by washing with pure water, boiling 
with water containing hydrochlorio acid, and again washing with pure water , Oie residua 
is boded with very dilute potash-ley, and the solution is precipitated by hydrochloric 
acid (Braconnot). Frimy obtained by this process only a small quantity of 
peetic acid (vid sup.). Chodnow boils turnips after trituration, washing and press- 
ing, with very dilute potash, for half to three quarters of an hour ; strains , precipitates 
the stiU turbid'solutaon with hjdrooblone aeid ; washes the peetic aoid several times, 
first with acidulated, then with pure water; presses it with the hand after each wash- 
ing, and redissolves it m ammonia, whereby an easily filtering liquid is obtained, 
which, after filtration, is precipitated by hydrochloric acid This precipitate is 
washed as above, and finally with alcohol.* 


then wHshIng the precipitate with alcnhol or et^er, pressing and drjlng lU l-'O'’, C li od n e w obt.imod 
a non-friable mess like woodp fibre, which he entiR pectnu, arid. It fc sllghtq field. Buluhle In wider 
even after drj-lng, precipltut.d at a jelly by e-tteHS of p.,ltibli or lime water, but not by chloride of po. 
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According to Fr Amy, peotic acid prepared in tiie ordinary way (probably according 
to metboda 2 and 3) eontaina albnminouB Bubatances wbicb may be more easily pre- 
cipitated by small quantities of basic acetate of lead, alter prolonged boiling of the 
solution supersaturated with ammoma. 

Mulder washes comminuted carrots, turnips or sweet apples with water, boila 
tbe residue with very dilute potash, not in excess, and precipitates with hydroeblono 

Fromberg prepared his peeiie acid feom turnips by comminution, washing with 
cold water, and boiling with rery dilute carbonate of sodium. 

According to Divers (Ohem. Soo. J. xvii. 91) peetie aad is produced, together with 
parapoebe acid, by the spontaneous decomposition of gum cotton. 

Properties. — Peebo acid in the moiat state, is a transparent, colourless jelly, which 
dries up to a white, transparent, horny mass, difficult to pulverise. It has an acid 
taste aud reaction. It is insoluble lu cold, nearly insoluble in boding water, insoluble 
also m alcohol and m ether. Its composition is as follows — 

Calculattoa (FrCmy). MuMor. Fromberg. Begnault. Chadnair. Frfimy. 

. ■ , a b. atl40». at 120“ at 120°. 

C' 192 i2 29 44-9 44 8 44-6 42-89 42-22 41-40 

H« 22 4-84 6-4 6 3 6-2 4-71 6-24 4 77 

0'“ 240 62-87 49-7 60-1 60-3 62 60 62 64 63 83 

4^ 100 00 1000 100 00 100 00 ioooo 

The analyses are given ae mean results. Eepiault and Ohodnew exammed peotic 
acid prepared from turnips ; Frdmy analysed acid ft-om various sources. Chodjiew’s 
acid left J per cent, ash, which is deducted : see above Mulder’s peotic acid a was 
obtained from carrots, and left 4-17 per cent, of ash, composed of lime with traces of 
silica ; h was obtained from sweet apples, and left 3 2 per cent. ash. Fromber^s 
peotic acii obtained tom turnips and di-iod at 140°, left 7 per cent, ash, composed in 
great part of oausbo lime. 

The analyses of peotic acid differ tom one another as widely as those of peotin. It 
is most probable, however, that pectio acid, as indicated by Frdmy’e formula, differs 
from pectin only by the elements of water. Eegnault gave the formula both 

for peobo aoid dned at 140°, and for that contained m the salts Chodnew gives the 
formula “0'“, which agrees with the composition of many of the pectates, and re- 
quires 42 42 per cent, carbon, 6-06 hydrogen, and 62-62 oxygen 

Decompositions — 1. Peotic acid becomes coloured at 120° (Eegnault); black at 
150° (Ohodnew), and at 200° gives off carbonic anhydride and water, and is converted 
into parapectio acid, p 3fl8(Fr6my) — 2. It melts when heated, swells up, burns away, 
and leaves a difficultly combustible charcoal (Eegnault) — 3 When peotic aoid is 
boiled with water, parapeotic acid is formed, likewise when insoluble peetaotos are 
boded with water (Fr4my). 'When pectio acid is left m contact -witli water for two or 
three months, it dissolves as metapectie acid, which is likewise produced when peetie 
acid is boiled with water for 38 hours, or when moist peetie acid is dried by heat Not 
a trace of sugar is formed, even after boiling with water for seven or eight days, and 
the solution does not reduce potassio-oupric tartrate unless it contains para- or meta- 
peotie acid (Fi-6my) See below, 

4 Pectio acid is uot altered by cold oil of rntnol, hut is quicUy charred by that 
liquid when heated (Braoonnot, Eegnault). By boiling with dilute acids, it is 
oonvorted into metapeotic aoid, wliich dissolves (Fremy). It is not altered by hot 

ypij iihite hpdrooUorio acid (Eegnault) ^Peetie aeid prepared tom turnips does 

not dissolve uU after very long boihng with dilute acids (more quickly with eoncen- 
tiated acids) and the solution does not contsan metapeotic acid ; that which is prepared 
tom pectin decomposes much more quickly. When the first-mentioned pectio acid is 
boiled with ddiite mineral acids, the liquid Boon acquires a faint red colour, reduces 
copper- aud silver-salts, aud if bulphiu-ie acid la need, gives off carbonic and formic 
acids, aud, finally, an odour of caramel. The solution, which remains colourleaa if 
diluted at tbe right moment, leaves a black product when filtered, and if evaporated 
after the sulphuric acid has been removed by carbonate of barium, it leaves a ayi-up 
tom which alcohol precipitates a barium-salt soluble in water, leaving in solution a sugar 
(partly converted into caramel), which is fermentable and capable of uniting with 
common salt. The barium-salt, which is soluble m water, appears to contain formic 

tassium converted Into peetie acid by toluHon In potaah-ley and precipitation wltb hydi-ochlorlo acids 
contains 43-2 par cent carbon. S'6 hydrogen, and Sl 2 oxjgen 

Another »ckl, called hypcrpectlc acid, I» obtained from the tnmtp-pulp after exhaustion with 
, , -.j . „,i. 1 . 1 . an -T potash (not with ammontal, and precipitating with hydro- 


368 PECTOUS SUBSTANCES. 

acid, and an acid similar to malic acid (Chodnewl, The jcliy of pippins eompletay 
freed from sugar hy alcohol, is converted into sugar hy twenty minutes boiling with 
oxalic acid (Converehel, Ann Oh. Phys. [2] xlvi. 181). According to PiAmy, pectio 
acid iS transformed by acids in the sama manner as by water, therefore without forma- 
tion of sugar, Priiniy attrdiutas the formation of sugar in Chodnew's experiments to 
the prc,sence of starch in the poetic acid employed 

5 With nitric add, pectic acid yields oxalic acid (V auquelin) and mnoio acid 
(Prao onnot). Ohodnow obtained mucic acid from pectin, but not from peetio acid. 

"When psclic acid is heated with the .iqncons solution of caustic allahs or cdMine, 
carhanates, metapectic acid is formed (Prdmy) Pectin and peetio acid prepared from 
It, undergo these transformations much more re.idily than ordinary pectio acid (Frdmji, 
Chodnew). The hquid acquires a brown colour, but is not found to contain oxaUo 
acid (Prdmy). 

Peetates. Thepeetates of the altali-motals are soluble in water, the rest insoluble 
and gelatinous. The jellies precipitated from cold solutions are denser than those 
obtained from hot solutions (Begnanlt) At a moderate heat, the iicid expels ear- 
homo acid from aJlcahno carbonates It dissolves easily in aqueous aheaHs, even after 
dtyiug. The solution is not precipitated by mercuric chloride, hut with aU other salts 
it yiefia gelatinous precipitates, which dissolve in excess of allcah. It is difficult to 
obtain the salts at a definite degree of saturation, beeansa the neutral salts formed at 
first take up an additional quantity of pectio acid (Eegnanlt, Pr4my), When a 
soluble pectata is precipitated by a metalhc salt, the composition of the precipitate de- 
pends upon that of the soluble suit, and varies with it (Eegnanlt). ThejeUies pre- 
cipitated hy metallic salts from pectate of ammoniom and pectate of calcium, are 
transparent if the avid was pore. They obstinately retain portions of the precipitant, 
which cannot be removed hy washing on the filter, hut may be got rid of by pressing 
the jelly with the hand, pom'iug fresh water upon it, and so on, whereby the salt 
iicqniies the consistence of woody fibre, cud becomes friable after drying (Chodnew). 
Thu insoluble salts dry up to very hard, difficultly friable, horny, hygroscopic masses. 
They take fire when heated in contact with the air, retain water ob3tin.itely, so that 
they cannot bo dried below 140® or 160®, and decompose ut about 200° (Eegnanlt). 

The animonmm'Salt is obtained as a coloiu'less jelly by dissolving pectio acid in am- 
monia, and precipitating with alcohol. — The potasamin-salt is obtained in like manner 
as a jelly which becomes fibrous when washed with alcohol and dried at 120°. It re- 
dissolves ui water forming a neutral solution. Ohodnow found 18'89 per cent, potash 
(K®0) in the salt dried at 120°, mid 20 0 per cent, m the salt dried between 150° and 
160°. — ^Thesodiam-sttlf obtained in Idee manner is a colourless jdly containing (at 120°) 
18'73 per cent, sodium. (Chodnew.) 

Pcctaie of ianum is obtained as a colourless joUy by mixing chloride of barium with 
'll solution of peotie acid in ammonia. Erdmy obtains it pure by treating a cold sol- 
ution of pectin protected from the air with a largo excess of haryta-wutor. A copious 
precipitate of pectosiite of barium is then formed, which changes into pectate under the 
influence of excess of base. The precipitate is to he quickly washed and dried, first in 
a vacuum, tlieuin a stove at 120°. It contains 20T per cent baryta. (Mulder ) 

Tile cakium-sali is obtained in like manner as a transparent jelly, which m three 
preparations, dried at 120°, gave 12'S8, 12 42, and 12 46 per cent lime, (Chodnew ) 

The oopper-salt le a green jolly containing 16 86 — 16 88 per cent cupric oxide 
(Chodnew); of variable composition (Eegnanlt). The frnd-sali obtained by pre- 
cipitating acetate of lead with an ammoniaeal solution of pectio acid, eontiuns very 
variable quantities of pectic acid (84 to 60 percent, according to Frdmy) The organic 
matter in this precipit.ite contains, according to varione analysts, from 42' 9 to 46 2 
per cent carbon, 5 2 to 4-6 hydrogen, .ind 49 6 to 63-0 oxygen. The silcer-saU is 
difficult to obtain pure. Eegnanlt found it to contain quantities of silver-oxidc 
variong from 37 7 to 41 0 per cant 

From the above diecordont results of the analyses of peotates, it is impossible to ob- 
tain any verification of the formula of pectic acid. 

Parapeotio acid. ?~Peetic acid boiled for some time with water 

dissolves as parapectic acid. In like manner, peotates heated for several hours to 
ISO® or boiled with water, are converted into porapectates. Parapectic acid is also 
formed, together with pectic acid, hy the spontaneous decomposition of gun-cotton 
(Divers, Ohem Soo. I. xvii. 91.) 

Parapectic acid is soluble m water, uncrystaEisahle, destitute of optical rotatory 
power, and has a strong acid reaction. When heated, it behaves like pectin , when' 
dissolved in water, it is quickly converted into metapecUe acid ; when boiled with 
jiotaseio-caprio tarfracB, it precipitates cuprous oxide , and it is not fermentable. — It 
forms soluble s.alts with the alkalia, and is precipitated .therefrom hy excess of hanjia- 
toaier, being thereby distinguished from metapectic acid, from'bts aqueous solution it 
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IS precipitated by aleohoL The potassium-salt precipitated from its aqneons solution 
by alcohol, and dried at 150°, contains 28 per cent, potash (C“H“K^O“ = 22'4 per 
cent K^O) — The lead-salt obtained by boihng pectate of lead suspended in water for 
several hours, or by precipitating aqueous parapectio acid with neutral acetate of lead, 
was found to contain from. 40’0 to 41 7 per cent, lead-axide, and the organic part of 
the precipitate gave, as the mean of three analyses, 43 9 per cent, carbon 'and 4‘7 
hydrogen, whence Frimy deduces the formula 0"H®Pb®0“. 

IHetapeotlo add. 0"H“0“ ? Arndt ceUidiqm. — ^This acid oecurs as a product of 
the transformation of pectose, in all fluids of the vegetable organism which are in 
contact with tissue containing pectase. All poctons substances may be coni'erted 
either direct ly i nto metapotio acid, or into products which yield this acid after further 
treatment. When lime is allowed to act on mangold-wurzd pulp in the manufacture 
of sugar on the large scale, metapectate of calcium may be formed^ which than acoumu- 
lates in the molasses. It may be prepared by washing chopped mangold-wurzel with 
water , boUing the residue for an hour with mdk of hme and pressuig , evaporating 
the liquid to a syrup, and miidng it with alcohol. Metapectate of calcium then 
falls to the bottom, and after it has been decomposed by osalate of ammonium, the 
filtered solution is mixed with excess of neutral acetate of lead to precipitate colouring 
matter, phosphoric acid and other substances , and the filtrate is supersaturated with 
ammonia, which throws down metapectate of lead. By decomposing this salt under 
water with sulphydrio acid, and evaporating the filtrate, aqueous metapoetio acid is 
obtained as an amorphous, strongly acid mass, destitute of rotatory power, dehquescent, 
and easily soluble m water. The aqueous solution quickly becomes covered with 
mould, and IS decomposed by prolonged boiling, with formation of acetic acid and black 
ulmic acid. It reduces foiasm-aupno tartrate at the boding heat, also silver and gold 
salts. The meiapeotates (excepting the basic salts) are all soluble in water. The 
aqueous acid decomposes carbonates and neutralises strong bases 

Metapectate of Lead. — ^Aqueous metapeotio acid precipitates basic acetate of lead, 
but not tbe neutral acetate. The aqueous solutions of the alkaline metapectates added 
to neutral or hosio acetate of lead m excess (of the lead-suit?) throw down soluble 
precipitates The pioeipitates thrown down from aqueous metapeetie acid by basic 
acetate of lead contain from 67'6 to 68-8 per cent. (C?H'"Pb'O”=07'2 per cent. PbO) 
and 73 4 to 74 2 per cent oxide of lead (C’E^PbO' Pb''0 =76-4 per cent. PbO) ; after 
deduction of tbe lead-oxide, they contam on the average 43 61 per cent. C, 4'68 H, 
and 5 91 0, eorresponding to the formula (calc. 44 08 per cent. 0, 4 58 H, 

and 61 3 0) 

Pyropeotlo acid. Wiion pectin or either of its derivatives, such as pootie, para- 
peotio, or metapeotio acid, is heated to 200°, water and earbonie anhydride are evolved, 
and pyropectic acid remains in the form of a black substance insoluble in water, but 
soluble m alkaline liquids It contains 61 3 per cent, carbon, 6 3 hydrogen, and 43 4 
oxygen, whence Prtoy deduces the formula C“H''0’. It is remarkable that the 
hydrogen and oxygen in this body are in the same proportion as in the black acid of 
sugar. — ^Pyropectie aoid forms brown uncrystaUisable salts. (Frdmy.) 

Gteneral view of the transformations ofFectin and the mutual rdaUone of 
Pectous substanoes. 

1. Pectose heated with dilute acids is converted into peetin, which by longer boiling 
is transformed into metapeotio aoid. 

2 By boiling with milk of lime, it is converted into metapeotio aeid. Probably 
peotie aoid is formed m the first instance 

3. Pectin, when its aqueous solution is left to itself, changes into metapeetie aoid. 
It pectase is likewise present, the change takes place more quickly, poctosic, peebe, 
and metapeetie acid being successively produced When pectin is boiled with water, 
parapeotm is produced. 

4 Pectin boiled with strong acids, is converted into metapeetie aeid. 

6. By cold dilute aqueous alkahs, it is converted into peotosie aoid, which quickly 
undergoes further transformation mto pectio acid, or by boiling with strong alkahs, 
into metapeetie aoid. 

6. Parapeciin boiled with dilute acids is converted into metapeotin , aqueous alkahs 
convert it into a pectate. 

7. Metapeotin is converted by alkalis into salts of peetic aeid. 

8. Pectosia amd is converted into pectic acid by boiling with water, either pure or 
alkaline, or by contact with pectose. When boiled with aqueous alkalis it forms 
metapeetie acii 

9 Pectic and is converted, by long contact with water in the cold, more qiuckly at 
Vot,iy. BB 
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tile toiling lieafc, into parapeetic acid, tlien tetter into nietapectio acid. Boiling -witj^ 
acids or alkalis likewise conTerts it into metapeetic acid. 

10. Parapcctie aitid in contact witli water, is quickly converted into metapeetic acid! 

11. Metafectio amd cannot be converted into any other substance of the pectin 
group. 

PBCASriTE. NatiTe phosphate of aluminium from Strigis near Freiberg (see 
Phosphatiss). 

f Eoavcnc KABKAEA, AEKAEOID5 OT. See BAHMAiunE and Bas- 
MINIJ (ill. 7). 

FECnCATITE. Girapbic granite. 

EECMATOEITS. Syn. with Okthoolasd. 

EEOBIin'. A protein-substance obtained by Thomson ftom the huff coat of the 
blood of men and horses, by washing with cold water and exhausting the dried residue 
with alcohol and ether. It contains sulphur, and is regarded by Thomson as a 
peculiar substance. 

PEEARGOIfE. C'iE'^O » C!»H;>bC"H‘’0. Oetyl-fdmgyl —Wsxea pelargonate 
of barium is submitted to dry distillation, this compound passes over as a brown oil 
which sohdifles on cooling, while carbonate of bariuin reinains behind. The distilled 
products, after pressure between bibulous paper, form a solid substance which dissolves 
easily in ether, and is deposited by spontaneous evaporation m large laminEe which 
assume a nacreous ntipect when diy. It is strongly attacked by fiuning nitric acid, 
forming a nitro-acid. 

PEEAROONEE'E. C'H'». Syn. with Noim.ENii (p 134) 

PEEABGOEIC acis, C“H'®0’ = (Eodtenbaoher [1S46], Ann 

Oh Pharm. lix. 62 — ^Pless, lUd. lix. 64. — Gerhardt, Ann. Oh. Phys [3] sxiv 107. 

■ — Oahours, Compt, rend xxvi 262 — Ohiozza, Ann, Oh. Phys [3] xxxix. 207). — 
This acid exists in the volatile oil otPelargomnmToseum 1. Itisproduoed, togetherwith 
several other volatile acids, m the distillation of choloidio ana of oleic acid (p 193), 
with nitric acid (Bedtenbaoher). — 2. In the oxidation of oil of rue by nitwo acid 
(Gerhardt and Oahours) — 3 A small quantity of pdargonic acid is formed together 
with many other volatile acids, in the putrefaction of yeast (W. Muller, J. pr. 
Ohem. Ixx. 66 ; 0 Hesse, tbtd bexi, 472.) 

Preparation. From od of rue — ^Wben 1 pt. of oil of rue is gently heated with 1 pt. 
of commercial iiitnc acid and 2 pta. of water, an action sets in, violent at first and eou- 
tinuing for a quarter or lialf an hour, even after the fire has been removed Tlie liquid 
IB then boiled and cohobated repeatedly, till scarcely any red fumes are evolved , tbe 
layer of oE is decanted, washed with_ water, and treated with aqueous potash, where- 
upon some non-ncid oil of a very acrid odour is sepmated ; the fdkaline solution is dep 
composed by sulphnne acid ; and tbe oily acid which separates, and is contaminated 
with resin and colouring matters, is coUeoted and rectifled. The distillate is neutralised 
with baryta, &ecd ftom excess of baryta by cold water, dissolved m boiling alcoliol, 
then filtered and cooled to the crystallising point Pelargonate of barium then orystaii 
Uses out (the mother-hquor sometimes retains caprate of barium) , and this salt decom- 
posed by dilute sulphmnc acid yields pelargonic acid, as an oil floating on the surface 
(Gerhardt) Owing to certain circumstances not ascertained, a compound of niti'ie 
oxide with pelargonic acid is sometiinea obtained in this process. (Chiozza ) 

From the blossom and herb of Pelargonium roeeum . — ^Thoberbis mstiUed with water, 
the distillate saturated with baryta . the neutral oil distilled off; and the residue evapo- 
rated to dryness and exhausted with boding alcohol, which takes up pelargonate of 
barium (Pless) 

Properties . — Pelargonic acid is a colourless od (greasy according to B e dtenb a oh er) 
which solidifies in the cold, meltmg afterwards at 10“ Smells shghtly of butyric acid. 
Bods at 260° , in a stream of carbonic anhydndo it distils imdQeomposed and colour- 
less (Oahours). It is slightly soluble in water, very soluble in alcohol and ether. 

Pecompoeitions. — 1. Pelargonic acid becomes yellow by keeping (Caliours).— 
2. ‘When 1 ;pt. of pelargonic acid is intimately mixed with 4 pts of potash-hme, and 
gradnally raised to a red heat in a coated retort, much gas escapes, a clear, amber- 
yellow, thin liquid passes over, and the alkali, partly combined with carbouio acid, re- 
mains behind Bromine absorbs the greater part of the gas, composed of ethylene, 
tritylene and tetrylene , the uncondensed portion hums with a very faint flame, and is 
a mixture of hydrogen and maieh-gas. The liquid, during rectification, begins to bod 
at 106° to 186°; up to 110“ hexylene passes over, tho remainder between 186° and 
140° (Oahours). — 3. The acid is resolved by tbe dry distillation of its barium-salt 
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into caibonic anTiydrido and pekvgone (CahouiB). — t. It is -violently acted -upon 
by ^mtaMonde of plmpliorus, evol-vmg hydroohlonc acid and forming oxychloride of 
phosphorus and chloride of pelargyl. (0 ahonrs.) 

Pdargomte of Ammonium, is crystalline (pahours) Pelareonie amd suspended 
in ammonia and heated forms a transparent jelly, rosembhag gelatinous silica. This 
jelly dissolves -when heated with a larger quantity of -water, and forms a milky liquid, 
resembling a solution of soap, and congeahng in the cold to a pap-hko jeUy. The salt 
dissolves very readily in cold alcohol (Gerhardt). The ^lotessitoa- and sodimi^salta 
are readdy soluble and erystalhsahle. (Oahours ) 

Pelargonate of Banwm, C''H“''Ba"0-‘, prepared as above, forms white sealoa, having 
a poorly lustre (Garhardt); largo laminee resemhling eholosterin (Eedtenbacher). 
Oontams no water of crystallisation. Dissolves but sparingly in cold, somewhat more 
in hot water (Gorhardt), dissolves in water less readily than the similarly crys- 
taUiBing valerate and oananthylate of barium, but more readily than the caprate. It 
dissolves -with diffleultyin alcohol (Eedtenbacher) The cahnKm- and stroatmii- 
salts crystahiBo from alcohol m pearly scales, sparingly soluble in water. 

Polargonato of Copper, 0'®H®*Ou'0*, is obtained by precipitating the alcoholic am- 
momum-aalt -with aqueous nitrate of copper. The abundant greeniah7blue precipitate 
dissolves m boiling alcohol, and on evaporation yields drops of a green oil which 
sohdify on coolmg, and when dissolved in boihng alcohol crystalliae in graenieh-blue 
grains as the hqiud cools. It retains 2 at water at 100°, and m that state gives by 
analysis 16'46 per cent of copper (calc. 15 38). 

Pelargonate of Silver, C°H'’AgO^ is obtained by precipitating the hot aqueous 
solution of the banum-salt with nitrate of silver Analysis AO 7 — A1T6 per cent, 
silver — oalo. iO'76 per cent. 

Pelargonate of Bthgl. = C'’H*’'(C’H‘)0’. Pelargonio etlusr . — 

Produced from chloride of pelargyl and alcohol, also by passing dry hydrooMorie 
acid gas through alcohoho pelargome acid, whereupon the ether separates as a 
yellow oil, which is to be washed successively with sodic carbonate and water, then 
dried over chloride of oalcium and rectified ''Whon thus purified it forms a colourless 
od of specifio gravity 0 86, boilmg between 216° and 218°. By hoihng-with potash 
it is resolved into alcohol and pelargonate of potassium The so-caUed emanthus ether 
(p 174) IS probably the same compound. 

ANBYDRZOS. = {fPW'C'fQ.—ArJiyirmaPda.r- 

gonic amd, Pelargonio pelargonate (Oahours, Ann Oh Phys [3] roix. 207)— Ob- 
tained bythe action of oxyoMoride of pbosphorns on pelargonate of barium. Colourless 
oil, hghter than water, solidifying at 0° to a mass of fine needles, which melts at 6°. 
Smalls slightly rancid in the cold, but vinous and aromatic when mixed -with hot 
aqueous -vapour. Heated on glass, it evolves aend fiimes and the odour of biumt fat. 
It IS very slowly transformed into pelargome amd by water, by aqueous alkalis less 
easily than oaprylic anhydride. 

• Bensopelargonic Anhydride, Already described (i. 558). 

PEiiABaoiarxo btkbb. See Piilajigona.te op Etbvi. {supra). 

PEIiABG'irx,. C“H''0.— The radicle of pelargome acid, &o. 

Oklonde of Pelargyl, C^H^OOl, is obtamed by the actiou of pentaohloride of phos- 
phorus on pelai’gonio acid. After rectilioation it forms a colourless liquid hea-ner than 
water, having a suffocating odour, giving off dense fumes on exposure to the air, and 
boiling at 220°. In contact -with doohol it becomes strongly heated, and forma pelar- 
gonate of ethyl. (Oahours, loo. cif) 

hair, a oapiUary vanoty of obsidian fiiom Hawaii (p. 170). 

PBIiICAH-ITE. A variety of eimohte (i 986) &om the decomposed granite of 
Kiew m Busaia- 

PEIiIOM. A smoky-blue variety of diehroite from Bodenmaia in Bavaria 
(ii, 320). 

PBIiXiTTTEIH'E, A base formed, according to Bodekev, ffom hydrated peloaine, 
by contact -with air and light. On treating the yellow product -with ^cohol, peUuteuie 
masolvos and separates on coohng m browmsh-yellow flocks, containing (at 110°) 73 9 
per cent carbon, 6 2 hydrogen, and 3-8 nitrogen, agreeing approximately with the 
formula C'*H'”]!TO®. The cliloroplatimte is a precipitate coutaming ftom 17 7 to 18 0 
per cent platmum. 

PEBOCON-ZTS. A variety of cupreous manganese (iii. 814), havmg a liver- 
brown streak. 

PEXiOPXUKC. See Niobium (p. 48). 

PBZiOSXH-E or Omampehne. C^H^NO’, (Wiggers, Ann. Oh. Phann. xxvii, 29 ; 

B B 2 
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XKxiii 81. Bodaker, liix 63.) — An alkaloid contained in the root of PrtmVa Jrawa, 
commonly attributed to Oisaampelos pardra, L., a shrubby mem&permaceoiis plant, 
growing chiefly on tha woody hiUs of the Antilles. It is obtained by exhausting tha 
root with dilute sulphimc acid, precipitating with carbonate of sodium (not in excess), 
dissolving the precipitate in other, and evaporating. Pareira toot yields from ^ to 
of its weight of pelosmc 

Pelosino obtained aa above foims an amorphoua transparent varnish. On adding 
water to the ethereal solution, and expelling the ether by distillation, it separates as a 
white pulverulent hydrate, which gives off its water at 100“ and loaves a residua 
soluble in alcohol and ether. Pelosine is insolnblo in water, uiicrystaUisable, inodorous, 
hut has a sweetish hitter taste. It blues reddened litmus When dried at 120° it 
conhiius 71'0 to 72 0 per cent, carbon, 7 2 to 7'0 hydrogen, and 4 7 nitrogen, agreeing 
nearly with the above formula (calc 72 2 carbon, 7 0 hydrogen, 47 nitrogen, and 16 1 
oxygen), which is the same as that of codeine. According to Bddeker, iiydmtod pelosme 
contains 8 21 per cent, water. 

Pelosine nndeigoea alteration in contact with the air, especially under the influence 
of heat and moisture. It is resinised by moderately strong nitric acid. 

The salts of pelosme Me for the most part very soluble and difflciiit to crystolliso. 
The solutions give piecipitates with aunc and platime chlorides. The hyirocUoi ate, 
C”'H''H0'.H01 H’O, IB best prepared by passing dry hydrochloric acid gas into a 
solution of pelosine (previously dried at 120°) m absolute ether. The salt is then 
deposited in white flocks, which must he washed with the same liquid When dned it 
forms an amorplious, very hygrometrio powder, verv soluble in water and in aleohoL 
The solution loaves a vamisb when evapoiated. The salt dried at 110° is anhydrous. 
The 2(C‘*H’'!NO*HCl')Pt''Cl* (at 110°) is a pale yellow, amorphoua, 

strongly electric precipitate The chromate, C'ff'NO* Cr''H“OhH^O (?) is a yellow 
flooouient precipitate which turns brown during washing, and when heated a few 
degrees above 100°, decomposes suddenly, giving off elunohne (?) and phenyho 
alcohol, 

PEITCATXTI!. A variety of hydrodolomite, found on Vesuvias, and at Predazzo 
in South Tyrol. Specific gravity 2 634 to 2 613, Oontains 26 7 to 29 8 per cent 
oaibonie anhydride, 36 85 to 367 lime, 24 9 to 28'8 magnesia, and 16'6 to 107 water, 
agreeing approximately with tbe formula Oa"CO“ Mg"H*0*. (Both, J, pr. Ohom. 
sxxvi, 804. Dam 0 nr, Bull geolog. [2] iv. 1062.) 

PBirOHAWAR OJAIWBJ. The hairy stem of an East Indian fern, aiotiim 
Ommngii (i. 962), used for arresting heemorrhage 

PEWHTITIB. A variety of chlorite from Zermatt in the Valais (i. 918) 

PEimiTB. Syn. with Htdboniokbimaqmbsm® (in 212). 

PENTA. A prefix denoting that a compound contains 6 atoms of the element 
speoifled . e.g. pentachloride of phosphorus, PCI' , pentaohhracetone, C'HOl'O. 

PBKTACHEOKOkVEm or PBSrTACHBO&OX'S'XiOISrB. One Of the 
products obtained, according to Gorup-Besanez, by the action of hypoehlorous add on 
creosote (ii. 106). 

PE»TASEtZiPBOP-a:ROPHOBPHAl<E OP ETHPX. See SuWHOimoB- 
PHOBIO Etsbus. 

FENTBTHTEESrxO AECOBOE. See ETKictEKB, Hydextbs OF (ii. 677). 

PENTATKIOKIIO AOXD. See SravKHii, OxYOEN-ioms of. 

iP^PI'OliXTBi A mineral flxim Ramsberg in Sweden, having the composition of 
a hydrous dichimte (ii 320). Specific gravity 2 68 to 2-75. Contains 46 96 per cent, 
plica, 30'61 alumina, 677 ferrous oxide, 7-99 magnesia, 0'60 lime, and 8 30 water. 
(Carlsson, Kongl. Vet. Acad. Porh. 1867, p 241.) 

PBPSIW, (Schwann, Miiller’s Arch 18S6.~'Wasmann, Dissert. 1839 Dehm. 
Phys. Ch. ii. 40. — Briicko, Wien. Aciid Ber. iliu. 601 — Schmidt, Ann. Oh. 
Phaim, Ixi. 22.) — ^The “ active principle ” or digestive •' ferment ” of gaBtrio,]uice. The 
name was first used by Schwann. Ho precipitated gastric juice or acid infusion of 
stomach with mercuric chloride, snspendad the precipitate in water, and got rid of the 
mercury by sulphuretted hydrogen. The hqnid thus obtained very speedily dissolved or 
digested albumen, &e , at a blood-heat; and Wasmann showed that friom it could he 
precipitated by alcohol a substance which, when redissolved in dilute acids, exhibited 
the same digestive powers, and to which the name of pepsin was given. Pepsin, thus 
prepared, was fr-om its reactions judged to be a protain-body. But Mulder obtained 
artificial digestive fluids, fi-ee irom proteie reactions, and quite recentiy Bruoke has 
been able to prepare pepsin m a state of gi'eater purity. An infusion of the glandular 
layer of the stomach, made with dilute tribamc phosphono acid, is filtered and ueu- 
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toalised ■with ]jme-water The 'bulky precipitate of calcic phosphate, which carries 
down -with It mechanically the greater part of the pepsin, is collected, washed, pressed, 
and treated -with dilute hydrochloric acid. The solution is again precipitated by 
lime-water, and the deposit again diasolred in dilute acid. To this second solution is 
gradually added, by means of a long filter reaching down to the bottom of the vessel, 
a saturated solution of cholestena in a mixture of 1 part ether and 4 alcohol, and the 
whole IS well shaken. The eholesterin, -with the mechanical^ entangled pepsin, is 
separated by filtration, well washed, and treated with ether. The ether, holding the 
eholesterin in solntion, is then ponred off, and the remaining hquid filtered. The 
filtrate which, when feebly acidified, acts very energetically on protein-bodies, gives 
no precipitate -with mineral acids, tannin, or mercuric chloride, and only a turbidity 
■with the acetates of lead. It gives no xanthoproteic reaction, and is not coloured by 
sjdphiirie acid and sugar, or by strong hydroehlono acid Pepsin appeals, therefore, 
not to be a protein body , that of previous -writers evidently contained other substances 
beside the actual "ferment” itself 

Pepsin is only active in a dilute acid solntion. It is apparently more active in 
coujuuetion -with hydroehlono than -with lactic or other aeids A too high or too low 
degree of acidity is injurious, 0'08 — 0 2 per efent. of hydrochloric acid being about the 
most suitable. Neutralisation suspends, -mthont destroying, the action of a dilute 
acid solution. Strong alkahs seem, however, to injure pepsin 

The temperature best suited for the action of pepsin is that of the body. According 
to Brin ton, the partieular degree vanes ■with the individual temperature of the 
hnimal, the pepsin of fishes being inert at the temperature of the niammaUan body. 
In general, temperatures above that of the body are aiqunous ; those below retard the 
action. A solution of pepsin is completely deprived of ite energy by boiling 

Pepsin appears not to be used up or consumed during digestion; that which is 
ponred into the alimentary oamd during digestion passes out in part by the -unne after 
It has done its work, and may he recovered from that fluid. Bruoke found it also 
in flesh 

The mtdiia opemndi of pepsin is unknown It is usually called a “ferment,” hut 
some other name seems to he needed to distinguish its action from such a process as 
vinous fermentation. The theory that “the action of gastric juice is a transfer to 
albumin, &o , of a molecular change going on in the gastric juice, pepsin and peptone 
being essentially analogous to each other in properties," is distiuetly negatived by the 
fact of pepsin not bein^ a protein-compound, and we may lufer, fi’om pepsin not 
being used up in digestion, and from its possessing in itselt no great proneness to 
change, that any “ energy ” which is concerned in peptomfleation does not come from 
tlie pepsm itself. 

Pepsin, as secreted in the so-called peptic glands of the stomach, is neutral , the 
secretion becomes acid in the ducts of the gUuds (Bruoke) Schmidt supposes 
that pepsin and hydroohloric acid unite to form a compound acid, the chloro-hydro- 
pepsic acid. 

The action of pepsin is hindered by the presence of peptones. Hence, when portions 
of albumin, &o., are successively added to a given quantity of solntion of pepsin, the 
process of digestion is at last arrested. The addition of fresh dilute acid will, however, 
renew it 

A preparation has become an article of pharmacy under the name of pepsin. It is 
obtained by diying the glandular layer of pig’s or calf s stomach at low temperatures. 

M B. 

peptones. (Behmann, Lehrb i 818. — ^Briioke, "Wien. Acad. Bar. xxxvu. 
131.— Meissner, Zaitsohr. Eat MeA vii. 1, vui. 28Q, x. 1, mi. 46, iiv. 78, 303.) 
—Derivatives of the protain-hodies arising during the process of digestion; albumi- 
no86 of Mialhe. According to Lehmann and Mulder, the peptones are white 
amorphous bodies, insoluble in alcohol but readdy soluble in -water, the solution 
reddening litmus. They form soluble neutral compounds -with alkaline and earthy 
bases. The feebly acid solutions are not coagulated by boiling, not precipitated by 
alcohol, mineral acids, carbonate of ammonium, sulphate of sodium, neutral acetate of 
lead, or ferrocyanide of potassium, but by tannin and mercuric chloride They turn 
the plane of polarisation to the left, and give MiUon’s and the xanthoproteic reaction 

Meissner’s account of these bodies is as follows. 'When the opalescent fluid 
resulting from the digestion of coagulated albumih with pepsin audhydrochlorieaoid of 
O'l — 0 2 percent strength, is filtered and earefully neutralised, a white flaky precipitate 
is thrown duwu, which may bo separated by filtration, leaving the rest of the liquid 
perfectly clear The acid solutions resulting fWim the digestion of casein, mnacle- 
fihre, and hlood-fibnn, give, when ueiitrahsed, a similar precipitate, which Meissner 
calls parapeptone '^eu the clear neutral fluid remaining after the separation of 
the parapeptone is carefully acidified, so that the amount of friee aeid is very small, a 
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second precipitate is formed, which also may ho removed hy flltration, and to which 
the noma of metapeptona has been gvven(oiily a very small quantity of this body 
can be obtained by the digestion of albumin). The fllfrate coutmus the peptones. 
■When fibrin or casein is exposed to artificial digestion, the whole is not dibsolved, 
hoWQver long tho process may be earned on , a flaky precipitate is always formed, 
and this Meissner ealla dyspeptono Besides theso bodies the solutions always 
oont.un various saline, fatly, and oxtractivo bodies, in spite of tho m6st careful oleanng 
of the original protein-substances. Meissner describes tho peptone of albumin as ^ving 
Lehmann’s reactions, but states that the peptone of musclc-flbrc is also precipLated 
hy alcohol, the nitrates of mercury and silver, ferroeyanido of potassium, and basic 
acetate of lead He fui'ther believes that tho peptone of flbnn is a mixtm'e of throe 
bodies,— a. peptone precipitated by concentrated nitric acid and by ferrocyamde of 
potassium in the presence of a smidl quantity of acetic acid ; b peptone precipitated 
by feri'otyanide ot potassium only in the presence of much acetio acid, and not at all 
hy nitric acid; c. peptone precipitated by neither 

Pnrapeptone (from albmjiiii) is insoluble in water, hut very soluble in dilute acids 
and alkalis, fl-oni its solutions m which it may bo precipitated by a mixtiu'e of alcohol 
and ether (but not by alcohol alone), also by tannic acid, basic acetate of lead, and mercu- 
ric cliloride. From its acid solutions, it is precipitated by concentrated solutions of the 
neutral alkidine salts, and from its acetic acid sblution by ferrooysnide of potassium 
It gives MiUon’s reaction. The parapeptones of flbnn and musiiie-flbre are similar to 
that of albumin. That of casein is distinguished by the precipitate formed by neutral 
alkaline salts, being soluble m excess of tho reagent. Inasmuch as parapoptone 
appears at every stage of the (artificial) digestion of protein-bodies, increasing in 
amount as the process continues, and auice it cannot by the action of pepsin be 
converted intc^eptone, Meissner regards it as a distinct final product, and not as a 
mere stage. He believes that p,increatic juice has tho power, which gastric juice has 
not, of converting it into peptone The bodies he has called meta- and dyspeptone he 
considers as mere temporiuy modifications of peptone and parapeptone. 

Briicke, on tho other hand, asserts that parapeptone is easily converted into 
peptone, is not in any sense a final product, and considers its precipitation from the 
original opalescent fluid hy a neutral salt or by neutralisation, to be a mechanical 
rather than a chemical process. Others hold parapeptone to be identical with syntonin. 

The peptones cannot be produced by the action of dilute mineral acids, in tho 
ab'eneo of pepsin, at the temperature of the body, but the change may be brought 
about by prolonged boding either with dilute aeids or with distilled water. The 
action of ozone also gives rise to similar products(Gorup-Besan6z) Thiry gives 
the elementary composition of parapeptone as 0 fil‘34, H 7 25, N 16 18, S 2T2, 
0( + P) 23T1, of peptone (obtamed by prolonged boding with distilled water) 
0 60'87, H 7 03, N 16’34, S 1 64, 0( + P) 24-12. that of the albumin used for the 
experimenta and prepared by neutralising a aolution of white of egg in dilute hydro- 
chlorio acid of 0 2 per cent, strength, being 0 61'37, H 7T3, N 16'00. S 2a2, 0( + P) 
23’38. 

The protein-bodies from the vegetable kingdom arc m a similar way changed hy 
the action of pepsin into peptones (and fiarapeptone). Gelatin appears to he merely 
dissolved by the acid of gastric jiiiee, not converted into peptones , ehondrin is split 
up into a peculiar sugar (cartdage-sngar) and a mtrogenous body resembling gelatm. 
(Meissner.) M. F. 

PBB. A prefix used, for the most part, to denote that the compound to which it 
belongs is the highest of a certain senes e,g. perehloride of phosphorus PDF, per- 
oxide of manganese MhOb The terra peroxide was formerly restricted to oxides like 
MnO“ and PbO’, which give up a certain portion of their oxygen when treated with 
acids, and form salts corresponding to lower oxides ; but i.bia use of the word is now 
nearly obsolete 

PBBBROBMC Acxn. BrHOb (Kammerer, J. pr. Chem. xo. 190; Bulb 
Soe. Ghim. 1863, i. 129.) — Obtained by the action of bromine on perchloric and. On 
evaporating tho hquid over the water-bath, petbromio acid remains as a colourless oil, 
which is not decomposed by hydrochloric, sulphurous or sulphydric acid Ferbromate 
of potassium is obtained as a raystaUine precmifcate on mixing concentrated solutions 
of perbromie acid and caustic potash or chloride of potassium . it is more soluble than 
perchlorate of potassiran, but less soluble than the bromate, — The banum-salt is very 
soluble in boihng water — The sdver-salt is sparingly soluble in cold, much more 
soluble in boiling water, and erystalhees in long neeffles on oooUng 

PEBOHBOIld.irXIS. MOlO* or M"OFO", according to the atomidto of the 
metab The general characters of these salts have been already described (see (jhloeihb, 
OxvQEir-acms op, i. fllO). 
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FereMorate of Ammontum, HE'dlO'*, forms transparent rectangular prisms 
with dihedral summits; laomorphons with, the potassium^salt (p. 37h): a ' 6 : o = 
07926 1 0 6409 Angle ooP • ooP (maer) = re^iP.P®;? (basal) = 

77° 55' (Kopp) It IS soluble in 6 pts. water, somewhat soluble also in alcohol. The 
solution when oraporalod gives off ammonia and bromic acid. It is soluble in excess 
Of perchloric acid, and is therefore precipitated by the latter 

Ferchlorate of Barium, Ba"OPO“, obtained by saturating the acid with caustic 
baryta or barytie carbonate, or by decomposing thezmc-salt with baryta-water, ciystal- 
lises in long deliquescent prisms, easily soluble m water and in alcohol. Paper satu- 
rated with the aqueous solution burns with a green flame. (Serullas.) 

Berchlorate of Gadimum Gd"CPO“. Deliquescent, but crystallisea when its 
aqueous solution is evaporated by heat. (Serullas.) 

Perchlorate of Calcium. Ca''Cl''0». Very deliquescent, crystalhsss in prisms 
soluble in alcohol. (Serullas) 

Perchlorate of Copper, Gu''OPO", form largo blue deliquescent crystals. 

Ba&io Perohlorate of Ouprammonium. (l)[*H“Ga")"0PO".2(IfH*)B[O = 

*) 171 

Cu" Inn obtained by dissolving cupric carbonate m perchloric acid, supersaturating 

(C10®)’i^ 

with ammonia, and covering the solution with a layer of alcohol, forms dark bine non- 
deliquesoent crystals which crumble to a green powder on exposure to the air The 
concentrated aqueous solution is completely decomposed by boding into free ammonia, 
perohlorate of ammomum, and black oxide of copper. (Eoscoe, Ann. Ch. Pharm. 
cxxi. 346 ) 

Perohloraies of Iron.— The ferrous salt, Pe''GPO*, obtained bv precipitating 
ferrous sulphate with perohlorate of barium, forms long colourless needles which may 
be exposed to the am for some time without decomposing, but ultimately tmm yellow 
from formation of basic salt (Serullas). By dissolving metalhc iron in diluta hydro- 
. chloric acid, the salt is obtained in small, greenish-white, very deliquescent crystals, 
eonlainmg Fe"CPO“ 6H*0, which do not give off their water either m vacuo over 
oil of vitriol or at 100°, but decompose at higher temperatures (Eoscoe) Ihefemo 
salt is not known, ^ 

Perchlorates of Lead — A solution of lead-oxide in aqueous perchlono acid 
yields by spontaneous evaporation, a mass of indistinct spiculor crystals of the neutral 
salt (^Pb"OPO" 3ffO, according to Eoscoe), easily soluble in water, and having a 
sweetish astringent taste The crystals do not give off their water in vacuo or at 100° 
(Eoscoe). On boihng the concentrated solution with a large excess of load-earhonate, 
'and evaporating, indi^ct lustoeloss crystals are obtained, which are resolved by 
water into a soluble and an insoluble portion, and the solution thus obtained yields on 
evaporation a basic salt, Pb"CPO* Pb"H®0‘, in crystals of two different forma, one of 
which becomes dull when taken out of the liquid, while the other remams bright and 
transparent, (Marignac, Beoherchea sur les forms orystaBines, &e, Q-enive, 1886, 
P 36) 

Perchlorate of Manganese. Mn"ClW — ^Deliquescent, soluble m alcohol, not 
crystaUisable. 

Perchlorates of Mercury. — The merourous salt, Hg'ClO^.SH’O (Eoscoe), 
cryataUises in small concentnc needles which do not alter on exposure to the air at 
OKhnary tomporatures (S eritll as), and do not give off their water in vacuo or at 100° 
(Eoscoe), The mercuric salt, Hg"CPO*, ciystaUiees when evaporated by heat, in colour- 
less, rectangular, very deliquescent prisms, which dissolve m alcohol, leaving a white 
substance winch turns red during filtration, and consists mainly of mercuric oxide. 
The liquid filtered from this precipitate yields on evaporation a mixture of mercurous 
and mercuric oxide (Serullas.) 

Perchlorate of Potassium. KCIO* — This salt is produced by the decomposition 
of the chlorate . 1 Chlorate of potassium is kept in a state of fusion tall it begins to 
assume a pasty condition, or till about four litres of oxygen gas have been given off 
for every thirty grammes of the salt. The residue then consists of a mixture of per- 
chlorate and chloride of potassium • 

2K010> = K010< + KOI + 0“. 

K it sfaU contains iindecomposed chlorate, a sample treated with hydroehlone acid will 
exhibit a yellow colour , in this case the heatmg must be prolonged. On dissolving 
the residual saline mass in the smaUest possible quantify of boding water, and leaving 
the solution to cool, perohlorate of potassium separates m sniaU shining ciyshils which 
may he freed from chloride by rocrystaUisalion. 
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2. OUorato of potasainm is ftused at a gentle heat, then iatrodaced in as large pieces 
as possible into a retort, and covered mth three and a-half to four times its weight of 
strong sulphuric aeid. The j^rewous fiision of the salt as neoeasary, to diminish the 
number or points of contact with the acid, and thus to moderate the action, which might 
otherwise become so rapid as to canse a dangerons explosion As soon as tbe mass 
has ceased to mvo off a yellow gas, tho retort must be plunged into water heated not 
above 60°, and to such a depth as to warm only the saline mixture, not the gas above 
it. Tbe saline mass becomes colourless after a while, and then consists of a mixture of 
aeid sulphate and perchlorate of potassium, the latter of which may bo crystallised frem 
boding water and pimflad by rccrystallisation as before. 

3. Perchlorate of potassium may also be obtained by heating the chlorate with strong 
nitric aeid (Penny, J. pr. Ghem. xxm. 206).— 4. By electrolysis of the chlorate (Sta- 

Perohlorate of potassium crystallises in limpid right rhombic p'isms, t»P . Pco , the 
latter often predominant ; also with oP and other faces. Ratio of axes a . b ■ c = 
0'7817 . 1 0'6408. Angle ccP ooP m tho macrodiagonal principal section =. 76° 2', 
Pco • Pc* (basal) => 78° 41' (Kopp). The eryatala are anhydrous but contain alittla 
deorepitation-water. The salt has a slight taste hte that of the chloride, dissolves m 
65 pts. water at 16°, in a mnoh smaller quantity of boiling water, and is insoluble or 
very sparingly solnblo in alcohol (Sernllas) According to Eosooe, it is as soluble 
in absolute alcohol as carbonate of barium in water, bub in alcohol containing a smull 
quantity of acetate of potassinm it is absolnteljc insoliible, 'When heated above 400° 
It is resolved into oxygen and chloride of potassium. It deflagrates slightly on red-hot 
coals. In consequence of the sparingly solubihty of this salt in water, percUono acid 
forms a preoipitute in the solutions of nearly all potassium-salts, oven of alum and 
tartar-emetic. 

Perchlorate of Silver, AgClO', does not crystalhse, but forms a white powder 
wbieb deliquesces in tbe air and is soluble in aleobol The aqueous solution turns 
brown in sunshine. Tho dry salt may be fused without much decomposition, and solid- 
ifles in the orystalline form on cooling , but at a higher temperature it suddenly gives 
off oxygen, and leaves chloride of silver. (Serullas ) 

Ferohlorate of So Hum, NaOlO^ maybe prepared by direct oomhiniition, or bjr 
heating tbe chlorate with strong nitoo acid. It is deliqnesoent, soluble in aleobol, and 
syiarates &om tbe solution in transparent laminte (Serullas) ; rhombohedrons 
(Penny), 

Ferohlorate of Zeno, Zn"CPO* crystallises by evaporation in tufts of deliquesoeiit 
needles, soluble in alcohol. 

PBSCBIiOAIO BTBEB. O^IPCIO'. Ethylk Ferohlorate. FercMoraie of 
tthyl (Clark, Hare and Boyle, Phil. Mag. [S] xix. 370. — Bo-ooe, Chem.Soo.J. 
sv. 218 ) — This eomponnd is best prepared b;^ distillmg a mixture of ethyl-sulphate 
and perchlorate of banum. An alcoholic aolntion of perehloiste of silver treated wifh 
ethyhc iodide, even at — 10°, yields merely perchloric acid and etbyho oxide, and on 
bringing perchloric aeid in contact with alcohol or ether, a violent explosion generally 
takes place. 1 at. perchlorate of barium is rubbed to a flne powder with 1 at crystal- 
lised ethyl-sulphate of barium ; and a small quantily of the mixture, not exceeding 80 
grams (on account of the danger of explosion), is mtrodueed into a small retort oon- 
neoted with a tuhs-shaped receiver surrounded with ice and heated in an oil-hath 
provided with a theimometer, by means of an Argand lamp, which can ho quickly 
removed. A wooden screen with holes flUed up with plates of glass must he placed 
for proteotion between tho operator and the retort. Bo action takes place tul the 
temperature rises to 100°, and so long as the water (of crystalHsation) has not passed, 
over, there is no fear of explosion. But above 100°, tlie heat must be very slowly 
raised to 171°, at which temperature the distillation comes to an end • 

0®»Ba"S“0’ H- Ba"OPO« = SBa'SO* + 2C»H"010h 

■With perchlorate of potassinm the operation does not succeed ; neither can the ether 
be obtained by the use of ethyl-sulphuric acid instead of the barium-salt. 

The percblorio ether collects in the receiver, coveiud with a layer of water The 
water is removed, without taking the receiver m the hand, which might cause an ex- 
plosion — ^by means of a strip of paper moistened at the end. To preserve the per- 
olilorio ether without danger, it may be mixed with absolute alcohol, for a mixture of 
1 to 2 parts absolute alcohol with IJio perchlono ether obtained ftom 1 pt ethyl-sul- 
phate of barium does not expMe. The pare ether may ha again separated from this 
mixture by the addition of an equal bulk of water ; tho separation is however always 
attended with loss, because the water exerts a decomposing action on the other. All 
manipulations with this compound should be performed with gloves on the hand, and a 
mask with thick eye-glassesbefore thefece. (Hare and Boyle.) 
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Eosooe diBtals an mtimata mistnie of equal ■weights (10 grms ) of the two salts in 
a small retort heated in an oil-hath, the neck of the retort being bent downwards, and 
passing into a test-tube contiining a small quantity of water. About 2 cub. cent, of an 
oily hqmd heavier than water then passes over between 140° and 160°, and at 170° 
white fnmea of perchlorio acid are given off. The oily distillate is purified by repeated 
washing ■with water. 

Perchloric ether is a transparent and eolonrless Eqnid, hea^vier than ■water, of apee- 
able odour, and sweet, afterwards bitter, ewmamon-like taste, insoluble in -water, soluble 
m ether At 100° it eitlier explodes or sweUs up It is the most -violently explosive 
of all known compounds, the explosion bemg induced by heat, faction, percussion, and 
often taking place without any external cause When dry it explodes on bemg merely 
poured from one vessel to another. The least drop exploded on an open porcelain basin 
crumbles it to powder. If the ahore-mentioned mixture of perchloric ether with 
alcohol be poured into a basin contaunng an equal quantity of water, the greater part 
of the hydrated alcohol poured off from the drop of perchloric ether which falls to the 
bottom, and the roniainiug liquid thrown on a wet filter supported by a wire funnel, 
so that the watery liquid may run ofi^ the drop of perchlorio ether which remains on 
the filter may be exploded by contact with a hot body or by the blow of a hammer. 
Its solution in a sufficient quantity of alcohol, however, bums away completely, when 
sot on fire, witliont the least explosion (Hare and Boyle.) 

Perehloiio ether does not decompose when kept under water, but nndeitgoea partial 
decomposition when separated by water from its aloohoho solution. — AleohoUe potash 
added to the mixture of perohlotio ether and alcohol instantly produces complete 
decomposition of the ether, and throws down a larger quantity of potassio per- 
chlorate. 

PERCBXiOBOPliA.nXJ'OOirANISES. See fUTimilL OTASniBS OF (ii. 

268) 

PEROHXiOBO<txriNOH'B. See Qdinonf. 

PEBOniiOBOBVBXAN. See Busiah. 

FERCHi:iOR03:Y»rAPBTSAXiIC ACID. See OxTIVAFHTBAXIO Aon> (p 
SIS) 

PEROYEXTE. A mineral, oryetaUisod in cubes, from Sonora in Mexico, con- 
taining, according to Percy, chlorine, lead and copper, m the proportion 0-84 2'16 : 
0 77, whence he regards it as Pl/CPO,Cu®Cl''0 H'‘0. (Phil. Mag. [3] xxxvi. 131; 
Jahrosb 18S0, p 763.) 

PSREXRXIO'E. An alkaloid oeouiring in the bark of Pao Pereira {Valkaia 
znedita), an apooyaneeous tree growing in the Brazilian forests • it possesses febrifu- 
gal properties. (Q-oos, Pharm Oentr. 1839, p 610. — Perotti, Annali medio, chirurg. 
di Boma, i. faseie. 3.) 

PERZCEASE. Mngnesia with 6 to 8-5 per cent ferrous oxide, oeourring in cubes 
on Monte Somma, disseminated tlirougb ejected masses of a white hme-stone, and in 
spots of clustered crystals, sometimes -with white ohvine and earthy magnesite. 
IDamour, Ann Mm. [3] iv 381. — Scaoehi, J pr Ohem. xivui. 486.) 

PERXCEXir. Syn, with Axeitb (see Bbispab, ii, 621). 

PEBXDOXB. Syn. with Onivnir (p. 201). 

PERXnxORPKOES CRYSTALS. Crystals consisting of an envelope of one 
mineral with a nnclene of another, the external form of the crystal being that of the 
envelope ; for example at Arendal crystals are found having the form of garnets and an 
external envelope of that mineral, while the mtemor consists of calcspar (Jahresb. 1868, 
p. 740; 1861, p, 968). 

PERIODIC ACID. See lODiNB, OxTSBN-AolDS OF (hi 307). 

PBBISTBRIXE. Albite from Perth, Lower Canada (see Bblspab, ii. 622). 

PBREITE. Syn. with Peaelstohh (p. 368). 

PERMAITEJffT WHITE. Sulphate of barium, used as a -water-colour pigment. 

PERIWAIl'OAN'ATES. See Manoamio Acids (iii. 819). 

PEROPSKITE or PEROWSRITB. Titanate of calcium, occurring in cubes 
and other monometric forms at Aehmatousk near Slatoust m the Ural (see TitanActs). 

PEROWSKin. See TnrPH’mrN'. 
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PE^SPIBaTION. (Favre, Oompt. rand, xsxr 721,— Soliottin..4j'oh Phya. 
Hlk, XI 73 — Fuiiko, Molesch. ITntersueh. it. 36.— Lehman u, Lehrb. ii. 326.) — 
Material passing aw.iy from the body by way of the skin Accoi'ding to S equin, the 
body lo.ecb by skin and lungs 18 grams per minute, of which 11 grams pass off by the 
skin and 7 grams by tho hmgs. A largo portion leaves tho body m a state of gas or 
vapour, constituting what is called the “insensible” perspiration. This consists 
mainly of watery vaponr, the amount of which rimes within wide hmits according to 
the temperatilro and moisture of the atmosphere, tho quantity and charaoter of the 
food and druik taken, the condition of the body, whether at rest or at work, &e. It is 
lu fact this evaporation which regulates the temperature of tho body. Besides watery 
vapour,"insoiisible ” perspiration contains earbonio acid, nitrogen (?) (sea Ebspibatioii), 
and small quantities of volatile and odoriferons matters. 

That which remains on the surface of tho body as a liqmd is called the “ sensible ” 
perspiration or sweat. It is said to be secreted by the sudoriparous glands of the 
skin, and also, aecordingto some authors, by the portions of skin between those glands. 
Over most parts of the body sweat is mixed with a fatty secretion derived from tho so- 
called sobaoBOUs glands. 

Tins sebaceou-s secretion, which when gathered m masses foi-ms the wma caseosa and 
emegma frceputu, consists principally of fatty bodies, palimtin, olem, with their soaps 
and cholesterin, a protein body resembling casein, extoaetives, and salts, viz. chloride 
of sodium, with earthy and alkahne phosphates 

Sweat, when obtained in a tolerably pure state, is a clear colourless fluid with no 
morphological constituents beyond epidermic scales. When fresh, its reaction is acid, 
of variable intensity; but according to Favre, during a prolonged and copious sweat, 
the reaction, at first acid, becomes after a while neutral, and at last alkaline The 
odour of sweat, often very marked, vanes with the situation whence it has been ob- 
tained The amount of solid constituents varies exceedingly , in general it is in in- 
verse ratio to the rapidity of secretion, up to a certam limit, beyond wluoh it remains 
constant. Funke gives 1 18 wr cent, ns an average, O'062 per cent, being the mean 
for the organic, 0 329 per cent, tor the morganio substances. The total amount of sweat 
varies extremely. 

As normal constituents of sweat may be mentioned — 1. Various acids- mainly 
formic, with butyric and acetic, and possibly propionic, oaproio and oapryKo. The 
existence of lactic acid (Berzelius) has been denied by later observers. — 2. Neutral 
fata, which, since they have been found in parts, such as tho palm of tho hand, destitute 
of sebaceous glands, must be reckoned as true elements of sweat cholesterin, pahnitin, 
olem, staarm. — 3. Nitrogenous bodies the sudorio or hydi'otio acid of Favre, in-ea 
(lenome, tyrosine ?). Most observers have failed to find the former , the latter has been 
aetermmed by Funke, who found as much as 0'112 and 0 199 per cent in a total dry 
residue of 0 696 and 0-790 per cent Other inquirers also have detected urea m sweat 
(according to Meissner, tlie amount of it vai-ioa with the nature of food taken), 
and yet fi anke failed to find it (see Nothition, p. 162). — 4 Salts ; chiefly ohlonde 
of sodium, with chloride of potassium, alkaline and earthy phosphates, alkaline sul- 
phates, and a trace of iron. According to Sohottin, there is also a oolom-ing matter. 
The amount of epithehum is 0 42 per cent. (Schottiu), or 0 206 — 0 233 (Funke), 

The foho-wing substances are said to have been observed at vanous times as abnor- 
mal constituents of sweat Albumin, urea (ui large quantities m cholera), urie acid, 
oxalate of calcium, lactic amd, sugar, bile-pigments, mdigo in blue sweat, black colour- 
ing matter in black swe.-it, and blood in “bloody sweat.” Benzoic (partly aa bippurio), 
succinic and tartaric acids, rodme and iodide of potassium, have when taken internally 
been detected in the perspiration. M. F. 

PBBSPIBOirX.IC ACID. Syn with SAnic-mc Acm. 

PEBSUBPSISES, AlUn'Xi-.DIStrEPKOCABBOaVZC and ETBVE-DI- 
SVEPHOCABBOIO'IC. See SunrHOCASBONio Ethbus. 

PEBSEEPBOCVABIC ACID. OTWS’ = Cy“H“S». PersulpIioe?mnhpdrto 
or Hydropermlphocijamo add. Sulphuretted Hydrostdphooyanw acid, Eydroxanthic 
acid, (Wohler, Gilb. Ann bux. 271 — ^Woskresensfcy, Traitk de Ohimie organiqm 
par Liebig, i, 192. — Liebig, Ann. Ch. Pbarm, xlin. 96. — ^Volokel, Pogg. Ann. Iviii. 
138 ; bd 149 , Ixu. 160 , — ^Ann, Oh. Pharm. Ixxxix. 127 ) — This body was discovered 
in 1821 by W obler, but was confounded for some time with persulphocyanogen , till 
the distinction between the two was pointed out by Woskresenskv and bv 
Volckel. 

It is produced by the metamorphosis of snlphocyanie acid, CyHS, imder tho 
influence of mineral acids , also, under certain circumstances, by the spontaneciis decom- 
position of snlphocyanates . 
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SCyHS =. OyH + CySH^^S^ 

Sulpho^Bnjo 1 HydrMyanIc Porsul^cyanlc 

It IS prepaied’ — 1. By mixing a cold satmated aqueous solution of snlpliocyanato 
of potaasnun vdtli from 8 to 8 times its bulk of strong liydrodiloric acid. The mixture 
at fii’st coagulates into a white gelatinous magma, which turns yellowin a few minutes, 
gives off eai'bome anhydride and hydrocyanic acid, after the lapse of an hour, and is 
converted into a mass consisting of a liquid and needles of persulphocyanic aeid. The 
needles, if collected after 24 hours and washed with cold water, constitute the pure 
acid (Volokol) The deeomposition.takes place jnst as well with a dilute solution 
of aulphooyanute of potassium ; hut the separation of the ueadles is slower — Another 
method is to satoate a solution of sulphocyanate of potassium in 6 parts of water, 
keeping it cold, with IiyJroehlorie acid gas . the persulphocyanic acid then separates 
after a while, on cooling, in the form ot a yellow powder. H, however, the hqnid ha 
suffered to get warm from the aboorption of tho hydrochloric acid, part of the separated 
sulphocyanio acid vnlatihaeS nndecmnposcd , the mixture hkewise gives off carhouio 
anhydride after a wMe, sometimes also sulphuretted hydrogen and sulphide of carbon , 
and there are formed in it, hydrocyanic acid, formic add, and ammonia, liy_ which 
products the yield of persulphooyamo acid is diramished, the amount of diminution 
being greater as the solution of snlphocyanide of potassium is more dilute, and its 
temperature rises higher (V dlckel). — 2 By passing dry hydxochlonc acid gas over 
melted sulphocyanate of potassium contained in a tubulated retort, whereupon sulphide 
of carbon and hydrocyanic acid are evolved, and porsulphooyamc acid sublimes. The 
latter is purified by mssolving it m boilmg alcohol, ft-om which it separates out again 
on cooling. (Liebig.) 

Persiilphooyanio acid thus obtained is s pale yeUow dystaUine powder, tasteless 
and inodorous, nearly insoluble in cold water, sparingly soluble in boiling water, whence 
it separates in splendid yellow needles on cooling , soluble also in alcohol and in ether. 
The solutions have a sbght acid reaction, and form precipitates with the salts of many 
of the heavy metals. 

Persulphocyanic acid decomposes at about 200°, giving off chiefly sulphide of 
carbon, and finally ammonia and snlphiir, if the heat has been rather strong, the 
residue consists of iiydromcllone (lii 874) ; if it has been lower, tho residue reacts liko 
a mixture of sulphur and melam According to Gerliardt’s formula of meiam and 
hydromellone (iii. 866, 874) the decomposition maybe represented by tlia equations : 

3CS» + S“ '+ C»N“H“ 

Persulplincyaolc MeUin. 

and . 20»N«H* = 3NH* + CWH» 

Melom. Hydromellone. 

or, according toLiebig’s formnhn {loo. ctt .') , 

6C»N’H»S» = 6CS» + S» + 

Pereu^plmcyenio Melam. 

and = 2KH» + C»N»H» 

Melam. Hydromellone. 

Small quantities of sulphydrie and sulphoeyanie acid are likewise foimd among the 
products. 

Volokel, by heating persulphocyanic acid to various temperatures, obtained a 
number of brown or yellow amorphous residues, of varying composition, which he 
regarded as sulphides of peculiar radicles {xuthm, melmc, xanthme, &c.) ; but they 
were probably nothing but mixtures. 

Porsuiphooyanic acid is but shghtly attacked by ht/drochlono acid at common 
temperatures , at tho boiling boat, however, it is partly resolved into carboiuc anhydride, 
ammonia, sidphydne acid, and sulphur- 

+ dH'O = 200« + SOT’ + 2H:»S + S. 

Nitno acid, especially wbeii hot, converts it into carhonic anhydride, snlplinrie acid, 
and ammonia. It diasolve.s, without alteration, in cold strong sulphuno acid, and is 
reprecipitated by water; but on boiling the solution sulphurous anhydride is evolved: 
— Ohlonne decomposes persulphocyanic amd, especially with aid of heat, forming 
chloride of sulphur, chloride of cyanogen, hydrochloric acid, and a brown-red body in- 
soluble in water —By eaustic allealw it is gradually converted into snlphocyauato and 
free sulphur- Cy^ffS* = 2CyHS + S 

Persulphocyanates. — The solutions of persulphocyanic acid in aqueous alkalis 
may be regarded, when recently prepared, as persulphocyanates, though, as just 
observed, they are gradually converted into sulphocyanatos. These solutions, as well 
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as the aqueous acid, fom yellow precipitates with atamoita chlondi, au/prio sulphate, 
and nitrate of lead • with mtraie of silver a yaUow precipitate which quickly decom- 
poses, with formation of sulphide of silrer ; and with platimc cUonde a hrownish-yellow 
precipitate. The salts of the other heavy metals are not precipitated by soluble per- 
eulphocyanates. 

Persulphocyanate of Lead. Cly’Pb"S*. — Obtained by precipitating a boihiig aqueous 
solution of the acid with neutral acetate of lead, resembles chromate of lead in external 
characters, and is perfectly insoluble in water, alcohol, and dilute acids. — ^With hema 
<u;etaie of lead, a precipitate is formed containing Cy‘Pb'’S'' Pb'O. 

PBKSlTi&FBOC'rAN'OGBIl'. CWHS’ = Cy“HS“? Fseudoaulphooijanogm, 
Sulphide of Oyanogen, Cyanoxieulfide. CWohler, Gilb Ann. Ixix. 271. — ^Liebig, 
Ann. Oh Pharm x. 1 , sd. 12; xxv 4; xxxix. 199, 201, 212; L 387 — ^Parnell, 
Hev. sclent, v. 149 — Volckel, Ann. Oh Pharm xlm. 80, Imniix. 127 ; Pogg. Ann. 
Iviii 145; Ixii. 607. — Laurent and Gerhardt, Ann Oh Phys. [3] xix 98. — 
Jamieson, Ann. Cju Pharm lix. 330. — Gm. viii. 108. — Gerh. i. 447. — A. compound 
produced by the action of chlorine or boihng ddnte nitnc aeid on aqueous sulphocyanate 
of potassium. It is an orange-yellow precipitate, insoluble in water, akohal, and ether, 
soluble in strong aidphnno ttcia, whence it is precipitated by water without alteration. 
It was formerly regarded as swlphooyanogcn ONS, the radicle of the sulphoeyanates ; 
but Its constitution is really more complex. The analyses made of it by different 
chemists also differ considerably, as wUl be Been by the following table : — 

Volckel. 

Llcblg Fnrnell. eat tier. later. Jomieion Lour.&Gorh 

Carbon 20-06 19 93 20-20 20-31 19 17 20-46 

Nitrogen ... . 23-23 23-31 .... 22-36 

Sulphur . 66-84 to 66 16 62 69 62-68 64-26 . 60-88 63 90 

Hydrogen . 0 33 to 0 96 0-92 1-08 0 90 0-91 1-68 0 66 

Oxygen 3-20 3 00 6-01 

100-00 100-00 10^ 

All these analyses were made -with persulphocyanogen obtained by the action of 
chloruie on aqueous snlphocyanate of potassium. — Liebig dried it m vaouo before 
analysing it, — Parnell dried it partly over the water-hath, partly at 242°, at which 
latter temperature a slight odour of cyanogen was apparent — V oleksl docs not state 
the temperature at which his substance was dried.-J ami eson boiled the precipitate 
With water as long as anvtJimg was dissolved out, and examined the pure yellow 
powder -which remained. Luring this boiling, the odour of cyanogen was perceptible, 
and the water dissolved snlphocyamc acid, together -with a small quantity of another 
sulphur-compound. As the preparation might have been decomposed during this long 
boiling, and moreover it is not stated how the substance -was dried before analysis, the 
analytical results are not much to he trusted, aapeeiully as the amount of oxygen 
comes out too great This amount of oxygen is regarded by L i e b i g (Ann Cb. Pharm. 
1. 337) as very problematical, inasmnob as, in the £y distillation of pseudosulphoeyauo- 
gen, no oxygemsed product is obtained, except water — ^Laurent and Gerhardt dried 
the portion of tha precipitate which appeared under the microseope to be perfectly free 
from crystals (probably of persulpbocyanio acid) for a long time, and at high tempera- 
ture Their analysis, which agrees very nearly with the more recent analyses by 
Volckel, leads to the formula C'N»HS‘>(ealc. 20-67 0, 24 00 N, 64-86 S, and 0-67 H}, 
according to which pei-snlphoeyanogen is formed from peraulphooyanic acid by substi- 
tution of 1 at. cyanogen for 1 at. hydrogen. 

Persulphocyanogen when heated gives off sulphide of carbon and free sulphur, 
leaving a residue of hydromellone • 

3C»N“HS» = 30S« + S" -4 C»N“H“. 

If moisture is present, ammoniacal products are also given off at the commencement of 
the decomposition OMonne acta on persulphocyanogen only at high temperatures, 
forming solid chloride of cyanogen, chlonda of sulphur, and a residue of hjydi-omeUone. 

Persulplioqyanogen dissolves easily in a solution of sulphydi-ate of potassium, yielding 
sulphoeyanate and sulphomellonidB of potassium, together with other products : 
20y»H3‘' -4 SKHS + 2H>0 = 20yM + C|-»HJKNp + 3ff 3 + 00“ + 8“. 

oyanate. loiilda 

Persulphocyanogen dissolves slightly in ammoma CWohler) ; abundantly (Liebig). 
Whan bolted with potash, it forms a solution which gives with ferric s.ilts the reaction 
of salphocyanie acid. By triturating persulphocyanogen with sti-oiig potash, adding a 
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largB quantity of water, then an excess of lead-aeetate, and lasfly sufficient aeetio acid 
to produce an acid reaction, Volckd obtained a browmsh-y allow precipitate, apparently 
consisting of 2Gy®Pb"S“.!Pb"HW. 

Hydi othiooyamo acid — When persidphocyanogen is boiled with potash, and hydro- 
chloric acid added to the solution, a yellow powder is precipitated which dissolTes m 
i2 pts of hoihng water, and the solution forms with acetate of lead a yellow precipitate 
of hydrothiocyanate of lead, Oy’HPh''S»0. The acid, Cy“H’S’0, may be regarded as- 
formed from persulphocyanogen by addition of 1 at H“0. The analysis of the yellow 
powder aboTe mentioned, does not however agree very woE with thi» formula. (Parnell, 
Volekel.) 

FERTHITB. Orthoelase tom Perth in Canada. See PiaLsraE (ii. 620). 

PERU BAX.SA1W. See BiiSAMs (i. 496) 

PERURXC ACXB. An acid obtained, according to Unger (Pogg Ann Ixv. 
222), by gently heating guanme with a mixture of chlorate of potassium and hydro- 
chloric acid It oiystallises in shortened prisms with rhombic base, or in tufts of 
colourless crystals destitute of taste and smell. Contains 31'20 per cent, carbon and 
2'60 hydrogen , ratio of carbon to nitrogen 10’4 , whence it is probably 

PERVVIN’, Syn. with Sttboot or Cntirruo Aioohox (i. 992). 

PETAEXPB. Castor — A sihcato of aluminium and lithium, also oontninuig 
sodium, in which lithia was discovered by Arfvedson in 1818. It occurs massive, with 
apparently monoohnio structure, exhibiting three cleavages in one zone, affording the 
angles 117°, 142° and 101°, the cleavages inclined at 142° are the moat distinct. 
Hardness = 6 to 6 5. Specific gravity = 2'42 (Arfvedson), 2'46 (Clarke); 
2 426 (C. G. Gmelin). It has a vitreous and glistening lustre, pearly on the faces of 
perfect cleavage, and a white or grey colour, with occasionally a reddish or greenish 
tiuge. Streak white. Translucent Fracture imperfect conchoidah' 

■^en heated before the blowpipe, either alone or with fluor-spar and acid sulphate 
of potassium, it colom's the flame transiently red, behavmg in other respects bke ortho- 
olase. It IS not attacked by acids 

Analyses — 1. From Uto a By Arfvedson (Schw. I xxii 93): — b. By 0. 
Gmehn (Gilb Ann. Ixu. 399);— c Keddish;— <i. Wlutieh, by Waltershausen 
(,Vulhs. Gest p, 296).— c. By Hagen (Pogg. Ann ilvin. 361);—;/' Speoifie gravity 
2'447 — 2'46S, byEammelsberg hbid. Ixxxv. 644) — 2 From Bolton, Massachusetts, 
by Smith and Brush (Sill Am. J [2] xvi. 866). — 8. From Elba (the variety called 
Castor, by Plattner, Pogg. Ann. Ixix. 436, 443) . 


Silica . 
Alumina 
Lithia . 

Soda 
Lime 
Magnesia 
Ferno oxide . 
Loss by Ignition 


79 21 



7417 76 74 
17 41 18 68 
6-16 _2'69 

0-32 0 62 

. . 0-10 
. . 0-18 
2-17 0-97 


i. e f 

74-60 77 22 77-79 
16-94 17-47 18 68 
2 98 2-67 8-30 

0-06 2-29 1-19 

0-73 

0-10 . , . . 

0-16 . . 

0 92 . . 


77 93 98-01 
16-24 18 86 
3-63 2-76 

0-60 

0-24 

0-66 0 61 
0-66 


102 19 99-23 99-96 90-48 99-66 100 86 99 15 100 23 


According to these analyses, petabte may be regarded as 3(M''0.2Si0*).4(AlW.6Si0“) 
or perhaps as S(M*0 3SiG‘) 2(2 aI^O’ 9SiO’) Castor may be approximately represented 
by the formula (LFO SSiO^) (2Ai’0“ 9SiG‘) or by CLi’'0.2SiO“) 2(11^0” BSiG") 
PETABITE. A resm obtained from tho root of Tussilago petasites. It is not 
altered by caustio soda, Its alcoholic solution mixed with miner^ acids assumes an 
emerald-green colour, changing to blue in the case of hydroehlone acid. (Eeinaoh, 
H. Jahrh Pharm. iv. 267.) 

PETINIHE. An alkalo'id, isomenc if not identical with tetrylamine, 0®'*!!, 
ooourring in the most volatile portion of bone-oih (See Tbtiivxamihb ) 

PETROE. 0“H'“. (Biissenins and Eisenstiiek, Ann. Ch Pharm, exiii. 161.) 
— A hydrocarbon (not isolated) occurring in the petroleum of Sehnde near Hanover. 
On distilbng the crude petroleum -with steam at a pressure of 4 or 6 atmospheres, and 
rectifying the naphtha which passes over, a portion is obtained boiling below 180° and 
consisting of petrol together with olefines and honiologues of marsh-gas. The petrol 
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eevnaot ba aaparated by fractional distillatioii, but by treatment with a mixture of strong 
nitae and sulphuric acids, it may be converted into a cryatallme compound, viz • 
Trimtropatrol, C*H’(NO’)* — ^To prepare this compound, 2 pts oil of vitriol, 
1 pt mtrio add of specifle gravity ys, and 2 pts. of the above-mentioned distillate, 
boiling below 180°, arc dispoaod one over the other in layers in a tubulated retort, and 
left-to rest for 24 hours The action, wbioh would be violent if the liquids were 
rapidly mixed, then takes place quietly, and tnnitropotrol separates between the acid 
and the oil, as a crystaUine mass, which, after the acid and oil* have drained off, is 
purified hy washing with water and with lukewarm alcohol, and. repeated fractional 
ei-yataihsation from hot alcohol, the portion which separates below 40° being each time 
eoUocted apart 

Trinitropotrol crystallises m needles and scales, the latter being formed most 
abundantly at compBrntively low temperatures. It melts at 162°, solidifying again at 
135° — 140°. It is insoluble m waller, soluble m ef/ier, benzene, and cold alcohol, more 
easily (to the amount of in boihng alcohol. It is decomposed hy a mixture of 
iron filings and aoctio add, hut without formation of cryatalbsable products. With 
alcoholic adpludeof ommoniUTO, it forme two compounds, one of which possesses distinct 
basic properties, viz. " 

[CH^O)] — When trimtropatrol is 

mixed in a retort with alcoholic sulphide of ammonium and sulpbydric acid gas is passed 
into the mixture, a laige quantity of sulphur suddenly separates, and nitro-petroldiamme 
crystallises out. The excess of sulphide of ammonium and the alcohol are removed as 
completely as possible hy dietaiation, and the nitropetroldiamine is purifled by ex- 
hausting the residue with boiling alcobol, dissolving the crystals which separate thme- 
from in dilute sulphuric aoid,t precipitating the filtered solution with ammonia, 
repeating this solution and precipitation, and reorystaUising the product from alcohol 
Nitropetroldiamiue crystallises in long orange-red monochnio prisms, inaoluhle in 
water, sparingly soluble in cold, rather easily in boiling alcobol. It begins to sublime 
at 210°, melts at 216° (the fused mass solidifying in the crystuUms form at the same 
temperature), and decomposes at a higher temperature, with separation of oW’coaL 
Treated with nitrous and, it yields nothing hut brown resinous products 
Hydrochlorates of NttropHioldiamine. — The suit, 0“H“H®0*H01, is obtained in 
crystals by heating the base with water and a quantity of hydroohlorio acid not suffloient 
for complete solution, and leaviiig the filtrate to evaporate A solution of the base in 
excess of hydrochloric acid yields the salt C*S"N“0“ 2H01. 

The cUoroplatmate, C“H''N*0^ 2HCl.Pt'’01'.3H*0, separates on adding platmio olilo- 
ride to the solution of the last-mentioned salt, in golden-yellow six-sidcd microscopic 
tablets, which dissolve easily in hydi'ocbloric acid, are decomposed by water, with 
separation of the base, give oS their crystaUisation- water below 100°, and hydroohloric 
acid at a temperature a little above that point 

Sulphatee. — a. On boiling nitropetroldiamine with water, adding dilute siilpburio 
acid till it IS completely dissolved, and leaving tho solution to cool, the salt 
S«H®0* separates in rather large six-sided monoclinic prisms, which are decomposed 
by water. — fi. The mother-liquor of this salt yields hy slow evaporation over oil ot 
vitriol, large transparent plates of the salt 2SH-0' 2H“0, which gives off its 

water at 100°, and hko tho preceding, is decomposed by recrystsHL-ation from hot 
water, yielding basic compounds.— y On boding nitropetroldiamine with a quantity of 
diluto sulphuric acid not sufficient to dissolve the whole, and filtering the solution while 
hot, tho filtrate sohdifles to amass of small yellowish laminie of tho salt 20*H''N'0^ 
SH=O‘,2H-0, which gives off its crystaUisatum-water at 110° 

Triethylmtropetroldiamine. C'*H=’WO'‘ = |n-.— T hehydrio- 

dato of this base, C^H^N’OtHI, obtained by heating nitropetroldiamine for some time 
with etliylio iodide in a bath of boiling solution of nitrate of sodium, and purifled by 
recryatalhsing the solid part of the product from hot water, eryatalhses in red rhombic 
prisms with pyramidal faces On adding ammonia to the solution of tins hydriodate in 
hydi'oeWoric acid, tnethyl-nitropetroldiamme is precipitated in lemon-yellow scales ; it 

• This oily Itqnld, after washing with water, drying over chloride of calcium, left on rocHncatlon a 
tolcMshjellow roalime which deposited nacrenus crystalline himlna! These crystals oslilliltedon one 
. ' I ■' la cnmpos.tton corrcsiiomfiiig with the formula 

I ' ‘I ■ at homoliiguo of trlnitropctiol; they also reacted 
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f« soluble in alcobol and in ether, and separates firam these solutions on evaporation in oily 
drops which aohdify in the crystalline form after some tune only. The solution of tho 
base m hydroehlone acid yields, on addition of platinic chloride, the plaiinmn-sa/t 
2(C“H^’OhHGl)I‘t'’Cl'', in tufts of slender golden-yellow needles. 

PBTROIiEnrB. The name applied by Boussinganlt to the more volatile con- 
stituent of asphalt or bitumen (i 426). See also Volohel (Ann. Ch. Pharm.lxxxvii. 
139, Jahresb. 18S3, p fi24) 

Earth-oil, Naphtha, Maltha, Mineral Tar or Oil; Erdol, Steinol; 
Bitumi ligiiide — A variety of liqniclB Inown by some one or other of the above names, 
and corresponding with vegetal and ammal oils m the characters of inflammability end 
insolubility m water, oeeur in many parts of tho earth. They all agree in possessing a 
strong bituminous smell, but differ considerably m other physical characters, being 
sometimes tlnn, transparent and pale coloured , sometimes viseid, opaque and black. 
There are also numerous varietdes with characters intermodiatebotweentheso extremes. 
The speoiflo gravity vanes from 0*8 to I’l, and tho colour le frequently brown or 
greenish The name naphtha has generally been apphed to tho thmner and least coloured 
varieties of mineral od, or to the more volatile portion of the distillate obtained by 
rectifying the native oil, while the darker and more viscid kinds have been termed 
mineral tar, and the intermediate varieties petroleum. 

The coimtries most famous for the ocenironee of mineral oil are Persia, the Caucasus 
and Georgia, Burmah, the West Indian Islands, and North America. It also occurs 
in the country to the north of the Danube, in Italy, Bav.irn, Hanover, Zante, Switzer- 
land, China, India, and to some extent m England and Prance 

Chemically the substances known by names of naphtha, petroleum, &e , are aU very 
closely allied, inasmuch as they consist for the most part of oils differing in density and 
volatility The older analyses of these mineral oils were made without any farther 
attempt at separafang the substances they evidently contained m a state of mixture, 
than merely rectiijdng tho oil and treating it with sulphuric acid They snfSoed, how- 
ever, to estahlish tiie fact that the constituents of petroleum were essentially com- 
pounds of carbon and hydrogen; but the chemistry of the hydrocarhons was so slowly 
developed, after the time when Paraday demonstrated the existence of numerous com- 
pounds of this Idnd, and petroleum was so little used, that scarcely any progress was 
made towards a knowledge of its constitution until qiute recently, since the extensive 
apphoation of this material to useful purposes has caused greater attention to be 
directed to it 

A thick black variety of petroleum, occurring between Pefclenicza and Moslowina in 
Hungary, was examined in 1788 by Winterl, who found that it yielded by distillation 
a oolonrlaas oil, a yellow oil, end a buttery mass (CreU’s Chem Anna! i 493 ) 

A dark brown Gahoian petroleum of specific CTanty 0'943, was examined in 1791 
by Martinovich, who obtained from it by distillation, a yellow od of specific gravity 
O'Sll, and two darker oils of specific gravity 0 867 and 0'961 respeetively (Crell’s 
Chem Anna! i. 72) In 1817 Sau a sure published an accoimt of Ins investigation of 
the native naphtha of Miano, in the Duchy of Parma, which was used at that time for 
lighting tho streets of Genoa He described it as being a transparent, yellow, thin 
liquid, ofO'836 specific gravity, with a strong, persistent smell, separable by distillation 
into a oolouidess, lighter and more volatile portion, and a heavier, less volatile porhon. 
Tho former he termed rectified naphtha. It had a specific gravity of 0758, with only a 
slight evanescent odoui-, was entirely volatde at the ordinary atmospheric temperature, 
unalterable by exposure to light and air, and httlo acted on by strong acids. It mixed 
in all proportions with absolute alcohol, and diseolved in seven parts of alcohol of 
specific gravity 0 836 Caoutchouc macerated in this rectified naphtha without heat, 
swelled to at least thirty tunes its volume, but after forty-eight hours the naphtha con- 
tained only a seven-thonaandth of its weight of caoutchouc. (Bihl. Univ. [S. and A.] 

lY 116 ) 

In 1829 Unverdorhen obtained from Persmn petroleum similar products by dis- 
tillation, and inferred that it consisted of a mixture of several oils, together with a aniull 
quantity of a land of solid fat (paraffin f), resin, and an mdiffereut coloured subatanee. 
(Schweig, Jour Ivii. 243 ) 

Ohristison and Gregory in 1831 examined the petroleum of Eongoon It was 
of a buttery ooneietence at ordinaiy temperatures, of a dark brown colour with a tinge 
of green, and a specific gravity of 0 880. They separated it by distillation into three 
different portions, and extracted paraffin from it. See Pauavvw (Trans Eoy Soo. 
Edinb xni 118, 124.) 

Blanchet and Sell m 1833 obtained similar prodiiets from Persian petroleum, 
VIZ, . an oil of specific gravity 0749, boding at 94° C, and tliree oils boding at 138°, 
187° and 220° respectively. (Ann Gh. Pharm. vi 309 ) 
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In 1836 K obeli examined the petroleum fepm the Tegem Lake in Bayaria, knoym 
by the name of Qmrinus «/,andaaparatedfl;om it a permanmtly hquid oil, and another 
whiob partly solidified when cooled to 6’’. (J. pr. Ohem yiii 306.) 

A thick brown petroleum from Niebylow in Galicia, examined by Torosiwiecz, had 
a spociflo gravity of 0 900 and became perfectly liquid only at 61°. Another kind from 
Truaeawiee was of specific gravity 0 890, (Beport.lv 16; Ixi 398.) 

Hess desci’ibed lie petroleum of Baku at the same time as having a speeiflo gra.- 
vity of 0 836, begining to bod at 140° and yielding by fractional distUlatiou oils whioh 
had no fixed boding point. (Pogg. Ann xxxiv. 417.) 

In 1840 Pelletierand Walter, by repeatedly rectifjdng that portion of the Miano 
petroleum which distilled between 130° and 270°, obtamed an od which they called 
naphtlui, boding at 83°— 88°, to whieb they gave the formula C“H‘" ; also an oil bod- 
ing at 116°, which they called naphtea (C'“H‘“), and an oil boiling at 19° which they 
called naphtol (G”H'’), and they regarded these ode as the eonstituonts of petroleum. 
J. Pharm xxvi. 649 ) 

In 1848 and 1849 Hre and Mansfield examined a variety of mineral tar from a 
coal mine at Alfreton in Derbyshire The specific gravity was 0’900, and it consisted 
chiefly of liquid oils boiling at temperatures above 300°, presenting in its obaracters 
some resemblance to the oil or tar distdled from bitummous shale. (Pharm. J. 
Trans vii. 486 , Chem Soo. Qn. J. i. 249.) 

Besides these investigabona, several analyses of petroleum and of the products 
obtained from it by fractional distillation had been made, the results of wbioh are given 
in the following table . 

Analyses of teirolesm and its prodiwts. 


Kind of petroleum. 

Carbon 

Hydrogen 

Bolllns point. 

Authority. 

• ■ !?SS! 

Persian . . Eectifled 

■ I5SSI 

• ■ csj 

Miano . . Native 

“»• ■ • issj 

87-21 

85 65 

86 92 
83 88 
86 43 
79-82 

86 86 
86-68 
86 80 
84-60 
86 80 

85 60 

12 79 
13-31 
12 12 
14 29 
13-06 
13-20) 

to V 
1461) 

13 17 
13-40 

13 40 
13 30 

13 40 

94°) 

216°J 

various 

1000—116°) 
116°— 120° I 

I 120°— 130° f 
140°~160oJ 

Saussure. 

Dumas 

Blanchet and 
SeU. 

Hess. 

Pelletier and 
Walter. 


These results did not advance the knowledge of the constitution of petroleum much 
beyond the point where it was left by Hnverdorben in 1829, viz that it was a 
varying mixlm-e of hydroearbon-compounds with pitchy or asphaltic substances dis- 
solved in it to a greater or less extent, and that elementary analysis was of little utility 
until some means had been found of separating the individual constituents more com- 
pletely (Scbweigger’s lomm. ix 29.) 

In 1867 De la Ene and Muller published the results of their examination of 
Eangoon petroleum, showmg that it contmned hydrocarbons of the benzene and olefine 
series, but consisted chiefly of compounds which were not acted upon by concentrated 
nitno or sulphuric acii (Proo Boy. Soc. viii. 221 ) 

Eisenstuek examined the petroleum of Sehnde (Hanover) in 1868, and came to 
the conclusion that the oil obtained by distilling the crude petroleum with steam 
and boiling below 180°, consisted of a mixture of polymeno hydrocarbons C'ff" 
homologous with ethylene, together with petrol C*H“. (Ann Gh. Pharm. oxui 161 ) 

According to H el am a n, on the other bond, the products obtained by Eisenstuek from 
this petroleum, and boihng between 136° and 146°, correspond with the turmula 
(Ann. Gb. Pharm exiv. 279 )_ 

Pround and Pebal examined Gaheian petroleum, and came to the conolusion that 
it contains substances belonging to at least three different series, mz homologues of 
ethylene, which are not acted upon by concentrated sulphuric acid at the ordinary tem- 
perature, homologues of benzene, and homologues of phenol (Ann. Gh Pharm. oxv, 19.) 

The most important investigation of petroleum is that recently made by Pelouze 
and Oahours (Compt. rend. Hv. 124, Ivi 606, Ivii. 62). They operated upon the 
petroleum which has been brought in laige quantity from Pennsylvania during the 
last few years, and sncceeded in obtammg from it twelve distinct hquid hydro- 
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cai'bons, wlucli tliey consider to be bomologues of marsh-gas (Htobtoks, lii. 181), 
besides the solid hydrocaibons known nndov the name of paraffin (p. 342). 

Ronalds has also shown that this petroleum probably contains the lower members 
of this series, corresponding to ethyl and trityl, and gaseous at ordinary temperatures 
(Chem Soo, J, mii. S29). Schorlemmer has stated' that it also contains small 
quantities of benzene and its homologues, but those substances were not found by 
f elouze and Oahours. 

These results show that American petrolenmprobably consists chiefly of homologues of 
marsh-gas, and those which ha7e been isolated present the following characters . — 



Amenoau petroleum contams, besides these substances, other oils of much higher 
boiling point and of a specific gravity above 0'870, other kinds of petroleum also 
contain oils of still greater density, sometimes considerably above 0-900, but it has not 
yet been ascertained whether these are homologues of marsh gas. It is probable also 
that most kinds of petroleum contain olefines to some extent, or at least analogous oils 
which combine with concentrated sulphuric acid ; hut in most instances the homologues 
of mai-sh gas appear to constitute tlie chief bulk of peb-oleum 

The similarity existing between petroleum and the oily tor obtained by desfcmetive 
distillation at temperatures below full red beat, as regards the chemical nature of the 
substances contained in those products, renders it highly probable tliat petroleum has 
been formed by the decomposition of vegetal and animal remains, and tliat its origin 
IS in some way connected with the formation of coal and other bituminous minerals 
from similar materials , hut it is not evident what may have been the precise mode in 
which this change has taken place The opinion which has generally been enteitained 
as to the origin of petroleum, is that it has been formed by the action of heat upon 
coal beds situated beneath the earth’s surface, that is to say, by a process of carbonisa- 
tion or destructive distillation. Tho long recognised and obvious analogy between 
the vanons kinds of petroleum and the oily products resultmg from tlio action of heat 
upon vegetal and animal substances has hitherto been tho chief ground forthat opinion, 
and the still closer resemblance which has since been found to eoast between certain of 
those materials m the ohemieal nature of their constituents, would tend to increase the 
probability of its being correct, if there were not other facts which throw some doubt 
upon the formation of petrolenm from coal by on actual process of dostruotive distilla- 
tion. Thus for mstance anthracite — ^which from its being tho kind of coal containing 
the smallest amount of bituminous or volatilisable substance, would be most likely to 
be the residue of such a procese — does not present any indieatlons of having been 
exposed to such a temperature os is requisite for volatilising petroleum or for expelling 
the bituminous substance from other kinds of co.il 

Reiebenbach was induced to consider this subject from its connection with Ms study 
of the general phenomena of destructive distillation The petroleum he examined did 
not contain paraffin, and observing some otlier differences between the oily tar he 
obtained by carbonising coal, and the specimens of petroleum be had examined, he 
concluded that there was an essential difference between these substances. Refei-ring 
also to the fact that petroleum had never been mot with where coal beds were subjected 
to the action of beat by underground combustion, he was led to doubt whether true pe- 
troleum originated in this way from tho decomposition of coal In the year 1833 he 
found that by distilling coal with water, an oily liquid was ohtninahle, to the extent of 
about wo ' ooti ^^ which was clear, transparent, greemsh-yoUow, of specific 

gravity 0 836 and boiled at 167°, thus presenting groat resemblance in these respects 
VoL IV. 0 G 
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to the petroleum of Miano and of Persia, while at, the same time it smelt like turpen- 
tine oil. Argniiig from the assumed identity of petroleum iiiid the oil thus ohtaiued 
from eonl, inthoiit deeoinpnsitiuii as he suppgsed, together with the equally erroneous 
assumption of an essential dissimiidrity helweeii petroleum and the oily tar obtained by 
carbonising coal, he came to the conclusion that the commonly received opinion ns to 
the origin of petroleum was erroneous, aud was disposed to regaid it, not ns a product 
of the jecomposition of coal, but as an actual constituent of coal, and in fact as being 
probably the tiirpoiitino oil of primaeval piiio forests Heuce ho inferred that coal 
could not have been exposed to a temporaturo at all approaching that requisite for 
c.irboniaatioii, but that the petroleum it contained was expelled merely by the action of 
such a moderate heat as might prevail at no great depth btlow the surface. (Schweig 
Jour. ix. 10 ) 

The discovery of paraffin and eiipiono in the petroleum of Eangoon showed that, so 
far as these could be regarded as being exclusively products of desti’uctive distillation, 
Peioheubaeb’s coaclusion did not apply to all kinds of petroleum. Hence Gregory 
and Kobell adopted the opiiiiou that petroleum containing these substances was at 
least a product of dcstriictive distillation 

It has also been suggested somewhat vaguely that petroleum may have been formed 
by the combination of carbon nith hydrogen at considerable deptlis below the earth’s 
surface under the uiflneiiee of volcanic heat and gre.i,t pressure (Virlet, SuUeiin dc la 
iSoo. _g^cl.iv. 203 , Verneiiil, iW [2] i 800, "Lficoci, Lc3 Eaux mnirales considerks 
dans' lonrs SapporU avec la C’htmte et la Gkologie, 143 ct seq ). It is possible that by 
the reaction of water and carbonaceous siihstances under certain conditious, hydrocar- 
bons might he formed, and Berthelot’s synthetic production of hydrocarbons ( Conipt. 
rend, xliii 206) renders it probable that petroleum may in some instances have 
originated in a similar manner, though the precise iiaturo of such modes of formation 
is not yet known. B. H P 

PETROSIXiltX or Adinole . — Compact impure felspar, like the base of porphyry 
It differs fiaim jasper, which it often rosombles, in being fusible before the blowpipe 
Speciflo gravity 2 60 to 2'(58 (Dana) 

PETUWTZE. {teh-tun-tbs ) — A felspatluc rock consisting largely of quartz, used 
in China to mix wifli kaohn for the manufacture of porcelain 

FETZItCB. ToUime silver (See Tellubium ) 

PBtroBDAMIN. Imprrutmnn. C'E'^O* (Schlatter, Ann Ch Pharm, v 205. 
— Dobereiner, tbid. xxviii. 288 — ^Eidmnnn, J pr Cliem xvi 42 — Bothe, %bid 
xlvi 371 —Wagner, ibid Ixii 276, N Jahrb Pharm li 83, xiv 16 )— A neutral 
substance contained in the root of masterwoit(7»y)(ia<w'ia OstruthiumL , Ptiuosdanum, 
Ostruthiim, Koch), and of other umbelliferous plants of the peueedaiicous tribe It is 
prepared by exhausting the root of masterwort with hoihng alcohol, evaporating the 
extract, washing the residue with water and with alcohol, and crystaUising it from 
ether, which leaves undissolved a resinous substance wherewith the peuoedanin is 
contaminated 

Peuoedanin crystallises in light, transp.u'ent, colourless, shining prisms, gi'ouped in 
tufts It melts at 76=’ without loss of weight, and concretes again hut slowly, yield- 
ing at first a transparent syrup which tlicn solidifies to a waxy mass It does not 
dissolve in water, either hot or cold, it is sparingly soluble in cold, more soluble in boil- 
ing alcohol , tbe solution has a persistently acrid taste, and does not act on vegetable 
coloui’s. Peneedamii is very soluble in rf/ier, and m oils both fixed and volatile. 

Peucedamn gives by analysis from 69 6 to 71'1 pec cent carbon and 6 8 to 6 6 hy 
drogen, agreeing nearly with the formnla C'®H‘=0*, whieh requires 70 6 per cent, carbon, 
6 9 hydrogen and 26‘6 oxygen This formnla is conflimed by the reaction of peucedamn 
with potash, whereby it le resolved into angelic acid and oreoselin (p. 216) 

+ H*0 = C*H»0= -1- C’H»0*. 

Peilcedanin. Angelic Oreoselin. 

Peucadaninis insoluble in acids, and la not acted upon at ordinary temperatures by 
sttljihunc, hi/droMonc or aaettc amd. Strong nitrioacid dissolves it with aid of beat, 
converting it either into nitropencedanin or into oxypieno and oxalic acids. It is de- 
composed hy chlorine and wdme The alcoholic solution is precipitated by certain 
metallic Baits, the acetates of lead and copper for example 

Nitropcitoedamn, C'*H"(NO’)0'' (Bothe, he. at.), is produced by heating 
peucedamn to 60° with nitric acid of specific gravity 1 21 The resulting yellow 
solution solidifies on cooling to a ciystallised mass which may be purified by crystal- 
bsation from alcohol. Nitropencedanin forms colourless scales moderately soluble in 
alcohol and ether, nearly insolnble m water It melts aud decomposes at 100° When 
heated to 100° in dry ammonia gas, or treated with ammonia and alqohol, it is converted 
into nitropencedamide (probably = C'»H"(NO=)0< + - H=0), 
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■wliidi crystalliaps from boiling alcobbl in shining rhottihoidal prisms very soluble in al- 
cohol and ether, insoluble in water, ahd decomposed by weak acids or by caustic potash 
into nitropoucedauin and ammonia. 

PBITCVXi, Syn, With TEnEninmE. ’ - 

PHACOUTE. A variety of chabasite from Leipa in Bohemia (i. 844). 

PHACONXir. An albuminous substance constituting the inner portion of the 
orystallme lens of the eyes of fishes (u. 616). 

FKASOBETIH'. — ^A brown resinous substance obtained ^ Sohloss- 

berger and'Doppin^ (Ann Gh Pharm. 1, 207) from rhnbarb-rcot. To prepare it 
the root is exhausted with .alcohol of 60—80 per cent. ; the evaporated extract is treated 
with water which dissolves only part of it , the undissolved portion, after being com- 
pletely dried over the wator-hath, is dissolved in the smallast possible quantity Of alcohol 
of 80 per cent ; the solution is precipitated by ether, and the precipitate again ti’eated 
with alcohol of 80 per cent , whereby it is separated into insoluble aporctm (i. 352) and 
a solution which when evaporated leaves phseorotm. 

Phoeoretin when dried and pulverised forms a yellowish-brown powder, having no 
taste of rhubarb, very slightly soluble in viatm-, easily in alcohd an.d in alkalis, from which 
latter solutions it is precipitated with yellow colour by most mineral acids, it dissolves 
however in aodio and m omcentrated sulphuno and Its compounds with the alkalis 
have a deep red-brown colour When heated on platmum-foil it molts, giving off 
yellow vapours having a fiiint odour of rhubarb, and burns away without leavuig a 
trace of ash. The solution of phmoretin in ammonia forms with acetate of lead a violet- 
red precipitate which appears to decompose during washing. 

PH210SIH or PSaBoaxc ACID. A consbtueut of the pericarp of bay-bemea 
(ill. 477). 

PBABniACOOAI.GITE. Syn. with OuvmaiE. 

PBABMACOIiITE. Native calcic arsenate, occurring sometimes in distinct mono- 
elinio prisms, but more frequently in delicate alky fibres, acioulor crystallisations or 
stellate groups , also hotryoidnl and stalactitio, sometimes masave Hardness = 
2—2 6. Bpeoifio gravity 2 64 — 273. It has a vitreous lustre, white or greyish 
colour, sometimes tinged with red from admixtime of arsenate of cobalt, streak white. 
Translucent to opnquo. Praetnre uneven. Thin lammw flexible. It is insoluble m 
water, hut easily soluble in adds 

Analyses. — a. Prom Wettichen in the Black Forest (Klaproth, Beitrdge, iii. 277). 
—6. From Andreasberg m the Harz (John Ckem Unters ii 221) — c Locality un- 
known (Turner, Pogg Ann v. 188).— d From G-lucksbrunn in ilia Thuiungorwaid 
(Rammelsberg, ibid. Ixu 160). 


Arsenio anhydride 


5o‘'54 

26-00 


46-68 > 
27-28 ( 


70-01 


(6P68 
)2S 69 


Cobnltio and feme oxides . . . 1 43 

Water. . . . 24-46 23 86 20-99 23-40 

100 00 96-82 100 00 100-00 

These analyses lead to the formula 2Cu"0 As'O’ effO (calc 61-16 As’O'. 24-87 Ca"0 
and 23 97 water), or 2Cu"HAsO^ 53?0. The cobalt m the last is probably due to 
admixture of cobuli-bloom. 

Pharmacohto is also found at St. Marie aux Mines lu the Vosges, at Kiechelsdorf 
and Bieber in Hsssia, and at Joachiniathal in Bohemia ; it occurs in association with 
arsenical ores of cobalt and silver. 

Pioropharmacokte from Eieohelsdorf, containing 46 97 per cant Ab’ 0“, 24 66 lime, 
3-22 magnesia, 1-00 cobalt-oxide, and 23 98 water, is probably pharmacohte having the 
hme partly replaced by magnesia. 

PBABIOACOSIDSBIXE. Syn. with CiniB-oiifi (ii 171). 

PHASEOEUa. See Bean (a 624) 

PRASEOiaAHKXTB. See Inosi-tb (iii 274). 

PHEASAITT. In the egg-shell of Pkasianus ooloMcvs, B. Wieke (Ann. Oh. 
Pharm oxxv. 78) found 93-33 per cent, earhonate of calcium, 0-66 phosphate of mag- 
noBium, 1 37 phosphates, and 4 64 organic matter. 


PBENACITE or FBEN-AKXXB. A sihcate of glncimim, occurring with em- 
erald in Perm, Ilmen Mountains, and -with quartz at Framont m Alsace, in rhombo- 
hedral crystals with scalenohedral and prismatie faces. E • E =• 116° 40' , oE ■ E 
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•= 142° 41' j length of principal axis 0 6Q Cleavaga imperfect parallol to B and 
0:112 Twins also occur, With fnea of composition pariUlel to coE Hatilness = 8 
Specific graiity = 2 969 Tlie CiysfelB'are transparent to opaque, coloarless, or of 
bright wine-yellow colour inclining to red, and with yitreous lustre. Eracturo similar 
to that of quartz. Infusible per se bofOre'the blowrpipc, forms colourless glasses 
with fluxes , melts to a milh-wliito head with n small quantity of sodic carbonate, 
foms a tuincfied iiifobihle mass with a laiger quantity Not attacked by acids. A 
specimen from the Ilmen Moniitaina was found by Hartwall fPogg. Ann. xxxi 67) 
to contain 66 It silica and 44 47 glueina (= 99 61 , a specimen ftom Alsace analysed 
hyBisohof {ikd xxxiv 625), gave 64'40 sdica, 46 67 gluema, and 0 09 lime and 
magnesia — results agreeing nearly with the formula 2BaW 3SiO“ or 2G;'0 SiO* = 
d’3iO^ (see Giuoinum, n 849), which requires 63'96 sibca, and 46 04 gluema 

PHENAMEIKTE. A name ^von to amUne-Tiolet hy Scheiirer-Kostner 
(Jaluesh. 1860, p 728) who regards it as related to anilme in the same manner as 
iiophthameiUQ (oxynaphthylamine) to naphthylamine. 

PREIfAnXYIiOIi. PHEiTA'tEorEHEitYi.a'rBOEAn-sx (SeePKEHOL, p. 391.) 

PHEKATBS. See Phbnti., HninATB OP, 

PREKTEXOXi. Phenatb op Ethxi,. 

PRExrCrXXE. Bjn with Muscovitb 

PKEVic AOia. SeePnBNOL. 

PHBMTCIWE. A colouring matter produced by the action of nitrosulplinrio neid 
(a mixture of Strang nitric and sulphuric acids) on phonylio alcohol. The acid is 
added in snccossire portions to crystallised phenylio alcohol, the mixture being cooled 
aftei each addition, as long as red vapours continue to escape The acid liquor is then 
poui’cd into a large quantity of water, and the resulting precipitate is washed with 
water and diied 

Pheiuolne is a brotvn amorphous powder, sparingly soluble in water, easily soluble 
in alcohol, ether end acetic acid. Alkalis likewise dissolve it easily, imparting a flue 
violet-blue colour, which however is changed to brown by the least exee.ss of acid. It 
dissolves also m lime-water It melts and turns black at a moderate heat. It is a 
mixture of two colouring matters, one yellow, the other black, both of which however 
possess the same tinctorial properties. 

_ Pheniome, hke the aniline colours, dyes silk and wool without the intorvention of a 
mordant. A piece of silk or wool dyed with phemcina acquires a fine garnet-red 
eolom' on immersion in a solution of chromate of potassium, or better, of ehi’omate of 
iopper acidulated with sulphuric acid. Nitrate of copper produces the same effect but 
with loss intensity Cotton mordanted with stannute of aoda or with tannin easily 
absorbs pbenioine, and acquires a deep purple colour on subsequent immeraion in hot 
potassic chromate, hut the colour is ohnnged to blue by alkalis, and easily destroyed 
by soap. 

Strong nitric acid converts plienieina into a resinous paste which dissolves in am- 
monia, forming a brown solution which dyes silk and wool somewhat hke arobil. 
(E Dolfus, Bull Soo Chim 1885, i 228) 

FHEROXC ACIS. C“H'0«.— An acid isomeric with collinie acid (i. 1083), pro- 
duced by heating asoliition of benzenein a slight excess of fuming Bulpburio acid to 100°, 
then diluting with water, and gradually adding small pieces of acid potassic chromate. 
The distillate contains phenoic acid, partly dissolved, partly floating as an oil, and m 
crystals. It is dispnguished from colhnic acid by its greater solubility in hot water. 
Its silwr-salt contains Cfl’AgO’' (Church, Cheni. 8oc. J xiv 62.) 

An acid of _ the^ same composition and douhtlesB identical with the preceding is 
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PHSIfOli. O'H'O = 1 0. Jlyitfotiof Phenyl. Phernyhe alcohol. Phemo 

acid. Carhohoacii Coal-tar creosote (Ifua^/Pcgg. Ana.'ixxi. 69, xxxu. 308 — 
Laurent, -Ann Oh Pliys.[3]iu 196 — Williamson andSerugham, Chem Soc J. 
vu 232) — This compoimd is contained in considerable quantity in coal-tar (Kunge, 
Laurent), and is produced by the dry diatilUtion of salicylic acid, either alone or in 
contact ■with caustic lime or baryta (Gerliardt, Bev. scient. x 210) : 

C’H“0» = C«H«0 + CO*. 

It is also formed in the dry d istillution of gum-benzoin (E. Kopp), of the resin of 
Xanthorrhwa hasiilis, of quiiiio acid (Wohlor), of chromate of pelosme (Bodeker, 
p 372), and is found in small quantily among the products obtained by passing the 
vapoim of alcohol or acetic acid through a red-hot tube (Berthe lot) It is to phenol 
that oastoroum owes its pecuhar odour (117 ohler) The mine of the cow, of the horse, 
aud of man contain sensible quantities of phenol ^Stadoler, Ann Ch. Pharm. Isni 
360, IzxTii 17) Commercial creosote often consists almost entirely of phenol, but the 
true creosote, obtained by the distillation of wood, is a totally different substance (ii 103 ) 

Prayaiaiion. 1 Prom Coal-tar — The feu- is distilled till anthracene begins to pass 
over, the resulting ( ’ ' " ’ " ‘ -.rtion which distils over 

between 160° aud 20( . • > lotaah-ley and pulverised 

liydrate of potassium, , whiteorystalhnemagma, 

this substance is dissolved in hot water ; the oil which rises to the surface is removed , 
the lower alkaline liquid is neutr.ihsed -with hydrochloric acid ; the impiu'O hydrate of 
phenyl, which rises to the surface as an oil, is washed -With a little water, digested over 
chloride of ealoium, rectified several times, and gradually cooled to —10° lu a closed 
vessel, and the resulting crystals of pure phenol are freed from the remaining 
fluid portion by inverting the bottle over another, care being 'taken to exclude 
the air, which might give np water to the crystals (Laurent). The tedious 
fractional distillations involvedinthis process may be considerably abridged by intro- 
ducing into the portions which hod between 186° and 188°, a few crystals of pure 
phenol , a large portion of the liquid then solidifles after a while in 'Colourless 
needles, which, when separated from the liquid, distil at 184° and yield a sublimate oi 
pure phenol (Williamson and Scrughaiu.) 

G-ladbtone (Chem. News, n 98) recommends placing good commercial oarhoho acid 
for some days in contact with a lump of chloride of ealoium and than leaving the phenol 
to crystallise out in a fieczing mixture He is of opinion that the cresol or cresytio 
alcohol likewise present m eradc carhohe acid is converted into phenol hy contact -with 
chloride of calcium or chloride of zine. 

2 Prom Sahcylio acid — Crystallised salicylic acid is strongly and quickly heated in 
a glass retort either alone or mixed with pounded glass or quicklime. Phenol then 
passes into the receiver and erystulhses on cooling almost to the last drop The phenol 
thus obtained appears however to differ in some of its properties from that obtained 
from coal-tar, inasmuch as it crystalhses more readily and reacts somewhat differently 
with pentaohloride of phosphorus (p 800), 

Properties, — Phenol crystaUises at ordinary temperatures in long colourless needles 
apparently belonging to the trimotrio system, and having a speoiflo gravity of 1‘066 at 
18-’ (Laurent), 1 0827 (Serngham), It melts at 34°— 36°, and boils at 187° — 188° 
(Laurent), 184° (iSorugham). The crystals of phenol obtained from coal-tar 
deliquesce easily to an oil by takmgup a more trace of water (Laurent), a lump of 
chloride of calcium causes the oil to solidify immediately (G-eihardt). Phenol pro- 
duced by decomposition of salicylic acid is much less deliquescent than that obtained 
from coal-tar (Watts) Phenol does not redden htmus It smells like wood-tar 
orosote, and attacks the skin like that substance Its aqueous eolation coagulates 
albumen , it unites with certain animal substances and preserves them from decompo- 
sition, even removing tho fetid odour from meat and other snbatanees already in a state 
of decom(iosition. Pish and leeches die when immersed m the aqueous solution, and 
their bodies subsequently dry np on exposure to the air, without putrefying. 

Phenol IS but sparingly soluble in water, but dissolves m all proportions in alcohol, 
ether aqd strong acetic acid When shaken np ^ pt of water and exposed to a 
temperature of 4°, it takes up water and forms a hydrate 2C“H*O.H“0, which 
crystallises readily in iaige six-sided prisms belonging to the trimetric system, and 
melting at 16°. (Calvert, Chem, Soc. J. xvui 66) 

Phenol may he distiUsd without alteration over melted phosphoric acid, also over 
caustic potash, baryta, or lima. 

Secompositions — 1 Plienol passed through a red-hot tube undergoes veiy little de- 
composition, yielding however a small quantity of naphtliiileno (Hofmann).— t 
2. Strong sulphuric acid dissolves it with great rise of temperature, but without 
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tiou,foimiligpIieiiyl-B'alp]iTirie,aeid. Itieduceameroan'c oaH(?0 at the boiKug heat, 
separatOB metallie eSmr &om the filtrate, and redueee peroxide of lead to protoxide. 
Heated mth acse»!fl aoid, it forma-a yyiotr adbstauee called xanthophonio acid. 
(F. Fol, E6p. Chim. app it. 179.) 

3. Strong mine add attacks phenol with great violence, each drop as it comes in 
contact with the phenol, hissing like rod-hot iron plunged into water the product foimod 
at the boiling heat istrinitrophenic or picric acid, C‘'n"(110*)*0 , a less energetic 
reaction prodncea mono- or di-nitrophenio acid (p. 393) 

6 Chlorine end bromne likewise act upon phenol, forming substitution-products 
possessing acid ehaiactera (pp. 391, 892). 

(5 'When chlorine is passed into phenol which is kept cool; and the product treated 
with three times its weight of strong mtric acid, aiuitrochlorophenic acid, 
C“H®GlfN0“)''0, IS produced. (OrieSB, Aun. Ch, Pharm. eix, 283.) 

7 Phenol la seareely, if at all, attacked by iodine, but with chloride of iodine it forms 
mono- and di-iodophenio acids. (Schutzenberger and Sengenwald, Compt. 
rend liv. 197). 

8. Ohtoiide of tMonyl, SOCP, acts strongly on phenol dissolved m ether, eliminating 
considerable quantities of hydrochloric and sulphurous acids, but does not appear to 
form any plienyUo sulphate. 

9. A misture of hydrooMorm aoid and potasm chloiate converts phenol, first into 
triclilorophsmo acid, .ind subsequently into porchloroquinono or ohloranil, 
C“CP0t (See Quikonb, DEBiVATiriDs or ) 

10. FentaeMnnde of phosphorus converts phenol into chloride and phosphate 
of phonyL "With phenol from coal-tar tho products are chloride of phenyl and b’l- 
phouylio phosphate (Williamson and Scriigham), perhaps thus ■ 

6(C“H».H.O) + 2PC1* - 2C“H»C1 + P(C<'H«)»0' + PCPO + 5HC1, 
but with phenol &om salicylic acid, un acid phosphate is obtained, which forms salts 
with met.'illie bases, and probably consists of diphenyho phosphate . 

6(G«n*.H.O) + 2PC1» = 3C»H»C1 + P(C»H‘)“HO« + PGPO + 4HC1. 
This casilythan the neutral ti’iphenyUc phosphate 

(HI - 20 PitonFiioniu Ethers. 

11 I . . „ ^ forms phenylio benzoate, C’’H'‘(C«H®)0'' 

(L 653). 

12. Cyanic and vapour passed into perfectly dry phenol converts it into allo- 
phauate of phenyl, G=H*(C“H“)N'0“, which crystallises fi’om hot alcohol in 
slender, unoluous, tasteless, inodorous crystals, lusoluble in cold water, resolved at 160® 
into phenol and cyanune acid, and converted by aleoliolio potash into iiUophanate of potas- 
sium, by baryta-water into allophanate of baruim (Tuttlo, Jahrosb 1867, p 461) 

13. Phenol does not dissolve in aqueous amijionia, but it absorbs ammonia gas, and tho 
solution when heated in a sealed tube is partly converted into water and aniline: 

C«H«0 + NH’ = H’O + C«H’N 

14. Phenol is attacked by potassium or sudinm, slowly at first, more qniokly when 
aided by a gentle heat, hydrogen being evolved, and pheuate of potassium or 
sodium produced. (Laurent) 

15 'When oarhoma anhydride is passed into pure phenol gently warmed, and sodium 
IS added by small portions, hydrogen is evolved and salicylate of sodium is 
formed. The reaction is tho converse of that by which phenol is produced Horn 
salioyho acid (Kolbo and Laiitomann, Jahresb 1869, p. 309, 1860, p. 291.) 

Phenates — 1 MetaUto — Plienol unites with the stronger bases, but the com- 
pounds are very unstable and difficult to obtain in definite form. Indeed phenol has, 
in propertaes as well as m composition, the charactor of .an alcohol rather than that of 
an acid. It dissolves in caustic potash, but the quantity dissolved does not increase in 
proportion to tho quantity of potash present (Galvort, Chem Soe. J. xvui. 68); it 
also dissolves carbonate of potesuun, but without expeUing eurbouic aoid. Phenol 
does not unite with the acid sulphites of the alkali-metals, and therefore does not 
behave like an aldehyde, in which character Gmehn is inclined to regard it (Handbook 
xi, 146). 

dPhenaie of potassium is produced, as already observed, by heatiug phenol with 
potassium , also by direct combination of solid potash with phenol, The oUy liquid 
formed in either case deposits the potasSium-salt on cooling in white needles very 
soluble in alcohol, ether, and water, and decomposed by mineral aoids with separation 
of plienoL (Laurent ) 

rhrnate of barium, C‘“H“Ba"0“ 3IPO, is obtained by boibng phenol with baryta- 
water and evaporating in vneuo, as a crystalline crust eontaiiiiiig -12 48 per cent, baryta 

Fhenate of lead, obtained by boding phenol with litharge and adding a few drops of 
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aleoliol to the product, is a whitamass contsiningi acpordingto Calvert, C'“H‘=0*,2Pb"0 
or C'®"Pb"0^ Pb"ffO% It is slightly soluble^ in hot alcohol, and separates 'on 
cooling. With hcsic acetate of lead, phenol foijns precipitates of uncertain composition. 
(Calvert.) 

2 Aloohohc Phenatea. Phenic Ethera — a Methyl lo Phmate as Amsol hm 
been already doserihed under the latter name, together with its hromo- and uitro- 
derivatives, and the bases formed by the action of reducing agents on the latter 
(i 30-1—306) 

/3 Ethyhc Phenate, Phenetol os SalUhol, O'H'«0 = C'H’tC-n‘)0 (Cah ours, 'Ann. 
Ch Phys. [3] xxvii. 463 — ^Baly, Ann Oh Phann hcxin 208) — This compound is 
obtained by the dry distillation of perfectly anhydrous ethyl-salicylnte of barium, tlie 
oily distillate being purified by washing with warm alkaline ley, digesting with fused 
chloride of calcium, and rectification It is a colourless, mobile liquid, lighter than 
water, having an agreeable aromatic odour, insoluble in water, very soluble m alcohol 
and ether, boiling at 172°. It is not altered by potash. Suljpkuric acid converts it 
into a sulpho-iieid forming a soluble barium-salt With chlorine and hrmmne it ferns 
crystallisable products It is strongly attacked by fuming mine acid, the products 
varying 111 composition according to the proportions used; with a small quantity of the 
acid a reddisli-brown oil is obtained, probably consisting oi mononitrophenetol, 
but on boiling ethyhc phenate with an excess of the fuming acid, dinitrophenetol, 
C'H-(N0'-)“0, is obtained (see page 399) 

7 Amylic Phenate or Phniainylol, C'’H'"0 = C*H‘(C*H'’)0 (Cahours, Compt. 
rend, xxxii 61) Obtained bjr heating auiylio iodide with potassie phenate to 100° — 
120° in a sealed tube. It is a limpid eolonrless oil, lighter than water, having a 
pleasant aromatic odour, and boiling between 224° and 225°. It is attacked with meat 
violence by fuming uitrio aeid, forming a heavy oil, which, when treated with aloonolie 
sulphide of ammonium, yields a erystiiUised base (amyl-nitiophenidine, or nitro-plien- 
amylidiiie) capable of forming eiystulbsable salts Phcuumyfol dissolves in eulphnrie 
acid, forming a red liquid, whioh gnes no precipitate with water, but forms a orystal- 
lisiihle banuni-salt 

panwoi, DBRIVATIVBS OP. One, two, or three of the hydrogen- 
atoms in phenol may be replaced by bromine, chlorine, iodine, or uitojil, forming 
compounds which have more and more of an acid character as the substitution is more 
complete. 

1. Bromophenola or Bremophenie Acida 

BXonoliromoplieiiio acid. C’H’BrO. Bi omophenaaio acid (Oa,hovLSB, Asm. Gh. 
Phys [3] XU. 102) — Obtained, as a colourless oil, by distilhug bromosalieylio aoid 
•with a mixture of sand and carbonate of barium. 

Dibromoplieulo acid. C“H'Br’0. Bromoplwnraic acid. — Obtained in like 
manner from dibromosahcylio acid, as an oil which crystallises on coohng. (Cahours, 

Tribromopbenic aoid. CffBidO. Sromopheniaio or Bromvndopfic ami, 
^aurent, Ann, Ch. Phys [3] lii 211. — Erdmann, J. pr. Chem xxii. 272 — 
Cahours, loc. eit ) — Phenol immersed in excess of bromine becomes strongly heated, 
gives off liydrobromic aeid, and solidifies qp cooling to a brown mass, whi3i must be 
boded -with ■water and ammonia; the solution subsequently filtered from a small 
quantity of brown matter, and decomposed by hydrochloric aeid; and the thick pre- 
cipitate of tribromophcnie acid washed on a filter (Laurent). — 2. Tribromosiilicylic 
acid, distiUed two or tliree times with fine sand and a small quantity of baryta, iso 
yields tnbromophenic acid (Cahours). — 3 When indigo is decomposed by bromine- 
water and the product siibsequoutly distilled with potash, hiomanilme passes over, and 
trihromophenie acid remains behind. (Erdmann.) 

Trihi'omophemo aad crystallises by fasion or subhmation, or from solution, in deli- 
cate white needles, or right rhombic prisms, having the acute lateral edges truncated. 
Angle osP : ooP= 128°, ooP ooBo) = 116° It is fusible, crystalbses on cooling, and 
may be distilled without decomposition . smells like triehloropbenie acid It is some- 
what less soluble in alcohol than the latter When boiled with mtnc acid, it forms at 
first a reddish resin, which gradually disappears, and on evaporation, crystals of picno 
acid are obtained 

Tho tribromophenates, when heated to redness, generally leave a metallio 
bromide, and give off tribroinopheuic acid (f ). 

Tho ammonium-salt crystallises in needles. Its solution forms with concentrated 
chloride of barium or chloride of strontium, a precipitate composed of needles , ■with 
nAitral acetate of lead, a white precipitate , ■with oupno acetate, a rod-biwn precipi- 
tate, soluble in alcohol, and with mtiate of ailvei, an orunge-yoUow precipitate 

Substance isomne with tnbremophmic acid, — A concentrated aqueous solution ol 
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salicylate of potaasium, mixed -witli a small quantity of potash, and then ndth a laigs 
quantity of bromine, becomes heated and decolorise^ gives off carbonic anhydride, and 
soon deposits a kermes-brown snbstunee, Tvluch is insoluble in water, ammonia, cold 
potash, and alcohol, but dissolves ’with extreme facility in ether, it contains, after 
washing and drying, 22 19 per cent. 0, 7l'8 Br, and 0'88 H, and, when heated, gives 
otf white vapours, which eondeuso into delicate white needles of tribromophenio acid. 
(G ah ours, Ann Ghim. Phys [3] xm 43) 

2 Ohlorophends or CUorophemo Aetds. 

UlQUoroplieiila acid. C“ffiOFO. DicMorocarhoha axnd Chlorop'kenem) acid. 
(Laurent, Ann. Oh. Phys. [2] Ixiii 27; [3] iii 210.) — This acid is produced ■ 1 By 
the compaiMtively feeble action of chlorine on phenol. — 2. By distilling dichlorosahcj'lie 
acid with fine sand and a small quantity of lime or baiyta. It may bs prepared 
from the impure phenol which passes over between 170° and 200° in the rectification 
of coal-tar naphtha. Por this purpose chlorine is passed tliroiigh the yellowish oily 
distillate for a day. and the liquid, cooled to — 10°, is stiumed throiighhnen to separate 
the naphthalene which has crystallised out • chlorine is then again passed for two days 
through the liquid, which is then cooled to 0°, decanted from 

of dichloronaphthalene, and distilled (whereupon it froths up i 

largo quantity of chlorine, and afterwards hydrochloric acid) till the thick black residue 
exhibits considerable intumescence (tetraehloronaphthalono then subliming m needles) ; 
the distillate is shaken up in a bottle with oil of vitriol as long ns hydrocblorio acid 
continues to escape, the rose-coloured oil of vitriol (which deposits a stinking substance 
when noutevhsed), is removed by a syphon , the remaining oil is washed with a large 
quantity of water, and mixed in the flask with ammonia, with which it solidifies com- 
pletely into a white moss, with slight rise of temperature , this mass is boiled with 
water , the solution decanted hot from a brown oil, which is agmn to bo treated with 
ammonia, and then with hot water to remove the acids completely , the hot filtered 
aqueous solutions, 'T ‘ ^ . - a i-a-i i- -‘’ammonium, are mixed by drops 

with dilute mtrie • the liquid is filtered from the 

red-brown precipi ' . ^ • ilight excess of nitno acid ; the 

white precipitate, which is gelatinous at first, but attciwards ciudy, and consists of fine 
needles, ooUeoted on a filter, and distilled ofterwashing, pressing, and drying ; and the 
distillate boiled with a slight excess of aqueous carbonate of sodium, which leaves behind 
the oily dichloropheiiio acid, while precipitated 

from the filtrate by nitric acid, and ent ) 

Diclilorophenie acid is an oil whu , , a peculiar odour, 

is insoluble in water, but dissolves very easily in alcohol and other, "With aqueous 
ammoma it immediately soliiMeB into a evystalluio mass, which, however, on ex- 
posure to tlio air, gives oflF ammoma and becomes oUy, but solidifies when again treated 
with ammonia. The soUd aolt is soluble m water. 

Trtotiloroplieiilo acid. C‘H’CI‘0. Trichlorooarbolto, Chlorophenisio or Chlo- 
nniopUemd. (Laurent, Ann. Oh. Bhys, [2] bail 27, [3] lii 497 )— This acid is 
formed by the action of chlorine on phenol or dichloropheme acid , of chlorine in 
presence of water, on indigo, aniline, and saligenin , and of a mixtui’e of hydroohlono 
acid and potaasio chlorate, continued for a short time only, on phenol 

It may be prepared 1 From coal-tar naphtha, either by the method just deseribid 
with reference to dichlorophenic acid, or better, by repeatedly distilhug the commercial 
oil obtained from coal-tar, collecting apart the portion which boils between 170° and 
190°, separating it out fi-om the naphtlialene which crystalhses out in the cold, 
passing chlorine gas through it for a day or two according to the quantity , distilling it 
till nothing but a carbonaceous residue is laft(wher6upon hydroehlono aeidis given off and 
a very ofieuBive odour emitted), the receiver being changed at certain stages of the pro- 
cess, and the first and last portions of the distillate set aside ; passing chlorine through 
the middle distillate till it sohdifles into a crystalhne paste , purifying this mass from 
adhormg oil by spreading it on paper and pressing it , dissolvmg the crystalbne mass — 
which, besides the tnehlorophenie acid, likewise, oontaius a little oil and crystaUmo 
chloralbin (CCFB.*) — in boiling water containing ammoma; filtering, dissolving in 
water the tnchlorophenate of ammonium which has crystallised out on cooling , niixiug 
the solution with hydrochloric acid to precipitate the trichlorophenio acid , and puri- 
fyuig this product by washing, drying, and distillation. (Laurent ) 

2. From Satigemn -—When chlorme gas is passed through an aqueous solution of 
saligenin, the bottle being frequently dosed and shaken, the liquid immediately becomes 
turbid, then deposits a yellow, afterwards reddish, and finally orange-yellow crj'stalliue 
resm, and a white, bulky, crystalhne precipitate. To free the entire precipitate from 
a closely adhering reddish oil, it is distilled three or four times with od of vitriol, which 
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carlaonisea the oU, with evolution of bulphurous i^nd hydrochloric adds, and ultimately 
pure triehlorophenic acid distils over (Piriiu) 

Fro7n Intiiyo —When ehlomie-gas is passed through water in which indigo is 
suspended, and the yellowish-red magma ia distilled, with cohohation of the watery 
distillate, a crystalhne sublimate is obtamSd, eonsiatmg of triehloranihne and tri- 
chlorophenio acid , and when this mixture is distilled with potash, the tnchlora- 
ndine passes over, while crystaUised tnehlorophenate of potassium remains behind, 
mixed with free potash. Tina residue is pressed, exposed to the carbonic amd in the 
air, dissolved in the smallest possible quantity of boding alcohol, and left to ciystollise 
after filtration , and from the aqueous solution of the capillary crystals thus obtained, 
the triehlorophenic acid is precipitated by acids. (Erdmann ) 

Tricbloropbemc acid crystallises from solution — ^best from roek-od— or by sublima- 
tion, in very slender siUcy needles or in right rhombic prisms, generally exhibiting the 
combination <»P «Poo . oP Angle ooP : ®P = 110°; ooP • ootoo = U6°. 
It melts at 44° (Laurent); 58° (Pina), and sobdifies on cooling to a radiated mass of 
needles It bods at 250° and distds without alteration. It has a very penetrating nii^d 
persistent odour, and is easily set on fire, burning with a green-edged smoky flame and 
emitting hydrooldorio acid vapours It is insoluble or nearly so in water, but dissolves 
in aU proportions in akoliol and etlier ; it dissolves also in oils, both fat and volatile ; 
easdy also in 'nmm fuming sulphuric add, with which it solidifles to a muss of needles 
on cooling Boding mtno acid converts it into a reddish substance (called chlorophengl 
by Laurent and containing 37 8 per cent 0, 1'92 H, and 54 3 Cl), which becomes 
orystaUine by prolonged ebullition Tnohlorophenio acid heated with chloraU of 
potassium and hydrochloric add is converted into perohloroquinone or chloraml 
O'ffOPO + CP + 0 = CCl’C + 3H0I. 

The triohlorophenates give off tachlorophemo acid by dry distillation, leaving 
a metaUio chloride and cboreod. They burn with asmokj' green-edged flame JSitrie 
acid added to these solutions, throws down the triehlorophenic acid in the form of a 
bulky mass (Laurent ) 

Ammonmm-salt — The solution of the acid in aqueous ammonia, yields needles which 
have a slight alkaline reaction, and sublime completely when exposed to the heat of the 
sun, but by dry distillation in a retort, aro partially resolved into nitrogen, ammonia, 
tneblorophemo acid, dicblorophemc acid, and sal-ammoniac. The salt dissolves veiy 
sparingly m cold, very easily in hot water, or in water contaming alcohol (Laurent). 
IFoo potassium and sodium-salts form very slender needles 

■.The barium-salt is obtained as a white gohitmous precipitate on mixing a concen- 
trated solution of the ammonium-salt with chloride of hanum Dilute solutions yield 
no precipitate, but if both solutions are boding and concentrated, the tnehlorophenate 
of barium separates in long needles. 

The ammoiiium-aalt throws down fr'om concentrated (not from dilute) solutions of 
oUonde of calcium, and likewise of alum, a white 3elly , it precipitates neutral acetate 
of lead and ferrous-salts, white, feme salts, reddish, cobalt-salts, reddish, mchl- 
salts, greenish , oupric salts, brown-red (dork purple violet, according to Erdmann and 
Hofmann), the precipitate dissolving with brown colour in hot alcohol, and eryetelhsmg 
on cooling in brown, shining, oblique rectangular prisms, merauraus nitrate, white, 
according to Erdmann, metcunc ddonde, yellowish-white, curdy, and nitrate of 
silver, lemon-yellowish The silver-salt thus obtainedhas the composition C“H’AgGl’0. 
(Laurent.) 

PentaobloropbeDlc acid. C'HCl^O. FercMorophenic, Perchlorocarbolio, Oldoro- 
phenusic or Chlorinated Chlormdcptic acid. (Erdmann, J pr. Chem xxii 272. — ■ 
Laurent, Ann Ch Phys. [3] iii 497) — Produced by the action of chlorine on an 
alcohohc solution of tiichlorophenic acid, chlorisatm, or diehlorisatm (in 406, 408). 
To prepare it, chlorine is passed into boilmg alcohol of 80 per cent, containing cblori- 
satm or diehlorisatm m suspension or solution, till the thick oily precipitate thereby 
produced no longer increases. This precipitate is washed with water (to extract b.i 1- 
ammoniae), and exhausted when cold with alcohol, which loaves undissolved the greater 
part of the perchloroquinone (chloraml) formed at the same time; the alcoholic 
solution IS mixed with water which throws down a resinous substance, and this precipi- 
tate is dissolved in hot caustic potash The solution thus obtained deposits on cooling, 
crystals of potassio peutaehlorophenate, which is purified by recrystolliaing it several 
times from potasb, wherein it is but slightly soluble. 

Pentachloroplienio acid precipitated from the potassium-salt by hydrochloric acid 
forms white flocks, which when dissolved m rock-oil, sep irate in right rhombic prisms, 
truncated on the acute lateral edges Angle oaP ooP =. about 110° It is les,"! 
fusible and loss volatile than triehlorophenic acid, but may be siibhmed in long ueedlos 
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by diatillatiou witli water. Its odour is lito that of trichlorophonio acid, but more 
agreeable, 

PcntucUorojifumtc of Amvwnmniovms groups of laminse, sparingly soluble in water. 
The potasMim-Mtlt evystallises in needles or rhombic prisms. The solution does not 
precipitato the suit of caleiiua or magnesiuin , but ftirms a white floeeiilcnt precipitate 
■vnthcUoriileofbunuiii; brownish- white witlwroH-i.«//s , reddish with nitiutcof cobalt; 
greenisii with niirata of moled ; diirlt Tiolut-purplo w ilh eugne suliihaU, white floccii- 
Iput with Mcrcaive Mrfrafe or c/ifo«(fc , yellow with nit) ate of silver. Tho silTor-sult 
thus formed conUina C“AgCl‘0. 

3. lodopkcnols or lodophmio Acids. 

The mono- and di-iodated compounds are produced, with copious evolution of hy- 
drochlorio acid, hy the action of chloride of iodine on phenol. The solution of tha 
Tt-aiduo in soda-ley yields, on addition of hydrochloric acict a greyiah-whito viscid body 
which when heated under the ordin.iry abnospheric pres.siu'p, is resolved into a laigo 
quautitj' of lodmo androsolic acid, hut when distilled in a vacuum, yields liijuid mono- 
and di-iodopheuol containing asniaE quantity of rosolic acid. 

Moiio-todophenol, C*H“IO, is colourless, syrupy, lusoluhlo in water, soluble in 
akuliol and cthn-, and forms with ulkalis, crystaUisablo salts winch are soluble in pure 
water, but insoluble lu strong potash-loy. 

Si-tadophcnol, C"H‘I-0, is a colourless solid, which melts at nboiilllO®, dissolves 
sparingly in water, and crystallises from hot dilute alcohol in slender flattened needles. 
It dissnlves in akoliul, ithr, mididLulut, foruung with the lattei, compounds which are 
aoliiblo in w.itcr, but lusolnblo in strong pot.isli-ley When heated it gives ofi' iodine 
audleaves rosoho acid (Schutzenberger and Beugouwald, Conipt. rend, hv 107 ) 

4 SitiDphenoh or Hitroplunm Aotds. 

mtropbenio aold, C"H“(N0'')0 Ni(> ooarbolic acid (Hofmann, Ann, Ch Pharm. 
Ixxv. 368, cm 247 — ^Pi itzsche, Petersb Acad Pull, xvi 11; J pr. Chem. Ixxm. 
293 , Jalirosh 18.57, p. 46.3 ) — Tins acid is produced by tha action of nitrio acid on 
phenol, and by that of nitrous acid upon aniline. When nitiio oxide gas is passed into 
a solution of aniliuo in strong nitric acid, a brown resinous nnxUire is formed cou- 
tiiiuing crystnlhuc nitrophouie ncid, a brown amorphous substance, .ind a trace of 
plieiiol Nitropiionic acid is also obtained in small quantity by distilling aniliuo with 
dilute nitiie acid (Hofmann.) 

l^rcpnratinnfroniPhnol. — To obtain nitropheuioacid tree from di- and trinitrophonio 
acids, the action of the nitnc acid must bo c.u'efidly rcgiilnted For this purpose 
Hofmann mixes phenol and the strongest nitric acid by small quantities, keeping the 
whole well cooled by a freezing mixture ; then adds water, and distils the resiflting 
mixture of water, od and ream , or ho distils a homogeneous mixture of phenol and 
water with ordinary mtric acid, whoraupou the liquid suddenly turns brown, a resiu 
Bopavutes from it, and jiellow drops of nitruphenio acid pass ove with the watery 
distillate and soon solidify m the cryabilliiie form. Pritzseho dissolves 2 pts, of 
pure plionol in 100 pts. boiling water, adds 3 pts of fuming nitric acid of specific 
gi'uvity 1 51, and distils At Bi&t the mtropheiiic acid iicid passes over in oily drops 
which ultimately solidify ; afterwards as au aqueous solution, the first portions of which 
deposit needle-shaped crystals of mtropheine .loid when cooled to 0°. The nitrophemo 
acid separated from the aceompauyiug liquid is purified hy redistiUatiou with water 
and reeiystalhsation from alcohol and ether. 

Properties — Nitropheuic acid crystallises in prisms of 132’ 49', and 47° 11', having 
thoir acute and obtuse edges much truncated, hut whether they are trimetric or niouo- 
dinio could not be deteriiiuied. on account of the imporfect development of the ter- 
minal faces (Kokscharow, Petersb Acad Bull xvn 273). It has a light yellow 
colour, an aromatic not unpleasant odour, and sweet aromatic taste ; molts at 42°, and 
solidifies again at 26° (Hofmann), melts at 45°, and solidifies at the same temperature 
(Fritzsehe), boils at 216° (Hofmann), at 214° (Fritzache) It disaolves ei^ily 
in alcohol and ether (Hofmann, Fritzsche), and separates therefrom by alow evap- 
oration in yellowncedles (Hofmann), sparingly in (Hofm.anii), sparingly in 

cold, more easily in hot water (Fritzsche) , easily in bensene and sulphide of carbon 
(Fritzsche) The solutions have an acid reaction. 'Hy sidphiinc acid it is converted, 
slowly when dissolved in ammonia, easily when dissolved in potash or soda, into ami- 
do phenol, OH«(NH»)0. (Hofmann) 

'Jho nitrophenatcs are somdet or oiange-eoloured according to the quantity of 
water winch they contain 

The anunonmm-kaU Beparatea on cooling from a solution of nitropheuic acid in warm 
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aqueous ammonia, in orange-yellow laminar crystals, which quickly gire off ammoma 
even when exposed to the air in the moist state. The dry s^t jsmore easily prepared 
by passing dry ammonia-gas into an ethereal.solution of nitrophemc acid, whereupon 
It separates in laminar crystals, which, after being quickly washed with ether and pressed 
between paper, may be preserved in a well-closed vessel (Fritzs oh e) The )i>oiass(um- 
aalt IS obtained by dissolving an excess of nitrophonie acid in a solution of caustic 
potash in alcohol of 90 percent and erystnllisea from the concentrated hquid on cooling 
in flat orange-red crystals containing 2C“ffK(N0-)0.H-0 , between 120° and 130° 
they give off then- water and turn rod The same salt may be obtamed m orange- 
coloured noodles by the process given by Hofmann for the preparation of the sodium- 
salt (Fritzschc). The sodium-saU, C“H''Na(N0''‘)0, is obtained inscarlet crystals by 
adding soda in excess to nitrophemc acid, exposing the compound to the air till all the 
free soda is converted into carbonate, and reeryataUiBrng from absolnte alcohol. 
(Hofmann, Fritzsohe^ 

The hanmn-salt, C**H*Ba"(H0’‘70’, separates in scarlet tahular crystals on boiling 
baryta-water with excess of nitrophemc acid tiU the excess is drivou oflf, and leav- 
ing the filtrate to cool (Fritzsche). — The stronitum-aali prepared in hke manner 
forms orauga-eoloured needles containing C'*H*Sr"(N0“)'0® 3H-0 (Fritzsche) — The 
calcium-salt orystalhses in orange-coloured needles, C‘*H“Cn"(N0*)'0'‘H''0, or plates, 
C“II''Ca"(N0’}'0^ 4H*0, which turn red when dehydrated (Fritz'sche.) 

Magnmum-salt , — Magnesia boiled with iiitiophcnio acid foims a red solution 
whioh deposits needle-shaped crystals. Nitrophemc acid boiled with carbonate of mag- 
nesium expels only a portion ot the carbonic acid. (Fritzsche.) 

The soluble lutropheuatcs form orange-red. precipitates with acetate of lead anil 
inerouno ohlonde (Hofmann). The precipitates formed in solntions of mtrophenates 
by Sine, copper, and lead-salts quickly decompose, with separation of nitrophemc acid. 

Silver-salt, C'ff Ag(NO“)0. — Orange-red precipitate, gelatinous and difSoultto wash 
(Hofmann). Nitrate of silver added to a concentrated solntion of a nitrophenata 
forms a deep oriuige.red preeipit.ite which at fli'st consists of miewscopic needles, but in 
contact with the hquid soon changes to a powder consisting of thick crystals. A dilute 
solution of silver-mtratfi mixed with a solution of nitrophemc acid in a shght excess of 
ammonia, deposits at first long needles of a deep red colour, between wlueh orange- 
ooloured crystals gradually form, and ultimately the entire dmosit changos to a moss 
ot granular crystals. The salt is anhydrous in both forms. (Fritzsche). 

Idtliylia nitrophenate or Nitrophenetol, C“H'(C-H“)(N0’)O, is prepared 
by decomposing the silver-salt with ethylie iodide, exhausting with ether, evaporating 
the ethereal extract, aud distilling the residual brown oily liquid It then passes over 
as a nearly inodorous wino-yellow liquid, insoluble in w.ater, ousily soluble m alcohol 
and ether, slowly decomposed by boiUng with potash (Fritzsche). The same com- 
pound appears to be formed, together with ethylie dinitrophenate or dinitrophenetol 
(ji 399), when ethylie pbonate is treated with fuming nitric aeid. (Cahours ) 

Isonltropbenic acid. C“H*(N0^)0. (Fritzsche, Petersb. Acad Bull xvii. 145, 
.T pr Chem. Ixxv 257 , Jahresb. 1858, p. 407 ) — ^Thts acid, which has the same com- 
position as nitrophonie acid, but differs from it in its properties and m the constitution 
of Its salts,' IS produced, simultaneously with nitrophemc acid, lu the first stage of tlie 
action of nitne acid on aijueous phenol. It is found m the residue left after the nitro- 
plimiic acid has been distilled off, but in order to obtain it from this residue, it is im- 
portant to cusm’6 the absence of dinitrophemc acid, and therefore not to use an excess 
of nitric acid. Fritzsche therefore dissolves 4 pts of phenol m 100 pts. of hot water, 
adds 6 pts fuming nitric acid of specific gravity 1 61, previously diluted with 20 pts of 
water, and distils off about a third or half of the mixture. The distillate contains a 
large quantity of nitrophonie acid, the residue is free from dimtrophenic acid, and 
eonaists of a dark brown resinous body, which for the most part adheres closely to the 
sides of the retoit, and a yellow hquid wlueh separates m oily drops on eoohng. This 
liquid, together with the solution obtained by boiling the rosmous mass with water, is 
filtered hot, and immediately supersaturated with caustic soda, lu winch isomtro- 
plieiiate of sodium is insoluble. This sodium-salt, which separates on cooling as a 
yellow crystalline poWder, is separated from the hqmd by filtration through pounded 
glass, washed with alittle soda-ley, and crystaUibod from the smaUost possible quantity 
of boiling water, from which it separates on cooling in prismatic or tabular orystahs. 
To isolate the isonitrophenic acid, a solution of the sodium-saU, satm-atod at mean 
temperature, is mixed with hydroclilone acid at the temperature of about 40°, tiU the 
previously yellow liquid has become colourless - the acid then separates on cooling, 
first in oily drops, afterwards in slender needles To purify it by recrystallisatioii, it 
must be dissolved m water not hotter than 40°, suico at higher teinporatm-es a portion 
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of tlie acid separatea m tha liquid state, and usuallywith a yellowish-red colour, which 
it retains areu after eolidifying 

Fnpertim. — Isoiutrophemc acid cryst illises from its pure aqueous solution in slender 
colouiuess needles , hut hy spontaueous ov.ipor.ition of an ethereal solution, it may ho 
obtained in larger crystals which iibsuina u yellowish-red colour on exposure to light 
and iiir. These two forms are disluigiiished hy l?ri tzscho as the colourloss and the 
coloured luodifloafion. The acid is not, howovei, dimorphous , for, according to Kok- 
Bch.irow, both forms are monochmc, and Imvo their principal axis chuodiagonal and 
orthoihiigonal in tho same ratio, viz as 1 0338 1 : 1 60D4, and the two former nxi*s 
inclined at an anglo of 78° 37'. Tho erysUls of the coloured modification exhibit the 
combination oP -e P ooPJ ooPco , while the neodlu-shtiped crystals of the colour- 
less modification exlubit at the ends only the face ^P 

Isonifciophemc acid is inodorous, has a sweetish taste, with hui'uing after-taste. It 
dissolves very easily in dtcohol, the solution becomes milky on addition of water, and 
the iicid which gradually coUects together, remains liquid for days, if only a small 
qu.intity of water has been added. In the dry state it melts at about 110° , under 
water between 48“ and o0°. At a stronger heat, it hods and passes over for the moat 
part undecoinposed ; it volatilises perceptibly, however, at lower temperatures, even 
below Its melting point, also with aqueous vapour when boiled with water It is 
scarcely attacked hy strong sidphui ie aetd, even after prolonged boihug. "Wlien it is 
treated with iron Jihnys and dilute aceiio and, a violent action takes place, and a 
dark blown spanngly soluble iron-salt is formed, contiunuig a peculiar acid not yet 
exainuied. 

loonitrophcnates. — Isorntrophouic acid is a weak acid ; it expels earhouie acid 
from tho earhoniitcB of the nlk.ih-nictal8, and from maguesin alba , but ecaioely attacks 
the c.u'honatos of the other e.irth-metnls, oven at the boiling bent It foims but one 
ethyl-OQinponud, and is therefore probably monobasic; nevertheless, it forms two 
classes of salts, namely neutral salts, O^H'iC'NO’ or C''‘II“M"N“0'’, which me mostly 
yellow or brownish-yellow in tho hydrated, and brick-red in the anhydrous state ; .and 
acid salts, O’E^MNO" C“H‘NO» or C‘-H»M"hPO“ C'*H'W0«, from which the second 
atom of acid may be removed by other. 

The neutial anunonium-salt iob'aiiiod from a solution of the acid in excess of warm 
aqueous ammonia) and tho and salt (oy cautiously adding acetic acid to a cold saturated 
solution of the preceding) crystalhse in yellow needles, both salts melt when heated, 
^ and give off their ammonia. — Potassium-salts Tho aeid dissolves easily m dilute 

'potiish-ley ; and on adding excess of potash to this solution, the neutral salt C“H''KNO'‘. 
2H“0 separ.itos as a golden-yellow uiicioscopically crystalline precipitate, which, when 
leorystallised from a small quantity of hot water, forms confrised crusts of crystals cou- 
taiimig C'H'KNO' aH'O, they give off their water at 130°, but recover it on exposure to 
the air. Prom a cold concentrated solution of this salt mixed with a little acetic acid, 
or from a solution of the nentrul salt and the free acid in equivalent proportions, iha an d 
salt, C*H*KNO’.C“H‘KO’, separates in prismatic crystals which appear also to eoatam 
2 at. water, hut give off acid as well as water when heated — Sodium-salts, Asolii- 
tion of the neutral sodnm-salt prepared as above described (p 395) yields at ordinary 
temperatures yellow-brown crystals which eon tain C'’H''N,iifO’ 4H-'0, give off half 
their w.iter on exposure to the mr, becoming opaquo and yellow, and the remainder at 
110°, the anhydrons salt, which has a hrick-rod colour, takes up 2 at water, and 
becomes yellow again on axposuia to tho air. On adding acetic acid by drops to a 
cold saturated solution of the nrulnil sodium-salt, the and salt is soon deposited in 
prismatic crystals, whicli, when reeiwstulhsed fi’om water, yield slender orange-red 
prisms contaimog G‘'H‘]!fa0”,2S-0. 

Parium-salis Tho neutial salt, C'''*H*Ba''lT°0''.81I“0, orystalhses from a mixture 
of the neutral sodium-salt and chloride of barium, in brown-yeUow mouoclmio prisms 
with basal end-faces ; it slowdy gives off half its water when exposed to the air, and 

becomes auhydrous ut 120° The and salt, G'-H“Ba''N''0“ G"’Il’‘>N“0“.4lI“0, separatoa 

in distinct crystals fr’om a mixture of the neutral salt and the free acid in equivalent 
proportions — In hke manner are obtained thenei«7ra/s*'i>ni!/«iH-s«W,C“H*Sr''N*0*.7ff0, 
in yellow needles, the ociif sti imtiuin-salt in light yellow prisms, — also the neutral 
cakium-sdt, C'’H*Ca"H’0'‘ 4H®0, m yellow needles, and the and oalnum-sult 
G'“II*Ca"N'°0".C'°H‘“iI-'0'’ SH'O, which separates from a hot solution on coolmg m short 
flat prisms. 

The magnesium-salt, 0'“H“Mg''N''0“ 8H°0, crystallises from a mixtureof the hot 
solutions of the neutral sodium-salt and sulphate of magnesium, or from the solution 
obtained by boihug the aijueous acid with excess of magnosu alba, m flat prisms qr 
tablets. — An acid magnesium-salt does not appear to exist , 

Solutions of copper and sine-salts, added to soluble isonitrophenates, throw down 
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preolpitatos consiating of basic salts, while &ee isonitropheuie acid remams in 
solution. 

Lead-salts. The neutral salt has not been obtained — By dropping a solution of the 
soilium-aalt into a boiling solution of neutral lead-acetate, the salt 3C'*H*Pb"il’0“. 
2P1 "0, is obtained as an orange-coloured precipitate, flooculent at first but soon 
changing to a granular mass of microscopic six-sided tablets — ^An aaid lead-salt sepa- 
iMtes on cooling from a solution of isoiiitropbenic acid in hot aqueous neutral acetate of 
load, in bgbt yellow needles, which after recrystoUisatioii contain 40'*H“Pb''N''0“. 
C>»H>»H=08. 

Stiver-salts — The precipitates formed on mixing solutions of alkaline isonitropben- 
atea and silver-nitrate, differ in composition according to the constitution of the soluble 
ihomtrophenate used, the concentration, temperature, and proportions of the mixed 
solutions, and the manner in which they are brought together. The neutral silver-salt 
contaming when air-dried, C“H''AgNO“ H-0, is ohtamed, on droppmg a cold solution of 
neutral isopheuate of sodium or ammonium into solution of sdver-nitrate, as a bulky 
Bcai'let precipitate, which soon changes under the liquid to a mass of nucroseopio prisms 
of a deep orange-yellow colour If, on the contrary, nitrate of silver be added, with 
afiri'iug, to a cold aqueous solution of neutral isomtrophonate of ammonium, the liquid 
becomes milky, a reel precipitate is formed, and afterwards a permanent hght-yellow 
precipitate consmtiug of adouble isophenate of silver and ammonium When amixture 
of the hot solutions of a neutral alkaline ieonitrophenate and silver-nitrate is loft to cool, 
espoomlly if the latter is m excess, an amd silver-salt, 6C*H'AgNO''.C*H‘NO’, separates 
in purple needles, which if loft in the liquid, ultimately change into the noiitral-salt. 
A mixture of tlie wann solution of the acid sodium-salt with excess of a concentrated 
solution of silver-nitrate, also yields a-ystals of the pm-plo salt,)ust mentioned, but the 
hist portions redissulvod m the liqmd after complete coohng, and in their place there 
are formed yellowish-green Ininin® of tho normal acid salt CH'AgNO’ C“H.’N0“ H’O, 
wluoli quickly turn scarlet on exposure to tho air On dissolving either of the pro- 
coding sihor-salts m ammonia, an uoniirophenate of at gcntamnioaium is formed. A 
double isonitrophenate of ammonium and argentummomum has also been obtained in 
rather large crystals 

EtliyUo Isonitrophenaia or Isonitrophenctol, C“H*(C?H'VN0®)0, is ob- 
tained by decomposing tbo neutral silver-salt inlU etbybe iodide, distilling off the excess 
of the latter and exhausting tho roeidne with ether. It erystaUiees in colomless prisms, 
easily soluble in ether, less soluble in alcohol, insoluble in water; has a pecuhat aromatic 
odour, melts at 57° — 68° to an oily hqiiid which solidifies in a oryatalline mass, 
begins to boil at a stronger beat, and may be distilled for the moat part without 
decomposition (Britzscho.) 

Sritro-dlohloropbenlo aold. C*H’C18(NO°)0 —Obtained by treating rectified 
eoal-hir naphtha, first with chlorine, then with nitric acid The product mixed with 
water is neutralised with ammonia, and boiled; tlie filtered solution is neutralised with 
ammonia, and the iiitvo-dicbloropbenic acid which separates on cooling is purified by 
recrystallisation from alcohol. It is yellow, soluble in waier, moderately soluble in 
boiling alcohol and in ether, and cryetalhaes in beautiful monoclinic prisms having the 
angle wP ooP = 88°, ojP . oP »= 108° 20' to 108° 30' When quickly heated m 
a close vessel, it decomposes with ignition. 

Tbo ammonniin-salt crystallises in beautiful orange-red needles wbieb when cautiously 
heated partly sublime without decomposition. The poiassiimi-saU, 0“H.''KGP(NO’)0, 
crystallises in very brilliant Inrmnse, which exhibit by reflection two very different 
colours, appearing of a line crimson in one direction, and pure yellow in another. Tho 
other salts resemble the trmitrophenates orpicrates. (Laurent and Delbos, Ann. 
Ch. Phys [3] xix. 380 ) 

Krltro-dl-lodopbenic aold. C-H’I’('lifO“)0 — Pormed by treating hot nitro- 
salicylic acid with iodine and adding potash. Its properties have not been examined. 
(Pina, Gompt. rend xvi 187.) 

Dlnitropbenic aold, ClIWO" = G“H*(hrO“)®0. Nitroplienesio acid (Laur- 
ent, Ann Ch Phys [3] iii 212) — This acid is produced by the comparatively 
moderate action of mtno acid on phenol (Laurent.) ; also by boiling dimtranisol 
(roethyhe dmikopheuate, i 306) with aJeohohe potash. (Cahours, Ann. Ch Phys. 
[3] XXV. 22 ) 

Preparation — 12 pts. of commercial nitric acid are added by separate portions in a 
large porcelain basm to 1 pt of that portion of coal-tar naphtha which boils between 
160° and 190°, a fresh portion being added as soon as the violent intumescence caused 
by tho preceding has subsided, in which ease the mixture becomes hot enough to 
render external heating unnecessary. The resulting thick red-hrown mass is freed by 
water from the greater part of the nitric acid, tho residue boiled with veiy ddute 
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ammonia , the solution while hotrapidly filtered from ahrown resinous mans, whioli serves 
for the preparation of picric acid ; the brown crystalhno substance which separates 
■within 24 hours fimiu the dark brown filtruto, is collected (an additional quantity of the 
brown resinous itmss serving for tho prep.aration of picric iieul may bo precipitated from 
the mnthcr-liquor by acids); the ciystalliuo substance is dissolved in boiling water, 
the delicate needles of diiiitrophemitc of ammonium which form on cooling, are piiri- 
flad by four reeryNtiiUisations (the matter precipitated from the mother-liquors by nitric 
acid ernes also for the preparation of picric acid), washed with cold water, and dis- 
solved in a veiy largo quantity of boiliiip; water , tlie solution is filtered as quickly ns 
possible from any of the brown mass that may ho precipitated , the motlier-liquor is 
decanted from tho acid which crystallises on cooling, boiled with fresh ammonia, again 
mixed with nitric acid, &c. , and finally the acid thus obtuiiiod in fork-like tufts, is dis- 
solved m boiling alcohol to purify it from -a small quantity of oil . it then crystallises 
free from oil on eoohng (Laurent ) 

Properiica . — ^Dimtiviphemc acid forms pale hrown-yellow prisms belonging to tho 
tvimetric system, and exhibiting tho combination coP . » foo . j?ijo inth P very sub- 
ordinate. Angle coP : eoP = 130°, ooP cofeo = 115°, oofeo foo = 127°. 
Patio of principal to secondary axes = I'OO 0 619' 1 327. It melts at 104°, and 
solidiftos m a radiated mass on cooling , may bo distilled m small quantities without 
decomposition. It is inodorous , tasteless at first, afterwards 'very bitter , colours tho 
cuticle, horn, and other animal tissues, deep yellow (Laurent), It is insoluble in 
cold, spimingly soluble m hot wain-, easily soluble m a/cnhol and ether, the latter when 
hot 1 aking up rather more than a fourth of its weight of the acid 

Pccomjwaitiona — 1 The acid detonates when suddenly heated in a tube, or sbglitly 
when heated in tho mr, -with red flame and black smoke, leaving a residue of chareonl. 
— 2 When heated ■with hromiae, it is converted into dimtrobromoplienio acid. 
Ohlo-rvue appears not to act upon it — 3 By boiling nitnc aetd it is quickly converted 
info picric acid (Laiirpiit). — 4 When heated ■with chloiate nf potasaium and hj/dro- 
clilorieaeid, it is very easily converted into perohloroquinone (Hofm.inn, Ann, Phnrm. 
Ill B2) — 5. It dissolves in w.irm/Kjnin^i oil of vttnol, and then decomposes, with rapid 
evolution of gas, turning brown aud thickening at the same time. — 8. It dissolves 
gradually in dilute aulpkunc acid, in presence of suio, forming a lose-colomed liquid, 
winch is turned gieen by excess of .immonin, without precipitation. — 7. Wlion digested 
with dilute aldphiiio and and bari/ta, out of contact of air, it forms a blood-rod liquid 
(Laurent). — 8. When gently heated ivith aqueous anlphde of anmomuin, it forms a 
nearly black liquid ■which on cooling deposits needles of nitiophenamic acid: 

2C«It'(If0«)»0 + 3H'S =. C'-H«(N0*)»hl’‘0' -f 4ffO + S’. 

Dtaaroiihenlc NltropUenamle 

add. add 

9. Cldorido ofbensoyl attacks dinitrophenio acid when heated with it, ginng off hydro- 
ohlorio acid and forming dmitrophcnylio benzoate or dinitrobenzophenide (i 644). — 

10. With psntaehloTide of phusidmue the aeid gives off hydrochloric acid and phos- 
phoric oxychloride and forma diuitvopheiiylic chloride. 

Tile metallic dinitroplienates are obtained, semetimes by saturating tho acid ■with 
the 2)Ure base or its carbonate, sometimes by doublo decomposition. They are yellow 
or roseate and orystalhsable They iiU dissolve in ■water, and in this form impart a 
strong yellow ooleiir to animal tissues Heated somewhat above the melting point of 
l6.id, they detonate very slightly, with eiuissioii of hghl Sulphuric, hydroohlorio and 
nitric acid scparnlo the acid from them. 

Tlie aiHmomum-sidt crystallises from boiling water in long thin yellow needles having 
a sUky lustre. By sublimation, yellow shining lauruiae are obtained. Very sparingly 
soluble in water, still less m alcohol. 

Tna poiasmim-sciU, 2G“H’K(NO*)’0 H’O, forma yellow, shining, six-sided needles, 
with angles of 116°. They redden when heated, ■without iteration of ■weight , decom- 
pose and become opaque below 100° , give off 3-90 per cent water in vacuo at 100°; 
melt at a stronger heat, and then detonate. They dissolve sparingly in cold water, 
very sparingly in cold alcohol, more easily in hot alcohol. Tho forms yellow, 

sil^ needles, which dissolve pretty easily in water 

The haiium-aalt, G”E.“Ba"(N0’)^‘0’.6H-'0 crystallises in thick, roseate, six-sidcd 
oblique prisma and needles, with two angles of the lateral edges of 89°, and four of 
135° 30', In vacuo, at ordinary temperatures, they give off 6-6 per cent. (2 at ) aud 
at 100° altogether, 16'42 per cent (6 at ) water. 

The ammonium-salt mixed ■with oMonde of strmtium, the solutions being hot and 
concentrated, soon forms silky needles, ■with cUoridc of ealaium, granules consisting 
of needles , with alum, needles It docs not precipitate the salts at magnesium, manga- 
nese, cadmium, cobalt, mchl, or copper, or merouno salts. 

Pimirophenate of Cobalt forms brown-yellow, right rectangular prisms, with di- 
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hedial summits. Its brown aqueous solution forms with ammonia a yollow precipitate 
whicli melts and detonates when heated. The copper-salt crystallises in yellow silky 
needles, whose yellow solution forms with, ammonia, yellow needles sporuigly soluble 

Lead-salts. — The neutral salthas not been obtained. A basic lead-salt, 2C*’‘H‘‘Pb" 
(NO’)^O- Pb"0, IS formed on pouring n boiling alcoholic solntion of the acid into a 
moderately eonoentrated boiling alcoholic solution of neutral acetate of lead, and 
cryatallisea on cooling in spherical groups of microscopic needles having a fine yellow 
colour Another basic salt, C'*Il“Pb"(N0’‘)'‘0-.4H’'0, is obtained on pouring dinitro- 
phenate of ammonium into a boiling dilute solution of nontral load-aectato. It is one 
of the most powerfully detonating of all salts Tho ammomum-salt forms with solution 
of nitiate of silver a reddish-yellow precipitate, or in case of greater dilution, after a 
while, needles which dissolve in a large quantity of water or alcohol (Laurent ) 

Limtrophenio ethers. — 1 Mcthylm dmti> ophenatc or Dinilramsol, 0’H®IT-0* 
= C‘PP(CE“)(NO=)20, has been already descrihod, also the base Methyl-rairophcmdinc 
or Ihtramsidme, C'H*(NO“)KO, formed from it by the action of sulphide of ammo- 

. Et 'hi/lio Sinit) ophenatc, Lmitrophenetol or Derntrosalithol, C'HTI'O* =■ 

('N0“)^0, is obtained by treating ethylic pheuate (p 391) with an equal volume of 
fuming nitric acid, added by small portions, and boiling the liquid for ii few minutes 
till it becomes clear, and then adding water Dinitrophenetol is thereby precipit.ited 
ns an oil which ultimately solidifies, and may be crystallised from boiling alcohol. It 
crystaUises in yellow needles veiy much like dinitranisol When cautiously heated, it 
sublimes without residue, but if quickly heated, it decomposes with ignition, leaving 
an abundant deposit of charco.il. Sulphide of ammonium converts it into ethyl- 
iiitrophenidine, C»H»(NO'*)NO 

Dlnltrobromopliemc acid, G“H’BrN’'0' = C*H’I3r(N0’)’0. Mtrobrama- 
phcnesio acid (Laurent, JRev. scient vi. 66 ) — This acid is produced by dissolving 
dmitrophenio acid in heated bi’omme, washing the crystals which separate on cooling 
with n small quantity of alcohol, dissolving them in boihng ether, and leavnig the solu- 
tion to oiystaUise in a beaker covered with paper. It is eulpliur-yeUow, transparent , 
crystallises from ether m shining monothme prisms having the angle osP • coP = 106° 
SO’, oP . coP = 98° .30' — From boiling water or alcohol, it sopaisites in needles It melts 
at about 110°, and solidfies on cooling into a liimmiir fibrous mass When strongly 
heated, it distils partly undecomposed and leav-es a small quantity of ohiircoal, Per- 
nianent in the air, uiodorous, colours the skin yellow, like picric acid. It disaolvee very 
sparingly in boihng wafer, and separates almost completely on cooling, with moderate 
facility ui boihng alcohol, more easily in et/ia. It dissolves also in warm oil of vitriol 
and crystallises therefrom in fern-like tnfts 

Decompositions — 1. The acid is not decomposed by chlorine m the cold and but 
slightly when heated — 2. By boiling mtno acid it is converted into picric acid. — 3 Its 
solution in warm ml of mtriol decomjioses when heated. — 4. Its aqueons solution forms 
with. /.!)•) oiM sulphate and hmc, a blood-red liquid, with precipitation of ferric oxide 

The dinitrobromophenatee are yellow, oraiigo-coloured erred, crystallise well' ; 
resemble the picr.ates ; detonate for the most part, hke those salts, when heated, bnt 
less strongly, and in a closed space with emission of light; most of them dissolve 
in water, from which solution, sulphuric, hydrochloric or nitrio acid separates the 
dmitrobromophenio acid. 

Tho ammomum-salt forms yoUow eight-sided needles derived from a rhombic prism. 
Ill vacuo at 100° they give off 8-67 per cent, water, and 1 86 per cent more at a heat 
nearly sufficient to volatilise them, and then sublime, for the most part undecomposed, 
111 yellow, shining right rhomlnc prisms, with lateral edges of 45° and 136° — The 
potassium-salt forms yellow, silky needles, sparingly soluble in water and alcohol. 

The hanum-saH, C''^H'Br’Bii"(WO')''0“ 4H*0, forms dart yellow needles, which dis- 
solve very readily in water, give off m vacuo at ordinary temperatmes, 7 6 per cent. 
(3 at ) water, assuming a scarlet colour, and at 100°, 9 42 per cent. (4 at ) in 

The caloium-sali forms long yellow lanume, which are oblique rectangular prisms 
They turn about on recently dried paper or in vacuo, giving off water and aasnnung a 
scarlet colour Tlie ammonium-salt does not form any precipitate with chlonde of 
st> nntium. magnesium or manganese 

Lead-salt — When a boihng dilute solution of the ammonium-salt is poured into a 
boihng dilute solution of neutral acetate of lead, there is immediately formed an orange- 
yellow precipitate of a basic salt containg 37 per cent lend-oxide; and the liquid de- 
canted therefrom after some seconds, forms pale yellow silky needles of the dmlumbrc 
salt C'“H'Br'Pb"(5r0’)^0^Fb'lH.'0°, which give off 3 3 per cent. (2 at.) water m vacuo 
at 10tl°, and contain 44-0 per cent lead-oxide — In solutions not too dilute, the am- 
monium-salt forms with lead-salts, a heavy, yellow, crystiiUino precipitate. 
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Tiio ammonium-salt foi ms until the salts of cadmium, cohalt, mckcl and copper, on 
nddition of ammonia, a precijjitata 11111011 consists of needle-sliapod particles, scarcely 
solulile in ammoma. 

With nitrate nfmli'o, the nniraomum-salt forms a yellow translucent precipitate; 
from Tory diliito solutions, the silver-salt is deposited iii extremely fine flUments. 

DJnftrocJiloroplienlo acta. 0'H='C1N.!0» =. 0“H''C1(N02)»0 (P. Oriess, Ann. 
Cli. Pharm cix. 286 ) — Prepaied hy passini; a moderately strong stream of chlorine 
into about a pound of phenol, kept at a moderate heat, and adding the product by small 
portions to nitric oeid of ordinary strength, in a eapaoious porcelain dmh. The action 
begins in tho cold, and is attended -with the evolution of red. intensely irritating 
v.ipours, smelling like chloropiorin, hut towards the end a gentle heat must he applied 
till rod vapours are no longer given off Tho resulting red oily muss, consisting oliiefiy ' 
of dinitroehlorophouie aeid, is washed with water to free it from excess of mtne acid, 
and from oxahe acid formed in the reaction, and then treated with aqueqns ammoma ; 
tho oryatalline magma thus produced (consisting chiefly of dirntrochlofophonate of 
ammonium) is dissolved in hot water, and quicldy Altered , the yellow needles of tho 
ammonium-salt, whioh separate as the llltrato cools, are once recrystallised,* and the 
solution of the pimflcd salt in hodmg water is decomposed by dilute nitric acid. 

Bimtrochlorophenicacid thus prepared evystalliaea in light yellow anhydrous laminte. 
1 1 IS but slightly soluble in hot water, and seporntes almost completely in yellow lamince 
on cooling It dissolves more rendilj; in alcohol and eihtr, abundanfry also in hot 
h/dioohlonc, nitric, and sulphuric acids, separating from these solutions on ooolmg, 
especially on addition of water, in nearly colourless himmai, It melts at 103°, solidi- 
fying again to a radio-cryslallino muss at 96°, and sublimes without alterahou In 
powder or in vapour it excites violent coughing and sneezing; it tastes mtensely hitter 
like picric acid, and colours the skin yellow 

The acid or ita ainmomum-salt, digested at a gentle heat with aqueous sulphide of 
ammonium, is converted, with deposition of sulphm', into amidouitroohlorophenio 
acid, C'H»(Nff)(N0»)C10 ^ 

water, and are 
they detonate i 

shining yellow needles, green by reflected light, and begins to sublime at 100°, Tho 
poittssium~salt forms shining orange-yellow needles. The lanum-salt, obtamed by 
saturating the nqiieons acid with carbonate of barium, crystallises in delicate yellow 
needles, which turn red in rarefied air over od of ntriol, and then contain 
C’'“ffBa"Cl-(NO°)<O^.H'0 : the red crystals recover their yellow colour on exposure to 
the air, and the salt becomes anhydrous at 110°. The silver-salt separates on addiug 
nitrate of silver to a concentrated soluhon of the ammonium-salt ; when reorystaUised 
it forma crimson laminae with green iridescence, which appear under the mioroaoope as 
oblique rbombic prisms. With copper the acid appears to form several salts a solution 
of recently-prepared cupric oxide in the aqueous aeid, yields on evaporation yellow 
needles easily soluble in water 

Xrlultropbenlo or Piorlo aold. CWN'O' = 0*S\N0®)*0 Tnmtrocar- 
hiUo amd. Oarhacotic acid Nitropunc acid. Artificial Indipo-tntter. Kohlensiichioff- 
sauic Jmmeamcr lie Welter — Tins acid w.is observed by Hausmann in 1788, and 
.ifterwards examined, with regard to its composition, chiefly by friebig (Pogg, Ann. 
xni 101 ; XIV. 466 ; Ann. Ch. Phaim ix 80 , xxxix 850), Dumas (Ann. Oh. Phya. 
lin. 178 [3] n 228), and Laurent (titd [3] m. 221) 

It is produced 1. By the action of heated mtne acid on phenie, tnbromophenio, and 
dinitrophenic acid, also on soligenm, sahcylous acid, salian, sahoyUoacid, nitrosaheyhc 
acid, phlonzm, extract of willow-bark, indigo, coumann, aloes, benzom, the resin of 
Xmttiorrhaa hasiilis, resin of Peru balsam, and silk. — 2. By boding trmitranisol with 
potash-ley. (Cahours ) 

Preparation. — 1. From Phenol — ^The brown resinous masses precipitated during the 
preparation of dinitrophenic acid (p." 397), are united with the mass obtained by 
precipitating with nitric acid the mother-liquors of dimtrophonate of ammonium oh- 
kmiod in the same process ; the united mass is heated to the boiling point in a basin 
with cominoroial nitric acid , the acid liquid decanted after cooling ; the residue washed 
with a small quantity of cold water, and boiled with Tory dilute ammonia, the filtrate 
repeatedly evaporated to the crystallising point , the resulting piorate of ammonium 
purified by crystallisation from boiling &0I10I , and the henutiftil needles of this salt 
tieatcd with nitric acid to separate tho picric acid, the quantity of whioh, thus obtamed, 

iilnraate'h solIcKOea It molu raiily, and l» converted by vtilphl'ie of ammonium Into an nmld’o.acld. 
NItrodlohlorophenIc add (p. 8!i7) doot not appear to be formed In tbit reaction. 
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13 greater as the quantity of diuitrophenio acid was less. The impure dimtrophemo 
acid may also be converted into piene acid by boiling it with nitric acid, and recrys- 
tallisiiig from alcohol the portion which separates out (Laurent). Picric acid may, 
however, he more advantageously prepared tom pure crystallised phenol, which is 
now manufactured in large quantities tom coal-tar, this is in fact the mode of pre- 
paration now most generally adopted. 100 pts. of crystallised phenol, treated with 
nitric acid, yield, according to Perra (Dingl. poh J. clxv. 386), tom 90 to 100 pts. of 
picric acid 

2. From Saltan. — This substance, treated with nitric acid, yields remarkably pure 
picric acid , pldonam yields much less picric than phloretic acid (Marchand.) 

3. From Indigo — 12 to 13 pts. of nitnc acid of specific gravity 1‘43 are heated 
nearly to the boiling point in a capacious glass flask; 1 pt of the best East Indian 
iitdigo in coarse powder, is added in small portions, each addition hemg made as soon 
as the last.portion has disappeared, the red-brown liquid is concentrated by boiling 
till it becomes thiokish and lighter in colour , 3 pts. more nitric acid are added in case 
the Hquid still gives off nitrous acid, and the boding is repeated , the mother-hqiior 
IS decanted from the hard, yellow, translucent crystals which form on cooling , these 
crystals arc washed with cold water and dissolved in a siiifieient quantity of boding 
water ; the oily drops of artificial tannin wlncli then rise to the surface are removed 
with filtering paper; the solution is filtered and left to cool, the yellow shining Umirue 
of picric acid which separate are removed tom the mother-hquor, again dissolved in 
boiling water, and neutralised with carbonate of potassium; the potassinm-salt 
which separates on cooling is purified by repeated crystalhsation, then dissolved in 
boding water ; and the liquid is miied" with sulphuric, hydrochloric, or nitric acid, 
whereupon the picric acid crystallises out on cooling. An additional quantity of the 
potassmm-salt, requiring, however, further pmufleation, may he oblamed tom the first 
mo'ther-liquor by precipitating therefeom a large quantity of brown matter by addition 
of water, then dissolving it in boihng water, neutrahsing with carbonate of potassium, 
and cooling Eour parts of indigo should yield I pt. of picric acid ISometimes the 
solution of ludigo m nitric acid does not yield any crystals ; it must than he evaporated 
down, mixed with water, and the acid separated from the brown precipitate as above. 
The liquid above the precipitate likewise yields picric acid, when evaporated, boiled 
with nitric acid, neutralised with potash, &c. (Liebig) Altogether, however, the 
preparation of picric acid tom indigo is not to be recommended. 

4. From the^ yellow rmn, of Xanthorrlusa hastilu , — The resin is dissolved in the 
requisite quantity of strong nitne acid, whereupon red vapours are evolved, with violent 
frothing, aud a dark-red solution is formed which becomes deep yellow after boiling. 
This solution is evaporated overthe water-hath , the remaining yellow crystalline mass, 
which, together with picric aetd, contains small quantities of oxahe and nitrobenzoio 
acids, IS neutralised with potash , and the picrate of potassium is purified by two crystal- 
lisations, and then treated with hydrochloric acid, which separates the p'iorie acid, to 
be further purified by two crystaUiaations, and amounting to 50 per cent, of the resin 
used (Stenhousa) This is one of the best modes of preparation (see Oarey Lea. 
Sill. Am. J. [21 x^. 279 , Jahresb. 1858, p. 414) 

6 From, Benzoin. — 1 pt. of bensom (tom which the benzoic acid may he previously 
extracted by aUcahs) is gently heated with 8 pts. of commercial mtno acid; the 
mixture distilled, with four tunes repeated cohohation, after the efferveaoenca has 
ceased , and the liqmd, after decantation from the resin, mixed ivithfour times its bulk 
of water, filtered tom the precipitated yellow powder, and neutralised while hot with 
corbonate of potassiiun * it then yields crystals of picrate of potassium on. cooling. 
(E. Kopp, Ann Cliim. Pbys. [3] xiii. 233.) 

6 From Silk. — 1. When 1 pt of silk is distilled, -with frequent eohobation, T^itb 
6 pts. of nitnc acid, a solution is obtained whicb, evaporation and cooling, yields 
crystals of picric and oxalic acids ("Welter) — 2. Iiiebig uses 12 pts of nitric acid; 
neutralises the residue in the retort with carbonate of potassium , purifies the crystals 
of potassic picrate by recryetallisation ; and precipitates the acid from their solution by 
nitric acid. The product from silk is however much smaller than that which is 
obtained from indigo 

7. From Aloes — 1 pt, of aloes is heated with 8 pts of strong nitnc acid till violent 
action takes place ; the fire is then removed ; the mixture, after the gas-evolution has 
ceased, is introduced into a retort; the greater part of the acid liquid poured off; the 
residue distilled with 8 or f pts. of fresh nitnc aad, which still causes a slow evolution 
of nitric oxide, till the greater part of the nitnc acid is decomposed or volatilised; the 
residue diluted with water, which separates the chrysammic and alootic acids still re- 
maining undecomposed, and the yellow filtrate after being evapoi-ated, to remove the 
greater part of the nitric acid, is neutrahaed with milk of lime, pure picric acid may 
th^ be^ecipitated from the filtrate by nitric acid. 
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8 From Trirntranisol. — Tniiitranisol jb boiled for a few minutes with moderately 
strong potash , water is added till aE the resulting potassium salt is dissolved , the salt 
allowed to crystalhse by cooling, and the acid separated therefrom by boiling dilute 
nitric acid : it then soparutea on cooling in yellow shining needles, and may be purified 
by washing with cold water, and crysbdlisation fromboihng water.* (Oahours, Ann. 
Ch. Phys. [3] zxv 26.) 

Funficaiion . — The conversion of crude picric acid into a potnssinm-aalt affords a very 
convenient mode of purification on the small scale, as the salt is but very slightly 
soluble in cold, though readily soluble in boding water But in operatmg on a large 
scale, the filtration of this salt presents great difficulties, as the liquids, even when bod: 
mg imd contained m heated funnels, have a great tendency to crystallise on the filters, 
which they then rapidly choke. Several mannfaeturers therefore prefer converting the 
crude acid into a sodium-salt, hy satoating the boiling solution with sodio carbonate, 
taking care to avoid an excess, as that would dissolve the yellow resinous matter with 
which the acid is contaminated. Tho boiling liquors are filtered to sep.irate this ream, 
and the filtrate is mixed with a further quantity of sodic carbonate. This causes the 
bulk of the sodic picrate to mystallise out, as the salt is nearly insoluble m solutions' 
containing an excess of alkahne earbouate The small quantity of piorio acid still 
remaining in the mother-liquors may be precipitated by adding a potassmm-salt. 

The crystallised picrate of sodium thus obtained is thou dissolved, and its boiling 
solution 18 decomposed by au excess of sulphuric acid. The picric acid thus separate^ 
bemg nearly iijboluhle in tho mother-liquors containmg tho acid sulphate of sodium, 
Ci'ystallises out almost entirely on cooling, and after draining, washing with a little 
cold water, and pressing, is almost chemically pure. (Sofmann’s lieport, p 136 ) 

Fi-opoHies.— Plena aeid cystallises in hght yellow, strongly shining laminos 
(Liohig), in yellowish octahedrons, often very much truuoatod on two of their 
summits (W elter) ; y'ellowish-white needles andgranules (Ohevrenl). The crystals 
belong to the triroetric system. Angle coP . «dP = 115° 30' ; P P = 108°, 
P ; ooPw = 125° (Lauren t). The acid melts when slowly heated, forming a brownish- 
yellow oil, jvhich solidifies in a orystalhno mass on ooohng. When slightly heated in 
contact with the air, it volatilises nndecomposed j at a higher temperature, it boils and 
gives olfa thick, yellow, suffocating, irritating, and intensely bitter vapour, and sub- 
limes in small yellowish-white needles and scales, or pusses over as a brown hquid 
which oiystallises on coohng. It tastes very hitter and somewhat harsh and sour, and 
reddens litmus. The impure acid from mmgo m doses of 1 to 10 grains, kills rabbits 
and dogs, with delmum and convulsions 

Piono acid dissolves in 160 pts. of water at 5°, in 86 pts. at 15°, in 81 pts. at 20°, 
in 77 pta at 22 6°, m 78 pts. at 26°, and m 26 pts. at 77° (Marohand) The solu- 
tion has a deeper colour than the solid acid, and imparts a strong yellow stain to the 
skin and other animal tissues. 

Water containing only of piorio acid is distinefly yellow, with of the acid 

the colour is still perceptible in a stratum an mch deep, and in larger masBes to a still 
greater degree of mlution. (Carey Lea ) 

Piono acid is likewise easily soluble in alcohol and in ether. It dissolves in warm 
concentrated mlphune and, and is precipitated therefrom by water unchanged, and ac- 
cording to Lea, m square lamina belonging to the trimetno system A cold saturated 
solution of picric acw muted with 2 to 4 vol of dilute sulphuric acid (1 vol. oil of 
vitriol to 1 vol. water) remains nearly or quite colourless, without separation of pierio 
aeid with -I or§ voL aulphurie acid, nearly all the picric acid is precipitated (Oarey 
Lea) Strong nttne and dissolves pieno aeid in large quantity. 

Seoompoeitions. — 1. The acid when strongly heated, ^ves off acrid and very bitter 
vapoiu's, which condense as a sublimate on effid bodies ; when qmckly heate d in a retort, 
it decomposes with explosion, giving off nitrogen, mtno oxide, water, carbonic anhy- 
dride, hydrocyanic acid, and a combustible gas, and leaving a carbonaceous residue. 

2 By cUonne gas, aqueous Monde of hme, or a mixture of hydrocUonc and and 
chlorate of potassium, it is resolved into ehloropicrin and perohloroquinone 
(chloranil) . also by hot mtromunatio aoid, by bromznemd watei', mto bromopiorin 
and perbi’omoquinone. It is also converted into bromopiorin by distillation 
with Aypoftromite o/5a«twii (Stenhouse, Phil. Mag [4] vid 368) — 3 When genfly 
heated with a mixture of psromde of manganese and sulphuric and it gives of nitrous 
vapours. — 4 Boiled with a strong solution of caustic potash, it gives off a large quantity 
of ammonia, and forms a brown solution from which alcohol extracts a yellow salt 
cryataUising in needles. Picric acid is likewise altered hy prolonged ebullition with 
haryta-water. 

uUnpmuieu'’'’*'* 


* Tbs acids oblalned by this and the praceding process were at first reg 
identicalj wUh pictie aetd, the^cld from aloes temg called chiysoUpie nciii( 
identical with picric acid, the dilTerence formerly observed having been due I 
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5 When picric acid is digested with a so 
caustic baryta or hme, a red-brown mai 
(Wohler’s mtrohsematio acid) : 

C»H»(N0^)'O + 6FeO + ffO 

Plcrlo acid. 


tion of ferrous sulpTiats and an sxoe 
is formed containing picramie i 

=. Cra*N(N0*^*0 + 8Fe*0^ 



Picric acid is also reduced to picramie acid by ferrous aUonde and aoetatc, cuprous 
chloride, nascent hydrogen, and by the ssilpkii^ of ammonium and of the fixed dhah- 
mcCak , most readily by passing snlphydric acid gas through a Buturated alcoholia solu- 
tion of pioi'ic acid neutralised with ammonia. (Girard, Ann. Oh. Pharm Ixxsmn 
281.) 

4. Picric acid treated with tin and hydrochlorie acid is converted into a crystalline 
double salt of stannous chloride and hyiiochlorate of pioramine, CH’N* (Ronssin, 
Bull. Soo. Chim. 1861, p. 60 , — ^Beilstein, Ann Ch. Pharm. exxr 244)- 

C*ff(N0»)=0 + Sn"> + 23HC1 - C"H«N« 3H01,SnCl»- + 9SnCP + 7ffO. 
The same base is obtained as a hydriodata by the action of iodzde of phosphorus on a 
saturated aguoous solution of picric acid (Lantemann, Ann. Ch Pharm oxxv. 1): 

+ 23HI == C»H“N“.3HI + V> + 7ffO. 

5. Picric acid treated with cyanide of potassium in the state of hot concentrated 
aqueous solution assumes a deep blood-red colour and is converted into iaopurpuric 
acid (Hlaaiwetzj Beilsteinjiii 483). 

O»H>(Sr0»)»O + aObTH + H»0 - C«E»N*0* + CO* + Nil'. 
According to Oarey Lea (Juhresb. 1858, p. 415) picric acid is converted into picramie 
acid by the action of cyanide of potassium ; but this statement is contradicted by 
Hlasiwetz andBeilstein (Jahresb. 1869, p. 468). 

6. Pentaohlonde o,f phosphorus acts violently on picric acid, forming chloride of 
trinitrophenyl or ohloropioryl (Pisani, Compt rend. munx. 862): 

. C»H"(]SrO“)*0 + PCI* = C«H*(NO*)»a + P01»0 + HOL 

7 Ohlonde of benco^l heutoi with picric acid converts it mto benzoate of tri- 
nitrophenyl or trinitrobenzophonide (i. 664). 

8 A mixture of alcohol, sulphuric acid aai. picric acid appears to yield picrate of 
ethyl, (Mitsoherlioh.) 

Detection of Piano Acid, — As reagents for the detection of picric acid, Oarey Lea 
recommends an auimoniacal solution of cupric sulphate, a solution of sulphide of potas- 
sium mixed with excess of alkali, and of cyanide of potassium with ammonia. The 
first produces a greenish precipitate, the other two when heated with the aqueous acid 
become red, or in case of very great dilution, yellow. 

Uses of Ficno acid. — ^Picric acid is used for dyeing silk and wool, especially the for- 
mer, of a yellow colour. Its colouring power is very considerable, and it exhibits a great 
affinity for azotised substances. The colour resists the action of light very wcU, hut 
IS somewhat affected by washing, especiaUy with soap. Its stabUity is moreased by 
mordanting the sflfc and wool with alum. 

Cotton, hemp and flax do not exhibit any aflSnify for picric acid ; this acid may there- 
fore be employed for distinguishing silk and wool from cotton and flax. For this pur- 
posethetissueisimmersedinahot solution of picric acid and then washed with water , 
the threads of silk and wool then assume a deep yellow colour, while those of cotton 
and flax remain perfectly colourless. 

The isopiirpurate of potassium produced by the action of cyanide of potassium on 
pienc acid yields, when treated witt sal-ammoniac, an ammonium-salt possessing the 
external characters of murexide (purpnrate of ammonium, j ®.), and acting exactly 
like that compound when applied to dyeing 

The coloured compounds produced by the action of ferrous and atannous salts on 
picric acid have not yet been applied to any practical purpose. 

PiORATES. — Ficric acid is monohamc. The metaUie picrates are mostly crystallisable, 
hitter, and of yellow colour. They explode when strongly heated, especially in close 
vessels. By precipitating solutions of heavy metallic salts with alkahne picrates, 
Carey Lea (SiU. Am. J. [2] xxxi. 78) has obtained compounds of metallic picrates 
with ammonia The sdver-salt contams 2NH* C“H“Ag(N0^“O , the copper and cobalt 
compounds are represented by the formula 4NH*.C‘*H*M"(N0*)*0*, the zinc and 
cadmium compounds by the formula 3!NH’.0'*H*M"(N0*)“O*. 

Picrate of Aluminium separates after some days from a mixture of the hot eolu- 
tiouB of chloride of aluminium and picrate of ammonium, in stellate groups of crystals 
which are permanent in the sir. (Carey Lea, SiU Am J [2] xxw. 279.) 

Piorate of Ammonium, 0*H?(NSi)(N0*)*O, erystaUises in yellow four-, six- 
B D 2 
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and eiglit-sided prisms, Wonging to the trimetrio system, and exhibiting the comhina- 
tion aP . ®P«> . Dsifoti .P. Angle a>p a>p = 111° coP . oo = 146°, 
P : P (terminal) = 13o° , P P (basal) = 116“ (Laurent, Eev. Sciont is, 26). It 
is moderately soluble in water, sparingly in alcohol. 

Tier ate of Barium, C‘®H'Ba"(NO’)"0-’ 511^0, cryst.illises in monoclimo prisms 
of deep yellow colour (yellow with rod terminal faces, according to Lea), Tory solnbla 
in water, fusible and explosive _ The crystals contain 11 10 par cent, water of crystal- 
baation, the greater part of which is given off at 100° 

Picrate of Cadmium separates li-om the solution of the carbonate in hot aqueous 
picric acid, in large rhombic prisms, isomorphous with the ferrous and mauganoiis salts 
(I'tpf) a), vpiy soluble and efflorescent , the aqueous solution when boiled for some tune 
deposits a brown powder (Lea.) 

PiC) ate of Calcium forms prisms mors soluble than the barium- and atrontium- 

Picrates of Chromium. Ohiomous acetate dissolves in aqueous picric acid, form- 
ing a brown hqnid which dries up to an amorphona mass Basic ch omw carbonate 
dissolves in aqueous picric acid forming a greenish solution which also dries up to an 
amorphous mass; hut by exactly prceipitatiug a solution of violet cliromic sulphate 
with picrate of barium, and leaving the filtrate to evaporate, small groemsh needle- 
shaped crystaSs are obtained. (Lea.) 

Picrate of Cobalt, C”H'Co"(NO’)‘0' 6H’0, forms dark brown needles which melt 
and give off all their water of crystallisation (14 4 pei cent ) between 100° and 110°. 
(Marohand.) 

Piora to of Oopp er, C'*H''Cu'’(NO*)*0= 6H®0 — ^When carbonate of copper is dis- 
solved in boiling aqueons picric acid, the solution evaporated to diyness, and the 
residue treated with boihng absolute alcohol, neutral cupric picrate dissuUos. while a 
basic salt remains behind. The neutral salt forms small green shining needles, 
efflorescent and melting at 100° (Marchand) On adding an ammomaoul solution 
of euprio sulphate to an alkahne picrate, a copious greenish-yellow precipitate is 
formed, which is resolved by water into cupric oxide and picrate of ammonium. 
(Lea) 

Picrate of ffiKotituui separates in golden-fellow crusts on evaporatmg a solution 
of carbonate of glucinnm in hot aqueous picric acid. (Lea ) 

Picraies of Iron — The /errous salt forma greenish-yellow crystals, isomorphous 
with the manganous salt. The forio salt is obtained in yelloivish-red prisms and 
yellow needles by exactly precipitating a solution of picrate of barium with feme 
sulphate, and leaving the filtrate to evaporate. Aqueous picric acid dissolves but a 
small quantity of ferric hydrate, even at toe boilmg heat (Lea) 

Picraies of Lead — The neutral salt, C'^H'PbXNOYw*. is obtained in the form 
of brown needles moderately soluble in water, during the cooling of a boiling, slightly 
acidulated mixture of an alkahne picrate and acetate of lead. (E. Kopp, Ann. Ch. 
Phys. 13] xiii. 233.) 

Pasta salts. — a. By pirecipitating a dilute and boihng solution of neutral lead-acetate 
with picrate of ammonium containing a large excess of ammonia, a deep yellow powder 
is obtained, composed of rectangular prisma and containing C''-H^Pb''(NO'')“0“ 4Pb''0. 
— A mixture of picrate of ammonium and slightly acidulated acetate of lead yields 
on addition of ammonia, a light yellow precipitate, which when left at rest, changes to 
a mass of shining scales, soft to the touch hke talc, and containing C'°H*Pb"(NO*)“0'. 
2Pb"0 3H’0 (Marchand), — y, A boiling mixture of picrate of amraoniiiin and acetate 
of lead deposits, according to Laurent, small dark yellow rhomboidal tables iippai'ently 
contauiiug 0”HW'(NO»)«O'' Pb''H*0» 

Apk>' 0 -acetate of lead, 0>^HW(lir0»)WC*H»Pb''0HH’'0 (Marchand), is de- 
posited m light yellow, very hnlliant rhomboidal tablets, when a boiling mixture of 
potassio picrate and an excess of lead-acetate is left to cool. This compound gives off 
acetic acid when dried. 

Picrate of Magnesium forms long flattened needles, of yellow colour, very 
soluble in water, nearly insoluble in boiling alcohol, and apparently containing 6 at. 
water of crystallisation. (Marchand.) 

Picrote fl/ilfaupanese, G'*H^Mn"(lirO“)W.8H*0 (Marchand) — A solution of 
manganous carbonate in hot aqueous picric acid crystallises by slow evaporation in 
large rhombic crystaU exhibitmg the combination oof oj oof » . aP oP, and 
appearing pale yellow in the direction of the principal axis, reddish in every other 
direction (Lea) According to Marchand, the crystals quickly give off 3 at. water on 
exposure to the air and 4 at more at 130°. 

Picraies of Mercury — The meremne salt is deposited in small yellow prisms 
very slightly soluble in cold water, during too cooling of a boihng mixture of 
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aerouroua uitrate and pierato of potassinm (Liebig). The niwouno salt separates 
from a solution ef mereurie oxide m aqueous picric acid, in orange-coloured shining 
needles, -which effloresce and turn yellow on exposure to the air. (Lea.) 

Viora te ofNicksl, C'=H‘‘Ni"(N0’)“0- 8H’0, is obtamed by spontaneous evapora- 
tion of a solution of hydrate or carbonate of nickel in aqueous picric acid, m gi-een, 
dicliroie, efttoreseent crystals, very soluble in alcohol (Marcliand ) 

Piorats oj Potassium, C“II*K(N0-')-‘0, isobtained by neutralising a hot aqueous 
solution of picric acid with potash, or, according to Lienig, in the state of greatest 
purity by digesting an aqueous solution of potaasie chloride with mercurous pierate. 
It crystallises in yellow rhombic prisms, usimlly with a metallic reflex Observed 
eoiubmation coP . cof oo . f co . Angle ooP . coP = 110^ 16' 30" , f co foo in the 
braehydiagonal principal section = 139 26' Eatio of vertical to hoiizontal uxea =. 

1 ; 2 70456 • 1 SS469 (Laurent, Eev. seient. x 26). It is but slightly soluble in 
•water, requiring for solution atleaat 260 pts water at 16°, and I4pta of boiling water; 
insoluble ui alcohol Hence picric acid forma ii precipitate in solutions of potassium- 
salts if not too dilute, especially on addition of alcohol Wben heated, it assumes an 
orange ooloui', but becomes yellow again on cooling, when strongly heated, it decom- 
poses with detonation 

Piorats of Silver, C“H*Ag(110*)'’0, forms fine yellow shining needles very soluble 

Piorats of Sodium iaxms slender shining yellow needles, soluble in 10 to 14 pts. 
of water at 15°, and detonating rather strongly at a high temperature. According 
to Lea, an alcoholic solution of picric acid forms a precipitate after a while, in alkaline 
solutions of sodium-salts, wheu not very dilute hence picric acid cannot bo depended 
upon as a test for distmguisliing between potassium and sodium. 

Piorats of Strontium, 0'-H'Sr"(N0')W.6H®0, forms hard, shining, yellow 
crystals, moderately soluble in cold water, very sbgbtly soluble m boding absolute 
alcohol. It detonates when heated 

Piorats of Zinc, C'*H-‘/n"(NO®)"0'‘ 7ffO ? forms beautiful rhomboidal prisms, 
efflorescent, very soluble in water and in .alcohol It gives off 8 per cent water in dry 
air, at ordinary temperatures, and 14 per cent, (in all) at 140°. 

PioitATBS, Aucoholio. Picrio Etuehs —The only knoivn compound of this class is 
the pierate of ethyl, which is produced, according Mitscherlich, by boiling' an alcoholic 
solution of piorie acid eontaoning a little s’dphmie acid for several hours, then adding 
ammonia and water The product crystallises in scales having a fault yellow colour, 
melts at 94°, and begins to bod and decompose .it 300° It is inodorous, but has a 
biting and bitter taste. It is sparingly soluble in cold, more soluble in hot alcohol 
(Mitscherlich, J pr Chem.xxii 196) Erdmann (lAid xixvii. 413) was not able 
to prepare pioi’io ether by the process just described. 

PiOEATES OF OiioANio Basbs. (See the several Bases ) 

PiOHATUs OF Hybucoarbons — Crystalline compounds of picrio acid with benzene, 
naphthalene, and other hydrocarbons, have been obtained by Eritzsche (J. pr Chom 
Ixxui 212 ; Jahrosb 1857, p. 466) — A hot saturated solution of picric acid m bmzens 
yields shining light yellow rhombic crystals of the compound G'n® C*H“(NO'‘)*0, which 
remains taiusparent in an atmosphere of benzene, but when exposed to the air im- 
mediately begins to give off benzene, and is ultimately reduced to a brittle mass of 
crystals of picric acid. The compound melts between 85° and 00° to a light yellow 
liquid. It dissolves without decomposition in alcohol and ether, but cannot be crystal- 
Lsed therefrom Water abstracts picric acid from it, the whole of the benzene then 
voUblising at the boiling heat. 

Piorats of Naphthalene, C'“H“ C“H“(NO®)''0, separates from a hot alcoholic solution 
of the two substances in gold-yellow needles, which after being rinsed with a little 
alcohol he dried in tne air between paper. Cold alcohol or benzene may also be 
used as the solvent. The compound melts at 149°, dissolves without decomposition in 
alcohol ether, and benzene, and is but slowly decomposed by boiling water 

Piorats of Anthracene, 0”H'" G“II“(NO®)*0, has been already described (p 351), 

The formation of these compounds may serve for the separation of hydrocaibonsone 
from the other. Eritzsche found that coal-tar oil boiLng at 150°, and free ftom 
acid and aUiahne products, gave "with picric acid an immediate and abundant pre- 
cipitate of yellow needle-shaped evysUls containing only one hydiocurbon, viz, naph- 
thalene, on further addition of picric aeid, a ciystalhsed oompoimd of that acid with a 
hydrocarbon heavier than water was formed, and the mother-liquor, when cooled to a 
very low teroperutni'o, deposited monoclimc crystals, which when decomposed by am- 
monia and distilled, yielded a hydrocarbon of variable boiling point, but related to 
oumone in composition and properties. Other trinitro-acids unite wilii hydroeaa-bons 
in a similar manner. 
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CoHi^omds produced bg tie action of Seducing Agaits on the SitropJiemc Adds, 

1. Bg Sulphide of Ammonium. 

XTltropbenaniiOi Dlnitrooipbenamlo oi Axnido&ltropbenlo Acid, 
(CSh*)»)ip 

C'’H'’N‘0«= (NO“)* [qj = C«H'(NH’‘)’(N070»,(LaurentanaGerliardt, Compt, 

cHm 1849, p. 468.) — ^Formed by tba action of sulpiride of animomum on duiittophenic 
aad. Wlien dinitvophenato of ammonuiin is gently heated with bulphide of aiUTnouiutt), 
a brisk reaction talcoa place after a few minntos, and the resulting nearly black iniiss 
deposits on cooling large blaok-brown needles, which may be freed from excess of Mil- 

S of ammonium by boiling with acetic acid, and purified by two or three cryatal- 
ins from water 

Nitrophcnamic acidi thus obtained forms black-brown needles which jdeld a yellow 
powder. They are hexagonal prisms with four angles of 181° 80' and two of 
97°. They contain 10 per cent, or 4 at water (0‘® °N'‘0".4H?0), which they give off 
between 100° and 110° The acid is very shghtly soluble in cold water, moderately 
soluble in alcohol and other. When heated it first gives off its water of crystalhsation, 
then melts, throws off a few colourless scales and a brown oil, and leaves an abundant 
roaidno of ohareoal which takes fire when strongly heated. 

Mtrophenamato of ammonium does nob appear to hare been obtained in the solid 
state. The aeid dissolves in ammonia, forming a deep rod solution which gives off all 
Its ammonia divrmg concentration. Tlio poiaismm-ialt, C‘^H.'‘KN'0“, forms small 
crystalline nodules very aolnhlo in water and in alcohol. The barium-salt forms spar- 
ingly soluble brown needles, obtained by adding acetate of barium to an ommomaonl 
solution of the acid. The oalcmm-talt obtained in like manner sepaintes after a while 
in small needles. The copper-salt is a yellow-Meen precipitate; the lead-salt an 
orangc-hrown precipitate The silver-salt, C“'H"AgN''0'’, is a dark brown-yellow pre- 
cipitate which separates in scales firom hot solutions. 

Stbyl-nltroplienldtiia or KTltropbeneUdlne, C‘‘H''(0’H“)(NH'“)(N0’)0. 
(Cfthours, Ann Oh. Phys [3] xxvii. 463 )— A base produced bypassing sulphy- 
drio acid and ammonia gases simultaneously through a solution of athylio dinitrophe- 
nate (p. 399). It crystallises in brown noodles resembling methyl-nitrophenidme or 
niti’anisidine (i. 304). It acts on ehlonde of benzoyl when heated with it, forming 
a product which crystallises from alcohol in small needles. It forms crystallisablo 
salts with hydroelilonc, nitric and sulphuric acids. 

Ploromlo, Dlnltroptaeaomlc, or Amtao-aialtropbeiilc Add, OiEGN'O* = 
(C«H7'w 

(N07 = 0»H*(ira»)(N070 (Girard, Oompt. rend, sxxvl 421.— WShler, 

Pogg. Ann. xiii. 488.— E Pugh, Ann Cli Pharm. icvi 83.)— Produced by the action 
of sulphide of ammonium or of ferrous salts on picric acid —1 When sulphydric gas 
is passed in excess through » saturated alcoholic solution of picric acid neutralised 
with ammoniu, the hqnid acquires a deep red colour and deposits a mass of dark red 
orystola of picramatc of ammonium, an additional quantity of which is obtained on 
distilling off the alcohol; and from tins salt the acid may ho aepaiated by preapitation 
with acetic acid from a hot solution (Girard). — 2. Tlie mtrohamaiic acid winch 
W6hl er obtained by the action of ferrous sulphate on pierie acid has been shown to be 
identical with picramic acid (p 403) 

Picramie acid separated from its ammonium-salt by acetic acid forms beautiful red 
needles, often grouped in tabular masses (Girard); from an ethereal solution it 
crystallises in distinct prismatic crystals with very acuta terminal faces, garnet-coloured 
by refiacted, yoUowish-red by transmitted light (Pugh). It has a. shghtly bitter 
taste (Girard); does not taste bitter (Pugh). JKCelts at 166°, and sohdifics in a 
mystalline mass on coohng (Girard) It is nearly insoluble in viater, even at tho 
hoiling heat, but soluble m alcohol and ether (Girard). 

Tho acid heated above 166° is decompoaed, with evolution of tarry vapours con- 
taining hvdrocyamc mud and ammonia, and leaves a residue of charcoal (Girard, 
W ohUr) It hums vividly when thrown on red-hot coals (Girard) It dissolves 
at ordinary temperatures in sulphuric acid, forming a red solution, from which, on dil- 
ution with water and addition of ammonia, the picramic acid separates out unaltered ■ 
similarly with hgdrocUone acid , hut by hot concentrated sulphuric acid it is decom- 
posed and carbonised (Girard). Strong wifrm acid decomposes it, with abundant 
evolution of nitrous fumes, the liquid assuming a straw-yellow colour and the picramic 
acid being converted into picric acid (Girard, Pugh). According to Wohler, 



NITROPHENAMIC ACIDS. 407 

nih-oiiiEmatic acid is not reconverted into picric acid by the action of nitric add; and 
according toOareyLea, this is also the ease 'withpioramic acid. 

Pioramic acid unites readily with bases. Its salts are mostly crystallme; thoir 
general fortnula is The solutions of the alkaline picrates precipitate the 

salts of copper, mercury and silver, but not those of manganese, iron, cobalt, or 

Piarmnate of ammonium, C*H^(NH^)NW, ^iropared as above, separates from the 
alcohohe solution by spontaneous evaporation, in dark orange-red rhomboliedral tables. 
It does not decompose at 100°, but at 135° it effloresces and gives off ammonia, melts 
at 166°, and decomposes at a higher temperature. It dissolves readily in water and 
alcohol, forming deep red solntions, hut is insoluble in ether. The aqueous solution is 
decomposed by continual boiling, with separation of a brown powder. (Girard) 

Piaramaie of Copper, 0"‘H*Gii''ISt'0*“, is a yellowish-green, amorphous precipitate, 
which detonates slightly, is insoluble in water and oleohol, but aolnhle in acids. 
(Girard ) 

PioramaU of Lead is an orange-coloured powder which explodes when heated, and 
also by percussion, but without much noise. It dissolves in water, ammonia and acids, 
but is insoluble in alcohol. (Girard.) 

PtoramaU of Potassmm, 0“H^KN’0*. — Obtained by decomposing the hot solu- 
tion of the ammonia-salt with potash. Separates on coobng in rod transparent 
elongated rhombic tables, containing 19'0 per cent potash. It decomposes with slight 
detonation when somewhat strongly heated, and leaves a residue of eharcoal. Dissolves 
pretty easily in water, sparmgly in alcohol. (Girard.) 

Piorate of Banum, — On decomposing a hot solution of pia'amato of 

ammonium witli nitrate of barium, this salt separates in small silky tufts of red and 
golden-yellow needles It bears a heat of 200° without decomposition, but detonates 
at a higher temperature, leaving a residue of eharcoal Dissolves sparingly in water and 
aloohoL Contains 27 9 per cent barjita. (Girard.) 

Pusramate of Silver, C®AgN*0‘, is obtamedby decomposing the ammonia-salt with 
nitrate of silver, in the form of a bride-red amorphous precipitate, which does not 
blacken by exposure to light, but decomposes, with blackening, at about 140°, leaving 
a residue wliioh melts at about 166°. On glowing coals, it burns without detonation. 
It is insoluble in cold water and in alcohol. Boding water decomposes it, leaving an 
insoluble residue. (Girard ) 

mtrochlorophenamlo or Amldonltroctaloropbenlo Acid, C''H‘N’G10‘ = 
(0"H*)'’i 

- Cra»(]SrH«)(lIO*)01O. (Grless, Ann Ch. Pharm. oix. 286.)— When 

dinitrooldorophenic acid or its aninioninm-8alt(p. 400) is digested at a gentle heat with 
sulphide of ammonium, tho liquid assumes a blood-red colour and deposits sulphur , 
and on adding acetie acid to the concentrated filtrate, nitrochlorophenamio acid is pre- 
cipitated and may be purified by erystnllisatiou from hot water. The crystals dned at 
the ordinary temperature contain 2C‘H‘N'‘010®.H®0, but become anhydrous at 100°, 
asaimung at the same tune a scarlet colour, G?he acid has a sweetish taste with bitter 
aftertaste.' When heated it turns red, melts at about 160°, aoUdifymg again at 140° 
to a brown crystaUuie mass, and sublimss with partial decomposition It dissolves 
but sparingly even in hot water , the hot saturated solution sobdifles on cooling to a 
network of brass-yellow capillary needles. It dissolves easily in alcohol and ether, also 
in sulphurk and hydrochloric acids at ordinary temperatures. Warm concentrated 
mtriaacid decomposes it. Nitrous acid reduces it to diazonitroehlorophenol 
(p. 408). 

The nitrochlorophenamates of the alkali-metals and alkaline earth-metala are 
insoluble. The salts are mostly yellow or brown-red, and detonate when heated. The 
ammonuim-salt, C“H-'(NH^)N’C10’ crystallises from the solution of the acid in aqueous 
ammonia in yeUowish-red c^stals ; its blood-red aqueous solution gives off ammonia 
when evaporated , so likewise does the solid salt when left over oil of vitriol in rare- 
fied air. The banum-salt forms hrown-red crystals easily soluble in water. The lead- 
salt, 0“H*Pb"N‘‘Cl’0*, is obtained by adding neutral lead-neotate to the solution of the 
ammonium-salt, as a brown-red precipitate. The ammonium-salt gives a yellowish- 
green precipitate with cupnc sulphate, yellow with mercuna ohlonde, brown-red with 
mtrate of silver. 

2. Sy Hydmodic Amd and Stannom (Monde. 

Pierio acid treated with either of these reagents, yields a salt of pieramine( 5 '. v .) ; 
see also p. 403. 
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3 Sy Cyanide of Potassium. 

Picric acid toeatod irith tliia reagent ia converted into isopurpnrie or piero- 
cyanrio acid, already described (m. 433) 

Mciayurpuno acid C“H"N''0' — Thia acid, related to dinitropheiiio acid in tlie 
same manner us isopnrpiiric to picric acid, is obtained os a potasamm-salt, whenan 
aqueous or alcoholic eolution of dinitroplienic acid, is added by drops to a solution of 
cjanide of pot.issium heated to G0°. A dark coloured crystallino powder is then pre- 
cipitated, which may be purified by 'washing with a little cold water, reerystallising 
from hot water, pressing, and drying over oil of vitriol. Mrtapurpiiraie of potassium 
thus obtained is a dark red substimoe, exhibiting metallic lustre, and dissolving with 
deep crimson colour in water and in aleoliol. The Bolutions have the odour of cyanic 
acid. The analysis of the salt leads to the formula C®H‘KN*0' H-'O. It becomes an- 
hydrous when heated. The solntion gives dark brown precipitates with the chlorides 
of biu'ium and strontium, and with most metallic solutions. The silver-salt is red, ■with 
green metallic Iiistro The acid itself has not been isolated (Pfanndlsr and 
Oppenheim, Bull Soc. Chim, [2] iv, 99 ) 

4 Sy Mtrous Aaid. DiAzoNimiopitEifoLS, 

a. siazonltropbenol. CHWO” ■= 0‘H*N*(NO^)O. (G-r less, Ann. Ch. Fhotm. 
cxui. 201.) — Produced hy pasang nitrous aeid vapour into an ethereal solution of 
nitrophenamic gold (p 406)' 

+ HNO> = C'H'N'O’ + 2H’0, 

It then separates as a hrownish-yeUow grannltir mass, and is obtained in the same 
form, recrystalhsed from alcohol. It jrields a light vellow powder turning red on ex- 
posure to light ; explodes with great violence when heated to 100°. It dissolves easily 
in alcohol, slowly and with partial decomposition in hot water, a red amoiphous pow- 
der then sepniuting, and the filtrate on cooling depositing diazonitrophanol in small 
yellow prisms It dissolves without decomposition m cold hydrocUono and sulphurio 
acids When boiled with fiminy nttric acid, it forms a compound which separates in 
yellow flocks on addition of water. On adding carbonate of potassium to the alooheUo 
solution of diasonitrophenol and applying a gentle heat nitrogen is evolved, and the 
residue left on evaporating the alcohol yields with acids a bro-wn-red amorphous pre- 
cipitate -which might bo expected to exhibit the composition of nitropheuio acid, 
C“S’SO’ (see the corresponding decomposition of diazodinitrophenol, infi a), but is in 
reality difeent both 6om that compound and 6oni its ispmer, isonitrophenic acid 
(pp. 394, 395). 

Dtazoainltropbenol. = C“H*NXNO*)’0. IGness. loc. oii,)— Pro- 

duced by passing nitrous acid gas into an alcoholic solution or pioramio acid : 

C«n*N»0» + HNO» - C«HWO= 4- 2H*0. 

If however the picramic acid used is impure, or if it be added to alcohol previously 
saturated -with nitrous acid and slightly warmed, nothing bnt dmitrophenio acid 
is obtained. 

Diazodinitroplienol crystaUises in brass-yellnw or golden-yellow laminiE, sparingly 
soluble in water, alcohol, and ether, ia neutral to vegetable colours , has a bitter taste , 
and detonates violently when heated It is dissolved mthont decomposition by 
mineral acids, but is decomposed ■when heated -with fiminy sulpihunc acid ; dry chlorine 
does not act upon it. When boiled for some time with water, it is decomposed, -with 
formation of a resmons body, and a red-brown pulveralent substance soluble in alcohol, 
ether and alkalis, but not orystallisahle On adding carbonate of potassium to the al- 
coholic solution of diazodinitrophenol, nitrogen is evolved and dinltrophenic acid is 
produced, the colour of the hquid changing foom yellow to red • 

O“H-N<0° + ffO = C»H'(KO*)'0 + N' + 0. 

The oxygen set ftee, according to this equation, ia probably consumed in oxidising the 
alcohol. 

Blazonltroomoropbenol. C“H“N“C10‘ ~ G"HW(NO*)C10 fGriess, foe. «;!.) 
This compound is formed when a rapid stream of nitrous acid gas is passed through a 
slightly warmed solution of nitrochlorophenamie aeid, or when the latter is added to 
alcohol previously saturated with nitrous acid. By recrystallisation from alcohfil, it is 
obtained in large brown-red prismatic crystals It is sparingly soluble in alcohol, 
ether and hot waUr, crystallises from hot water in greenish gold-yellow lammiB, from 
ether in furcate gronps of needles It dissolves in sulphuric aeid, and separates from 
the solution oftsr adifitioa of water, in long thread-like crystals, and is soluble -without 
decomposition in acids in general. It yields a yellow powder turning ted on exposure 
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to light ; detonates violently above 100° ; and when mixed in alcobolie solution witli 
n1lfnhq, gives off nitrogen and yields nitroehloroplienic acid 

Appendix to Fhmol-denvatiim. 

Trl-Iodophenlo add. C®H“I“0. — Obtained by treating phenol with a con- 
siderable quantity of protoohlonde of iodine. On dissolving the product in noda and 
acidulating with sulphuric acid, a precipitate is obtained consisting of mono-, di-, and 
tri-iodophenic acids, from which the two former may he extracted by boiling alcohol of 
60 per cent. The residue dissolves slowly in strong alcohol at the boiling heat, and 
the solution when evaporated deposits ta-iodopheme acid m radiate groups of yellow 
crystals. It is easily soluble in ether, and decomposes when heated, with copious 
disengagement of iodine. Treated with excess of protochloride of iodine, it yields 
pentaohlorophenio acid 39S), which may be suhhmcd in splendid white 
needles (Sohutzenberger, Bull. Soe. Chira. [2] iv. 102.) 

FHEnTOK'BIiTrB, Also called Asnhn A blue dye obtained by heating pteonin 
(p 32i) with unihne. (See Hofmann’s Mcport on Chemical Productive, in the 
Exhibition of 136) 

FRISIT03CA.CETX0 A.CIS. Syn.with PHEim.ai.TCOixiG Aoid. (See Givoon- 
wo Bthmis, 11. 918.) 

FBElfYli. C“H*, In the free state — ^The radicle of phenol or phenyho 

alcohol : known also in the form of chlonde, bromide, acetate, &c It is obtained in 
the free state • 1, By the action of snlphunc acid on a colourless oil (probably phenylie 
oxide (C'II*)*0, p. 418), resulting, among other products, from the dry distillation of 
cupno benzoate (List and Limpriont, Ann. Ch. Pharm. xc. 209) — 2 By the 
action of sodium on phenyho bromide or bromobenzeue (Pittig, ihd. oxxi 361, 
oxxxu, 201), or of sodium-amalgam on phenyho chloride (Church, Chem Sec, J.ivi. 
76). Pittig prepares it as follows. — ^A mixture of benzene and bromine in equivalentpro- 
portions is exposed in a retort to diffused daylight for eight to fourteen days or as long 
as white fumes of hydrohromio acid continue to appear , the contents of the retort uro 
then distilled into a receiver, the distillate is shaken with soda-ley till it becomes 
colourless ; the watery liquid is removed , and the oil carefully dried with chloride of 
calcium and rectified, colleetmg apart the portion which passes over below 1 60°. This 
distillate, consisting of benzene and monobromoheuzene or phenyho bromide, la mixed 
in a retort with an excess of sodium cut into thin slices, the letoit is left to stand fur 
24 hours in cold water ; and the product distiUed off. The distillate is easily resolved 
by one rectification into benzene and pure phenyl, which immediately sohdifles It is 
important that the mixture of benzene and phenylie bromide he completely dehydrated 
before treating it with sodium, otherwise the hydrogen evolved ftom the water will 
unite with the nascent phenyl and convert a portion of it into benzene. A mixtui'o 
of pure phenyho bromide with an equal volume of anhydioua ether may also be used 
instead of the mixture of phenylie bromide and benzene, but it is less advantageous 

3. Phenyl is also produced, together with benzene and other products, by the action 
of alcohoho potash on nitrate of azophenylamine (p. 432) : 

2^'!!“ + CiH«0 = 0«H'« + C»H''0 + N*. 

Azophonyl- Alcohol Phenyl. Aldehyde. 

On heating the mixture in a retort, benzene passes over with the alcohol and after- 
wards the phenyl, which condenses in the receiver as a crystalline mass, and may be 
purified by repeated ciystnUisation from alcohol. (Griess, Phil. Trans 1864 [8] 
692 ) 

4 Together with other products, by heating sulphate of diazobenzidine (p. 412) 
with alcohol (Griess.) 

Phenyl crystalhses from alcohol in iridescent, nacreous scales which melt ot 69° and 
sublime at a higher temperature (List and Limpricht) , in ahining lamin® melting 
at 70 6° (Pittig), 70° (Griess), and boiling between 239° and 240° (Fittig). It 
gives by analysis 93 76 per cent, carbon and 6 26 hydrogen (List and Limpricht) ; 
93’24 carbon and 6 65 hydrogen (Pittig), the formidaO'-H'" reqnmng93-6I carbon and 
64 9 hydrogen * 

It IS converted by bromine, with evolution of hydrohromio acid, into bromophenyl, 
C'’H*Br'‘, and by fuming nitric acid into nitrophenyl, C"'E*(NO')'* 

The formation of these compounds shows that the formula of phenyl in the free state 
IS not C“H‘, but , for if it were G“H*, that of bromophenyl would he C®II‘Br, and 

well^uVthof'SdfjSs a"rtlmt°o/phtnyl,*c”4l'",?^^^^ ^r Muu'chaiidfr66'*H? ™*' 
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that of nitroplienyl, C“ir^(NO'‘); but these foimrise are inadmisBible, because the sum of 
tlie hydrogen- and bromine-atoms in tlie one ease and of the hydrogen- and nitrogen- 
atoms in the other is niieveii In this respect then^^enjrl m the free state agrees with th e 
other so-called aleobol-radielos, methyl, ethyl, &a Pittig however regards the compound 
obtained as above, as bearing only a distant relationsinp to the radicle of tho 
phenyl-eomponnds, and accordingly designates it by a different name, viz. diphenyl, 
on the ground that the corapounda formed from it by the action of bromine and nitric 
acid do not belong to the same series as pheni lie alcohol and its derivatives. In this 
respect liowever phenyl does not differ essentially from methyl, ethyl, and their homo- 
logues, inasmuch as none of these bodies are found to yield, by combination or substitu- 
tion, compounds belonging to the same senes as the ideohol from which they are 
supposed to ha derived; methyl, G-H“, for examplo, when treated with chlorine yields, 
not methylic chloride, OH'Cl, but ethylic chlonda, C®“C1, and monochlorinated ethy- 
lic chlonda, G=H^G1*, a compound related to methyl, CH", exactly in the same manner 
as dibromophenyl, is related to phenyl, G'*!!'®. If, as Sehorlemmer’s ex- 

periments seem to show, all the so-called alcohol-radicles in the free state arc really 
hydrides, tbs so-called phenyl or diphenyl must he regarded as the hydride of the 
radicle G'-'H" 

Bromopbenyl. G’“H?Br’. Dihrottwdipkenyl. (Fittig, Ann. Oh, Pharm. exxxii. 
204.) — This compound is produced — 1. By saturating phenyl with excess of bromine 
under water till it forms a doughy muss, removing the excess of bromine by washing 
with soda-ley and crystallising the now solid product from hoilmg benzene (TTittig) 
— 2. By heating perbromide of diazobenzidine (p 412) with carbonate of sodium, or 
boding it with wcohol (Griess) . 

C'»H"N*.H''Br’Br< = C'=H«Br’ -t- N* Br*. 

It forms conceiitrio groups of rather large colourless prisms having a splendid lustre 
and strong refracting power, uisoluble in viater and in cold alcohol, sparingly soluble in 
boding alcohol, easily in heneone It melts at 164® to a colourless hqmd which maybe 
cooled below 160® without solidifying , at a higher temperature it distils without de- 
composition. It is not attacked by alcohohe potash or potassio acetate, even after pro- 
longed boding, and therefore does not exhibit the chaiactors of bromide of ohrysene, 
0'*H“Bt'; neither can this hydrocarbon be separated from it by tho action of sodium. 

Ohloropbenyl. 0'*H*G1’. DicUorodiphenyl — ^Produced by heating the chloio- 
platinate of diazobenzidine (p. 412) in a retort, with 4 to 6 times its weight of sodio 
e.irbonate. A copious evolution of gas then takes phioe, and ehlorophenyl distils over 
as an oily body which solidifies to a white mass in the neck of the retort, and may be 
puiifled by recrystaUisation from boding alcohol • 

C»H«N‘H»Cl*PtCl« - -h OB + Pt + N*. 

It crystallises in white, usnally well-developed pnsms, insoluble in water, sparingly 
soluble in alcohol even at the boding heat, but readily aoluble m ethei . It melts at 
148° to a yellowish oil, which can be distdled without decomposition. (G-ri e s s, Phil. 
Trans. 1864, Pt.ui.p. 730.) 

NitropUenyl, Ihnttrodiphcnyl. (Pittig, Ann. Oh. Pharm oxxiv. 

275 ) — K solution of phenyl in fuming mtrio acid solidifies to a mass of needle-shuped 
crystals coubisting chiefly of this compound. It la purified by filtering the liquid 
througli gun-cotton, washing the remaining crystalline mass ivith water, boding it with 
small quantities of alcohol, as long os the liquid is coloured yellow thereby, and 
crsytaUismg the white mass five or six times from alcohol, taking care that a small 
portion remains each time undissolved. When thus purified it crystallises in long 
colourless needles, which melt at 213° and decompose, with separation of charcoal, at 
a stronger heat. It is quite insoluble in water, and very sparingly aoluble in alcohol 
By covering it with alcohol and sulphide of ammonium, and passing sulphydrie acid 
gas through the liquid tdl the whole of the nitrophenyl is dissolved, it is converted 
into amxdonitrophenyl _G'“H>(1OT')(N0®)_. and amidophanyl 0'»H»(NH*)“, 
which is identical with Zinin’s benzidine (i. 644), the former or the latter pre- 
dominating according as the decompoaitwn t^es place in a cold or a hot solution. 
These two buses are easily separated from one another, as the latter only is soluble 
in hot water, alcohol or hydroohlono amd, ond is almost whoEy precipitated from these 
solutions by sulphuric acid * 

Isonitrophenyl, C'’II”(NO’)®. — ^This compound, formed, simultaneously with the 
nitrophenyl above desenbed, by the action of faming nitric acid on phenyl, remains in 
the mother-liquor after the latter has cr.YStalUaed out. On mixing the acid filtrate with 
water, a soft yeHowish-white mass separates, which by repeated crystaEisation from 
alcohol, may ho resolved into liquid nitrobenzene and crystaEmo isodinitrophenjl. 
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The latter ia insoluble in water, easily soluble in hot alcohol. It is distinguisbed from 
uitroplieuyl by molting at a much lower tomperature, riz. at 93'6° and by forming 
with reducing agents two bases differing m properties from tho two just described, 
though agi'eeing with them in oompoaition. , (Fittig, loc, cat ) 

BromonltropMenyl. C'’H*Br’(NO*)*. Stbmnodtnitrodiphmyl. (Eittig, Ann. 

Ch Phiirm cxxxii, 208 ) — Bromophenyl, gently heated with foming nitric acid, dis- 
solves witli somewhat strong reaction, and after afew minutes the whole sohdifies to apulp 
of lino needle-shaped eiystala of this compound, which, after washing with water, maybe 
cry atullisod from hot benzene. It is perfectly insoluble in water, very sparingly soluble 
in alcohol even at the boiliDg heat, more eaeily in hot benzene, whence it erystalhses in 
splendid slightly yellow capillary needles, often an inch long. It is very much like 
dmitrophenyl m external appearance, and cannot be volatilised without decomposition. 

Baecs produced by reduction of the preoeding Nitro-oompounda. 

Amldopbenyl, => 0‘“BP(NH*)’ or Benzidine, |n*. — T his 

compound is obtained by evaporating the solution of nitrophenyl after prolonged treat- 
ment with Bulphydno acid, ns above described, dissolving the residue in dilute hydro- 
chloric acid, and precipitating with sulphuric acid Tho sulphate thus sepamtod is 
decomposed by boihng with ammonia, and the free base is pnrificd by re-solution in 
hot water, precipitation with sulphuno acid and separation by ammonia, and ftnally, 
veoryst.dlised from hot water. It crystallises in colourless shining scales which melt 
at 118° (not at 108° as generally stated).* (Eittig, Ann. Ch. Pharm. exsiv. 275.) 

AtiiidoiHtrophenyl,0'«H>«N‘0» = C'«H»(NH“)(NO») is ob- 

tained by evaporatiug the above-mentioned solution of nitrophenyl after treatment 
with sulphydric acid, and boiling tho residue with water till the resulting solution 
no longer gives a precipitate (of henzidine) with sulphuric acid. The residual ami- 
donitrophenyl is dissolved in moderately dilute hydrochloric acid, tho liquid is filtered 
to separate sulphur, then precipitated by ammoma, and the bulky red flocks thus 
obtained are washed with water and dissolved in hot alcohol. On adding hot water 
10 the alooholio solution till it begins to show turbidity, amidomtrophenyl separates as 
a crystalline powder, which is purified by several repetihons of this treatment, and 
finaUy reerystaUised from hot alcohol. It forms small, bnght-red, needle-shaped 
crystals, melts at about 160°, volatilises with partial decomposition at a higher tem- 
perature, dissolves sparingly in water, but easily and with red colour ni boiling 
alcohol. Its solution in hot strong kydrochlonc acid is nearly colourless, but turns 
red on cooling and deposits the free base again when evaporated. The platinum- 
salt, 0"'H‘“N®0'.H’Cl*Pt‘’'Cl‘, is a floccnlent, very easily decomposible precipitate. 
(Fittig, loc. cii.) 

Bromamldoptaenyl or Bromobenzldlne, 0’®H'"Br*lP. — ^This base cannot bo 
prepared by reducing mtrobromophenyl with sulphide of ammonium, this reaction 
yielding nothing but brown resinous products insoluble in hydrochloric acid. But 
when the nitro-oompound is heated with bn and strong hydrochloric acid, it dissolves 
after some tune, and on diluting the solution with water, and flltenng, the filtrate de- 
posits, after a while, hard nodular groups of ciystals consisting of a compound of hydro- 
chlorate of bromobenzidine with stannous chlonde , and this when boiled with dilute 
aqueous ammonia yields bromobenzidine as a faintly yellow oil, which solidifies to a 
glutinous moss on coohng, and may he separated from etonnous oxide by solution in 
alcoliol, whence it separates in hemispherical groups of small hard crystals, very much 
like sugar-candy, but always having a yellow or brown colour arising from partial 
oxidation taking place in the alcoholic soliitaon. It is luaoluhle in water, melts at 88° 
anddecorapoaea at higher temperatures, with evolution of hydrobromic acid and Bcpara- 
bon of much charcoal It is a much weaker base than benzidine. 

Ili/di ocUorate of bi oinobenzidine is obtained in small colourless prisms on dissolving 
tho base in dilute hydrochloric acid and mixing the solution with strong hydrochloric 
acid. It is partially decomposed by solntloninwator, and appears also tolose a portion of 
ita acid on more exposure to the air Ammonia added to the solution throws down 
bromobeuzidme as a pure white amorphons precipitate The cUoroplatinaU is a brown 
amorphous precipitate which cannot be punfied by reaystalbsation The sulphate is 
soluble in water, dilute sulphuric acid does not form any precipitate in a solution of 
the hydroohlorate. (Bit tig, Ann Oh Pharm. cxxxu. 207.) 
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A body isoniorie wiHi bromobenzidine tprobably bromide of azobenzene), is obtained 
by the direct action of bromine on azobenzene, This product is sparingly 

soluble ui alcohol and other , crystolhses from, dcohol in needles haring a faint yellow 
colour and golden bistro , melts at about 205°, and sublimes in needles. 'When heated 
with nitric acid of spoeitlc gravity 1'42, it dissolves completely, and tlio soliition on 
cooling deposits the compound G'-H”(NO®)N-Bi'® in straw-yellow needles, winch arc 
very soluble in alcohol, and melt at iibont 159° to a liquid which soon boils and decom- 
poses at a higher temperature. (A. Werigo, Ann. Ch. Pharm. oxxsv. 178.) 

Blazobenzldine, C‘=H“N* •= ^ Tctrasodipltenyl. (Griess, Phi! 

Tiiins 1861, Pt 111 p. 719) — A base obtained as a nitrate by the action of nitrous 
acid on nitrate of benzidine; 

+ 2NHO« = C«n»N< + iH“0. 

When nitrons acid vapour is passed through an alcoholic solution of nitrate of ben- 
zidine, a brown amorphous body separates m considerable quantity (from an aqueous 
Eoliitioa only traces are deposited) ; and on mixing the filtrate with twice its volume of 
strong alcohol and adding ether, nitrate of diazobenzidine is precipitated in minute 
crystals, which may be purified by dissolving them in a very small quantity of water, 
and reprccipitating with alcohol and ether. 

Nitrate of Niazobensidine, C'*H“N*.2NH:0*, crystallises in white or slightly 
yellow needles, easily soluble m viator, less soluble m alaa/io!, insoluble in ether. When 
heated they explode with violence The aqueous solution left in a cold place gindiuilli 
undergoes spont.ineoiis doeoinposition, luni on lioiiting it, nitrogen is eiolvod, and 
diphonyl-aloohol (or rather lenylenic alcohol) O'^IP'O* = |o®, 

is deposited in white crystals, together with a brown amorphous substance : 

C'''‘H«Nb2NHO» + 2H-0 = + 2NH0» -e Nh 

(See Xeitoiknio Aicohois ) 

Nerbroimde of Diaeobemidtne, 0'2H'’N'‘.2HBr.Br‘, is precipitated on adding 
bromine-water to an aqueous solution of the nitrate, in round reddish crystals, which 
must be washed on a filter with water, and quickly dnod over oil of vitnol and quick- 
lime It IS very unstable, gradually giving off bromine even at ordinary temperatures. 
It is also decomposed, witli evolution of gas, by solution lu alcohol Heated with oar- 
bonateofsodmm,jtgi\'oa off bromine and nitrogen, and leaves bromophenyl (p 410): 

‘ C'HW 2HBr.Br‘ = C‘«H»Br* + Bv< -I- H*. 

By aqueous ammonia it is converted into bromide of ammonium and tetrazodi- 
phenylijuide; 

0'«H«H<.2HBr.Br» + 8NH» = + 6HE%. 

PerbromWe TetrazniHphenyl. 

imide 

The tetrazodiphenylimide is deposited in crystals, and by repeated crystallisation 
tom strong alcohol may bo obtained in small, very briUionfi white or yellowish plates, 
^soluble in wuter, very sparingly soluhle in cold, easily in boihng alcohol, moderately 
in etlier It melts at 127° to a yellow oil, which is decomposed with slight explosion 
at I higher temperature. It is neutral to tpst-p.iper, does not combine lyith acids or 
alkiilis, IS not altered by boiling with strong liydvochlorio acid, or ivith aqueous or 
alcoholic potash, hut is decomposed by nitric or by strong aulphurio acid, 

JPlafinochloriile of Ntaaobensidinc, C>-H'N''.2HC1 Py’Cl-*, is precipitated 
by platinio ehlondo from a solnfcion of the niteto or sulphate, in hght yellow, very 
email narrow plates, or from very dilute solutions in small elongated, weU-formed hex- 
agonal plates. It IS almost insoluble in water, alcahtil and ether, Exposuie to hght 
during drying causes the crystals to turn brown. Heated with carbonate ofsodimi it 
gives off nitrogen mid chlorine, together with chloropheiiyl (p 410) which passes 
over as an oil, and sohdifics as a white mass in the neck of the letort : 

C”H"Nh2HCl.PtCP = C'»H»CP -i- Pt -r OP h- N‘ 

Sulphate of Diazobemidine, 0'®H«N< .8SH=Oh— On mixing a concentrated 
aqueous solution of the nitrate with cold sulphniio acid, previously diluted wiUi its 
own bulk of water, and then adding strong alcohol, this salt separates either as a 
white crystalline powder, or in white needles; if alcohol does not precipitate it com- 
pletely, ether must he added. It is very soluhle in water, and explodes when heated. 


regarded as I 
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Heated with aleoUl, it is violently decomposed, giving off nitrogen, anlphnrio acid and 
oidehyde, and yielding white crystids of phenyl (p. 410) • 

2(C'"H“N^3SH»0^) + 4C“H»0 = 2C'’H'“ + iCPH’O + + 6SH’0«. 

BulplmtoiifDInzo- Alcohol. Phettyl. Aldehjde. 

On heating a aolution of the enlphate in a email quantity of oil of vitriol, a violent 
evolution ofnitrogeu takes place, and a brown liquid iafoim^ containing a trisnlpho- 
and a tetrasulpho-acid . 

+ 3SH=0^ = C'»H»3SH®0* + H' 

0'-H«N* + 4SH»0^ - CWH'-dSHW + W. 

On hoUing the hroivn liquid with thirty timea its volume of water, saturating with 
carbonate of barium, evaporating the filtrate to dryness over the water-bath, and ex- 
hausting the residue several times with water, the hnauum-salt of the trisulpho-acid 
dissolves while that of the tetrasulpho-aeid remains behind. (See Solphubio Ethbks ) 

Blazobenzldlne-Anlline or Slazodlpbenylene'dlpUenyl-tetramliie, 


(C’H’N") 

CHHaN" =. C'H'N' 20“H’N = (O"”" 




Teirazodtfhenyl-amiiobemol. 


— This compound eeparatea on adding aniline to aqueous nitrate of diazobenzidine, 
as a yellow orystallme mats, which may he pnrified by repeated washing with alcohol: 

0'=HW2NH0> + 4C»H'N =. + 2(C»H’N NHO>). 

It is insoluble in water, and very sparingly soluble even in boiling alcohol and 
ether, from which however it separates in lance-shaped crystals, generally united m 
stellate groups It explodes when heated, and decomposes, with evolution of nitrogen, 
when boiled with mineral acids. (Griess ) ‘ 

BRomiBE or. CH'Br. See MoNODEOuoBBjramra, nnder Psbjtix, 
Htdbidb OB (p 414) 

PHBITirli, CKIiORXDB OF. C°H'CL See Mokocbxohobbnzenb, under Pebbtl, 
Hydbide ub (p 414). 

PHENVI., CVAKIDB OP. CW.CH, or Semomtrile, C’H*N —Already de- 
scribed under the latter name (i 663) — Mendins has shown (Ann Ch Phami. 
exxi 129 , Jahresb. 1862, p. 321), that when treated with hydroehlorio acid and granu- 
lated zinc. It IS converted, by the action of the nascent hydi-ogen thereby evolved, into 
a base isomeno with benzylamine (toluidme), methyluniline, and lutidme, but 

differing in its properties from all three This base is an ou lighter than water, having 
an aromatic not uuplea.sant odour, boiling between 182'6° and 187'6®, soluble in water, 
niifloible in all proportions with alcohol and ether. The aqueous solution becomes 
turbid at the heat of the hand, from separation of a portion of the dissolved oil It is 
not coloured by Monde nfUme, when evaporated with nitno acid, it emits the odour 
of bitter almoud oil "When exposed to the atr it is quickly converted into small shin- 
ing needles of the carbonate. It forms thick white fumes with hydroohloue acid. The 
h/droMoi'ate, O’H'N.HCl, is infusible, sublimable, easily soluble in water and alcohol, 
insoluble in ether, and crystallises in rather large square plates. The MmoanraU crys- 
tallises in long yellow needles, the ohloromercurate fiom alcohol in radiate groups of 
needles ; the chloroylatinate, 20’H'“HCl.Pt'’Cl'', in veiy thin plates. 

PHEWyi, HYDRATE OF. See PiBENOI, (p. 289). 

PBEHYD, HYDRIDE OF. 0“H*H — Syn. with BmreEMi. under which name 
it has been already described, together with several of if® derivatives (i. 641). We 
have here to notice several new derivatives of benzene, and some additional observations 
ou those already desenbed. 

Aeo- and Amdo-hensenea. 


Aniline or monophenylamine, is regaided by Griesa as amidobenzene 

C‘H"(NH-), and by the action of nitrous acid on anihne and its salts, compounds are 
formed containing the bases and The former is regarded by Gries s 

as dlazohenzene. that is. as formed from benzene, C“H*, by the suhsUtution of 2 atoms 
of nitrogen for 2 at. hydrogen , the latter as a compound of diozobenzeiio with amido- 
henzene (amline) = OWN- C‘H*^H*) The compound may however also 

be regarded as azophenylamine ^ ^ | N®, that as monophenylamine having 

3 at hydrogen replaced by 1 at nitrogen; and the compound in hke manner 

(C»H»)>) 

as azodiphenyl-diamine H"' Viewed in this light they will he described. 


together with their bromo-, cbloro-, and nitro-derivalives, under PaEHTiAin.vES. 
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Sromobeneenes. 

Monobromotieuzenet C“H“Br. — Tliis compound, obtained by the action of bro' 
mnio on benzone (i. 642), appears to be identical with bromide of phenyl produced by 
the action of bromido of phosphorus on plienoL Pittig’ s mode of preparing it from 
benTOnebaa boon ah-eady given under Pnsiret, (p. 409). To separate it&omnn- 
alterod bonzone, the nuxturo of the two, obtained as above, is rectified, and the portion 
■which distils between 152“ and 154° is collected apart. Eicho (Ann. Oh. Pharm. 
exxi S67), by distilling 120 pts. of phenol with 90 pts. bromide of phosphorus, ob- 
tained an oily distillate having a sweetish taste like that of chlorobenzene, boding 
between 168° and 166° and containing somewhat less carbon than that required by 
tho formula O’S‘01, but it wan evidently impure 

Monobromobenzene or bromide of phenyl is not attacked by cansti^otash, oyanide 
of potassium or acetate of silver , ■with sodium it yields phenyl, C'^lf accormng to 
Fittig, benzene according to Biclie ; but the production of benzene probably arose 
from the presence of moisture (p. 409). 

Slbromohenzenei C'H'Br”, is obtained, mixed however with ti’ibromobenzene, 
by the action of bromine in excess on benzene (Oouper, i. 648). Apurer product is 
obtained by heating the bromopktinate or the perbromide of azobromopbenylammonium 
(see PKENixAitmas, p. 437), either alone, or hotter with carbonate of sodium : 

2(C>H*BrN^2HBr).I>tBr* » 2C»HW + Pt + N< + Br*. 

Btomoplatlnnte. Dibromo- 

C«H<BrN«Br» «= WHW + N» 4 BA 

Perbromide. Blbiomo- 

A Still better m.ethod is to decompose the perbromide ■with alcohol ; the decom- 
position is complete after a few minutes’ boiling, and if too much alcohol has not been 
used, a large portion of the dibromohenzene separates at once m crystals , the remainder 
13 precipitated on addition of ■water as thick oil, ■which soon solidifies to a crystalline 
njass. Alter washing with a little alcohol and pressure between bibulons paper, this 
mass, together ■with the crystals first precipitated, is subjected to distillation j dvbroruo- 
beniaeno then distils over as a colourless oil, which spesdily solidifies. 

Dibromohenzene crystallises from ether in rectangular prisms or small plates (Griess), 
oblique prisms (Oouper), melts at 89° (Oouper, Griess), and boils at 219° 
(Oouper). It has an aromatic odour. (Griess) 

Trlbromobenzene, C*H*BA has been already described (i 643). 

Tetrabr omob enzeue. 0*H‘Bi‘, has recently been obtained byRioheandBdrard 
(Ann. Ch. Pharm cxxxiii. 61) as follows •—Dibromohenzene is prepared by exposing 
benzene to the action of hromine in a long-necked flask, so that no bromine may be 
lost, and the resulting crystalline mass is heated -with exoees of biomine to 160° in 
sealed tubes tiE the tubes become filled ■with small crystals. These, which consist of 
tettabromobenzene, are separated, by roervstallisation fi'om alcohol in which they arc 
but slightly soluble, from undecomposed dibromobeuzene •which dissolves easily in 
that liquid. Tetrabromohenzene forma beautiful, siBy, very white ciyatals, soUmfles 
from fusion at about 160°, and volatilises in flocks. 

The bromobeuzenes are attadeed by fuming nitric acid, yielding the oovresponding 
nitrobromobenzenes (p. 405). 

Cklorobemencs. 

Monootalorobenzene. C“H“C1 — ^This compound, produced by tho action of 
chlorine or chlonde of iodine on benzene (Hugo Muller, Ohem. Soc. J, xv. 41; 
.Pittig, Ann OkPhaim. cxxxiii. 49), appears to be identical with chloride of phenyl, 
obtamed by the action of pentacMonde of phosphorus on phenol. (Laurent and 
Gerhardt, Ann Oh. Pharm btxv. 79; 'Williamson and Scrugham, Ohem. Soc 
Qu J. vii 238; Eiche, Ann. Oh. Pharm, oxxi, 367.) 

Freparatim. 1, Prom E^jaeejic.— tBcnzeno absorbs a small quantity of chlorine, and 
if it be exposed to hght or heated to the boiling point, hydrochloric acid is slowly evolved, 
end two series of products are obtained, viz. chlorides of benzene CffGl’*, C^H'OP, 
C'H^CP, and chlorobenzenes 0“H*C1, CWCP, CH'Cl’, the former being produced in 
larger quantities than the latter. But when chlorine is passed into benzene contain- 
ing iodine in solution, a much more copious evolution of hydrogen takes plaqe, and 
chlorobenzene, CtH'Cl, is produced in mnch larger quantity, together with the other 
two substitution-products just mentioned; if tho chlorine is in excess, a heautifully 
crystalhsed compound is likewise formed. (Hugo Muller.) 

2. Prom Fbenol — When 2 at, pontachloride of phosphorus are added by small por- 
tions to 6 at phenol, a violent action takes place at first, great heat being produced 
and hydrochloric acid evolved, but this action soon ceases and it becomes necessary to 
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heat the niixtura. If it he tnen distilled upwards till it haa nearly ceased to give off 
hydrocldoric acid, and the distillate subsequently collected, about | of tlxe whole distils 
over below 2‘10°, and the temperature then rapidly rises above the range of the luer- 
ciinal thermometer. The distillate collected below 240° is a Umpid colourless hquid, 
which when washed with hot water and subsequently with potash, yields a thick od 
which settles to the bottom of the vessel , and on submitting this oil to ftactional , 
distillation, collecting apart the portion which passes over at 136° to 138°, chloride of 
phenyl is obtained, nearly pare but in small quantity. The brown hquid which distils 
above the range of the thormomotor is phosphate of phenyl, and constitutes by far the 
largest portion of the product. When an excess of chloride of phosphorus is used in 
the preparation, the quantity of phenylie eliloride obtained appears to be still smaller 
than with the above proportions. 

CMorido of pbenyl (obtained by the second process) is a colourless mobde liquid, 
boiling at 13fl° (W. and S.), at 137° (Eiche). According to Laurent and Garhardt, 

It IS converted by water, and more quickly by aqueous potash, into phenol ; 

0'»H»C1 + B.‘0 » HGl + G»H;“0 , 

but according to Eiche (Ann. Oh. Pharm. cxxx. 266), it is not attacked by potash, 
not even whan heated with aleohoho potash in a sealed tnhe: hence he regards the 
compound ohtamed as above, not as chloride of phenyl, but as monochlorobenzene. 

Pure chlorobenzene prepared by Muller’s process is likewise, according to Pitting 
(Ann Oh. Pharm oxxxiii. 60), perfectly indifferent to the action of nlcoholic potash, 
not yielding a trace of phenol or of chloride of potassium, even when heated with it for 
several hours On the other hand, Church (Ohem Soc. J. xvi. 76), hy heating 
benzene with hydrochlorio acid and acid chromate of potassium, obtained a distillate 
containing, as chief product, the compound or 0'*H*C1,H01, which when heated 

with strong aleohoho potash yielded phenol; but as the chlorinated compound used in 
this experiment was tlie crude product of the action of nascent chlorine on benzene, 
which had not been submitted to any process of purifteation, it is by no means certain 
that the phenol thus obtained really resulted ftom the decomposition of phenylie 
chloride or chlorohenzene The same crude distillate washed with aqueous potash and 
rectified, yielded phenyho cWonde, which when distilled over sodium-amalgam left a 
residue oontaimng phenyl, 0'*H“ (p 409), together with a small quantity of a yellow 
eiystalhiie body, probably chrysene, while the distillate contained, together with 

unaltered benzene, a hydrocarbon boiling at 91°, and likewise having the composition 
C“H* (Church) 

Pure chlorohenzene is not attacked by acetate of silver, by an aleoholio solution of 
potassie acetate, or by ammonia. Heated with sodium it yields benzene (Eiche), 
probably arising from a trace of moisture (see page 409). 

Dichlorobenzene, C'ffCP, is obtained by heatmg the chloroplatmate of azo- 
chloiophenylamine, 2(C“H’ClH’.HCl).PtCl'‘, with carbonate of sodium, and orystaUises 
in long needles or dongated four-sided plates, having the same peouhar aromatio 
odour as dibromobenzene (Qriess, Phil Trans., 1864, [3], 706.) 

Trioblorobenzene, C^H'Ol", has been steady described (I 648). 

EyirocUorats. of trioUorobenzene, 0“H“01* = C*H*C1”.3H01, heated with acetate of 
sdver, yields compounds resembhng the glucosides in their power of reducing cupnc 
oxide hi alkiilina solution. (Eosenstiehl, Jahresb. 1862, p 481.) 

Chlorobromobenzene, C“H^ClBr, is obtaiued by heating the chloroplatmate of 
azobiomohenylmine with carbonate of sodium : 

2(0“H''BrN‘‘ HCl)PtCl‘ = fiC'H^CIBr + Pt + Cl* + H*. 

The crystals which condense in -the neck of the retort may he purified hy pressing 
them between filter-paper, distilling a second time, and recrystalhsing from alcohol. , 

Clilorobroraobenzene dissolves rather slowly in slcohol, hut easily in ether, and eiys- 
lalhses from a hot saturated alcoholic solution on cooling, or from die ethereal solution 
by evaporation, in white needles or plates havmg a peculiar odonr like that of benzene. 
(Grieas, Phil Trans 1864 , [3], 702 ) 

lodobemenes 

Monoloaobenzene or Iodide of Pbenyl. — Scrugham, by treating phenol with 
iodine and phosphorus, obtained a liquid whieb, after treatment with potash and rectifi- 
cation, boiled at 260 °, and was found to contain lodme This liquid was presumed to 
be iodide of pbenyl, but the quantity obtained was not siiffieient for a satisfactory 
investigation (Ohem. Soc. J. xiii. 244) Several other chemists have attempted 
the prepui’ation of phenyho iodide, with no better success. 

Bromlodobenzene, C“H*BrI, formed by boiling the perbromide of azoiodophcnyl- 
amiaonimu (parbromide of diazoiodobeuzcne) 0“H*IN’ Br“, with alcohol, crystallises 
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&vni et]le^ or alcohol ia lao^ge white plates which are volatile without decomposition. 

Nitrobenisenes. 

Mono> and Dl-nitrabenzene have been already described (i fi43 , iv. fiO). The 
former is converted by sodium-amalgam into azobenzene (i. 477) . 

2C'H“tNO») + H“ = C‘»H’W + iffO. 

Nitrobtnaenp, A2oboneoiic, 

part of the azobenzene, however, takes up 2 at hydrogen more, and is converted into 
benzidine (Werigo, Ann Ch. Pharm. cxxsv. 176.) 

nritrobromobenzenei C"H\NO“)Br, is produced by the action of fuming nitric 
acid on monobromobonzeno (Couper, tee i 643) 'When treated with reducing agents 
itj'ields bromaniline, C“H*BrN. A nitro-bromobenzeue b.iving exaetly the same 
composition and pioperties, is produced by beat<..g bronioplatinate of /3 azonitio- 
phenylamme (obtained from ;S mtranibne)*' with carbonate of sodium : 

2[C«H*(IfO')H»HBr]Pt‘’Br« =, 2C»H'‘(IfO’)Br + N* + Pt + Br<; 
or by heating the perbromide of j8 azonitrophenylammomimi with alcohol ; 

C«H'(NO»)N=Bi« =. C''H<(NO’)Br + + Br’. 

Itmelts at 126°t and crystallises in long white needles (0riess, PhiL Trans. 1864, 
[3], 712). An Isomeric compound distingiushed as o nitrobromobenzene is obtained in 
like manner from the perbromide of o azonitrophenylammonium, It crystallises in 
rhombic prisms which melt at 66° (G-riess). a and t3 nitrobromobenzene treated 
with sulphide of ammonium, yield respectively a and ^ bromauihne. (G-riess.) 

Kltrodlbromobenzeae, C‘II®(NO')Br*, is obtained by the action of fuming nitric 
acid on dibrouiobonzeue When heated with alcoholic sulphide of ammoniiun it yields 
dibromaniline. (Biclie and Bdrard, Ann. Oh. Pbarm. oxxxiu. 51 ) 

XTltrotetrabromobenzeiie, 0*H(NO’)Br'', is a ciystalline product obtained by 
the action of fuming nitric acid on tetrabromobenzene. (Biehe and Birard.) 

M'ltrooblorobeazene, C''H'(NO^)Cl, produced by boiling monoohlorobenzene with 
strong nitnc acid, crystallises in long needles, melts at 78° and solidifies at 74°. It 
dissolves spaimgly in lanttr, easily in hot alcohol and in cthci'. By sulfide of am- 
monnmiaxA other reducing agents it is converted into oUoraniline. (Riche, Ann. 
Ch, Pharm. ossi 357.) 

Slultrodlohlorobenzeoe, 0‘'H?(1I0*PC1, is formed by the action of penta- 
chloride of phospborue on dmitrophouic acid, perhaps thus 

C«H»gi07|Q ^ ^ C»H»(NO>)*a + PCPO + HCl. 

The resulting yellowish liquid, decanted on cooling from the excess of chloride of phos- 
phorus, solidifies in a few days to a crystalline mass which may be washed with cold 
and dissolved in hot aleohoL The aleohohe solution becomes milky on cooling, and 
deposits tbe compound as a yellow powder, which after a few days solidifies in needles. 
(Laurent and Gerhardt, Ann. Oh Pharm Ixxv. 70.) 

tCrlnltrocblorobenzene, Trlnltrophenyllo cblorlde, or Cbloroploryl, 
C‘'H®(NO'')“Cl. — ^Thie compound is obtained by the action of 1 at pentaohlonde of 
phosphorns on 1 at. picric acid : 

C"H»(N070 + POP ~ C»H’(ir0*)'‘01 + PCPO + HCl. 

Tlio two bo^es act violently on each other at fiiat, and copious fumes of hydrochloric 
acid are evolved As soon as this action ceases, and oi^eliloride of phosphorus begins 
to pass over, the retort must be removed from the fii'e, beeause the obloropicryl would 
bo decomposed by ftirther healing, and a resinous substance formed : hence the chloro- 
picryl cannot be completely pnnfled from oxychloride of phosphorus by distillation. 
It IS a yellow, Bobd body having an agreeable odour. Water decomposes it, forming 
hydrochlone and picric acids. It dissolves in alcohol and in ether. Carbonate of am- 
raoniuTB eonverta it into picramide (j ».). (Pisani, Ann Ch Pharm, xcii 826.) 

PHEIVVK, XOSIDE OV. See lonpBWZBNSi, p. 415. 

FBEiaryi., oxide op. (C«K?)'0— This compound appears to be formed by 
beatmg chloride of phenyl with phonate of sodium CWCl + C'E^NaO r= KaCl 
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+ (C‘H*)’0 ■ the formation of eWoridoofsodium was otserved, butno distillate was oli- 
Riined(Scrughara) List and Limprieht (Ann Ch Pliai:m.xo 209), by subjecting 
iiuneoate of copper to dry distiUataon, obtained, amongst other products, a colourless oil, 
boiling at 260“, and yielding by analysis 81'3o — 84-00 per cent, carbon and 5-09 
hydrogen, numbers ugreemg nearly with tlio composition ot plienylie oxide, which re- 
quires 84 70 per cent, carbon, 6-88 hydrogen, and 10 42 oxygon * This oil had an 
agreeable odour of goniniuma, was insoluble m water, sparingly soluble m alcohol, veiy 
soluble 111 ether It was not doeoniposod by alcoholic potash, but when hoated with 
strong sulphuric acid it yielded a wlute crystalline body having very nearly the com- 
position of phenyl, (p. 409). 

PHBWS'Ii, SlTIiPHISBS OF. Protosulpliide, (Stonhouao, 

Proc Eoy. Soo. xiv. 351.) — This compound, or a body isomeric with it, is obtained by 
the dry clistiUatiou of eulphobenzoldte of sodium, C“H‘N.iSO’. When this salt, in the 
form of dry powder and in quantity not exceeding 26 — 30 grammes, was heated in a 
copper flask, an oily body covered with a layer of water condensed in the receiver, and 
a considerable quantity of ciirbomc and sulphnrons anhydrides was evolved, wlulo 
carbonaceous matter and carbonate of sodinm remamod behind The crude oil began 
to boil at about 80°, between which temperature and 110°, water and benzene passed 
over The boiling point then rose qiiioHy to 290°, at which temperatiu-e the greater 
portion of the liquid distilled over, leaving a black tarry residue ; and this when more 
strongly heated gave a further quantity of an oily body which, when rectitted, yielded 
the snbsUneu boiling at about 290°, and above 300° n bqnid which after standing for 
some weeks deposited a few crystals. 

The oil boihng between 290° and 800°, which aniounted to about two-thuds the 
weight of the crude oil, yielded on reetificatiOtt an oil boihng very constantly at 292 6°, 
and oontaunng, after further reotiflcation in a cnrreiit of hydrogen, 77 12 per cent 
coi'bon, 5 38 hydrogen, and 17-19 sulphur (mean), agi-eoing nearly with the formula 
which reqmres 77 11 0, 6 38 H, and 17-20 S 

Sulphide of phenyl is nearly colourless, with only a very faint yellow tinge, and has 
an aromatio but slightly alliaceous odour. It has n high refractive power, speciflo 
gravity 1-00, and bods at 292 5°. It is insoluble in water, very soluble in hot spint, 
from which it partially separates on cooling, mid is miscible in all proportions with 
etha , heneene, and aulphde of carlon. Its aleoliohc solution mixed vnth. plaiime chlo- 
gives a slight floooulent precipitate, which on standing lesolves itself into a led- 
dish-colom-ed oil Httrate of silver and meveuno Monde giie no precipitate It dis- 
solves sparingly in cold strong aulphuno aoid, forming a red solution, but on raising the 
temperature the -whole dissolves, forming a greemsh-Uack liquid, which becomes colour- 
less when laigely diluted with water, and on neutralisation with chalk yields an organic 
calcium-salt The solution of the oil in strong snlphmic acid blackens and gives off 
Bulphm-ous anhydride when very strongly heated. It is not acted upon by solutions of 
the alkalis, either aqueous or alcohohe, but is decomposed by heating with sohd potash. 

Sulphide of phenyl heated with strong mtric and, or with ac^ chromate of potassium 
and dilute sidphimc and, is converted into a.cmtalhne substance having the compo- 
sition of Mitscherlioh’s snlphobenzene, C*^H“SO*, but differing from it greatly 
both in chemical and in physical properties: hence for distinction called sulpho- 
•benzolene (g. ti.). 

JDtsulphide, (0. Vogt, Ann Ch. Pharm-cxix. 142.) — This compound 

is produced from phenyhe sulphydi-ate or phenyl-mercaptan : 1, By oxidation with 

2(C«H«)HS + HNO® =. (C"B;»)®S’ + NO” + ffO. 

When phenyl-mercaptan is gently heated with nitric acid of specific gravity 1 2 in a 
retort connected with the beak of a Liebig’s condenser till red fumes begin to escape, 
the action goes on of itself without farther heating, and at its termination, the oil, which 
at first floats on the top of the bqnid, smks to the bottom, and solidiflea oil cooling to a 
crystalliue mass which, when washed with water and dissolved in boiling alcohol, yields 
by spontaneons evaporation noedle-shaped ciystals of disulphide of phenyl. — 2. A solu- 
tion of pheuylio mercaptan in aleohobc ammonia, left to evaporate spontaneously at 
ordinary temperatures in a wide cylindrical' vessel half flUed with it, also yields crystals 
of the disnlpbide. — 3. A small quantity of this compound is obtained in the preparation 
ofphenyl-mereaptan. 

Disulphide of phenyl is obtained by the first method in long white shining needles , by 
the second m beantifnl regularly developed crystals half an inch (ong, and having the form 
pf orthorhombic prisms with truncation of the maerodiagonal and braohydiagonal 


• List and Limpricht a««lgned to It the formula C»i(90= ”-hioh requires 84-07 C and 0 73 H. 
VoL. IV. E E 
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lateral edges, and tenniiiated by a simplfl dome It has a faint not unpleasant odour, 
la iBSoluliIe TO water, but easily soluble in alaohol and Uher ; melts at 60° to a yellowish 
oil, which "wlipn left at rest soioetinies does not solidify till cooled to 26°. Though but 
slightly Tolatila, it distils without decomposition at a somewhat high temperature. 
iftis««t/n/of»oi/c» evolved by ane and hydrochloric acid, eoiirerts it into plieiiyl-raer- 
eiiptan. By the prolonged action of mine aonJ, it is converted into pheiiylaulphurous 
acid, d'H"SO“. 

PHaHYI., StllPHVnRAXH OF. C»H“S = *^'2' |s Phmiyl-mcrcaptan 
(Vogt, loo. oit.); Semylic Sidphydratr, or PniHyho Mercaptan (Kolbe). — ^Produced 
by the action of nascent hydrogen on sulphophenylio chloride • 

CTOSO’Ol + H» = C»H"S + HOI + 2H»0. 

It is prepared by pouring dilute sulphuTic acid upon zinc in a capacious flask, and 
adding anlphophonylie chloride as soon as the eyolntion of hydrogen becomes rapid, 
taking care that the zme projects eonsiderably above the oily liquid at the hotton. On 
distilling tho Bqmd after twenty-four hours, the phenyho sulphydrato passes over with 
the aqueous vapour, and coUeets as an oil in the receiver. The residual saline solntion 
contains a stohII quantity of phenylie disulphide. When large quantities are operated 
on, lb 18 best to subject the oil to a second treatment with zinc and snlphurio acid 

Phonyhe eulpliyifcatc is a colourless, mobile, strongly rofr.iotuig, oily liquid, having 
an intensely disagreeable odour. Specillo gravity 1078 at 11°, Boiling point about 
168°. It burns with a bright white flame When placed on the skin it produces a 
burning pimi , its vapour attacks the eyes and produces giddiness It is not miscible 
witii water, but nevertheleas imparts its odour thereto , it dissolves easily m alcohol, 
other, hmarne and sulphide of oarhon. It dissolves aidphur with yellowish, and iodine 
with red-brown colour. 

’ tiercaptidcs. — Bhenybo sulphydrato, like the oorrespond- 
inp ■ ", can exchange its typio hydrogen for metals 

j • ' , IS precipitated as a pale yellow powder on mixing the 

alcoholic Bolnlions of phonylio sulphydrate and onpne acetate, The lead-salt, 
obtoined in like niaiiner, is a yellow crystalline body, which has a sdky 
lustre when dry, becomes oinnabar-red at 120°, yellow again at 200°, melts above 230° 
to a red liquid, and sohdifies again to a yellow mass on cooling. 

Mereury-salt, 0‘''H"’Hg''S^ — Phenyl-morcaptan acts very violently on meremso oxide ; 
when a drop of it is let fall on tlie dry oxide, great heat„ is produced and the whole 
mass is scattered about, and even the dilute alcoholic solution becomes very hot in con- 
tact with mercuric oxide. The mercuric phonylsulphide produced by this reaction 
crystallises from alcohol in white capiUary needles, having a silky lustre when dry. 
On mixing the alcohoho solutions of mercuric ohloride and phenyl-mercaptan, tlie 
double salt, C'*I['‘'Hg"S Hg''Cl”, is produced, and crystallises from a boiling alcoholic 
solution on coohng m white laminse 

Phenyl-svlpJnds of Silver, C"H’AgS, is precipitated as a pale yellow crystalline pow- 
der on mixing the uleoholie solutions of phenyl-mercaptan and nitrate of silver. Anno 
and platinw chloi idea form brown precipitates. 

The sodmm-sttlt, C“H‘HaS, is formed, with evolution of hydrogen, on adding sodium 
to phenyl-mercaptan, and lenmins as a white saline mass on expelhiig the excess of the 
mercaptan Carbonic anhydride passed into the alcoholic solution of this salt forma 
the compound C’fflTaO-^ just as salicylate of sodium, O’H'NaO*, is formed from 
phenate of sodium, OH*NaO. 

FBEnrTK'ACETAIWIDS or AcetanUids, 0"H*N0~(C»H‘)(0*H'O)HH. (Ger- 
hardt, Ann. Oh Pharm. lixxvii. 164:.) — Produced by the action of aiuline upon acetic 
anhydride or chloride of acetyl : 

C’H«0« + 2C»H’N - seWNO + H=0. 

OT»OCl + C»H'N = G»H'’NO + HOI. 

It crystallises in colourless shining laminse, melts at 112°, and solidifies in a crys- 
talline mass on cooling; distils without decomposition Sparingly soluble in cold, 
moderately soluble in hot water, also in alcohol and ether. It is scarcely acted upon by 
boiling potash-ley, but fused hydrate of potassium decomposes it immediately, forming 
aniline and acetate of potassium. ^ 

Phenylaoetamide teeated with irorntne yields mono - and di -bro mop he nyl acet- 
amide according to the proportions used; similarly with ohlonne (Mills, Proc, Boy. 
Soc. I. 689.— Gliess, Ann, Oh. Pbarm. cxxi 267) With /uwwy w'im acid it yields 
uitrophenylacetamide, (Hofmann, Proc. Hoy. Soo. x. 589.) 

FBE»rT&-ACOSrXTAMIl>XIS, See AcOnitic Aoid (i. 65). 
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PBEKmiAWCIC ACIDS. Anihc acids. — -Amie acids having the hydrogen mors 
or leas replaced by phony I, and containing the elements of amlmo and apolybasic acid 
minus the elements of water . e. g. 


H.C'ff } 



N 

0 


C»H5 

H 

H 


i 


’o» 


Succinic 


H»0. 



They are produced either by direct elimination of water from salts of aniline, or by 
heating audine with excess of the corresponding acids, or by heating the corresponding 
phenylimides with aqueous ammonia (see Amo Acms, i 167) The individual phenyl- 
amio acids are described m eonneetion with the corrosponduig primary amic acids (see 
OAEnAnic Aon), i. 761 ; Oirwo Aotn, AmpEs of, i. 1000 , Oxamio Acid, iv. 281). 

DREmrliAnilDES or anidides. Amides in whicli | of the hydrogon is 
replaced by phenyl They contain the elements of neutral salts of a nilin e mnus 1, 2, 
or 8 at. water, according as the acid is monobasic, dibasic or trihasic c. g. 

O'H'Ol 

C“H» )N = a»H»0» 0*11717 - H*© 


(0»H*0‘)''l 

(C'H*)" = C*H“078C«H’N - SH*©. 

H* ) Citrate of aniUno. 

Phenyl-oltramide. 

They are formed by dry distillation of the aniline-salts, or by the action of acid anhy- 
drides, or chlorides of aeid-radicles, on aniline 
Pebniiimides or Anus, — Tertiary monomides in which 2 at. H oro replaced by 
a diatomic aoid-radielo, and the romainiug atom by phenyl They are produced 
from acid salts of amhne hy elimination of 2 at. water, and may he regarded as atuhae, 
in which 2 at. H are replaced hy a diatomic xadide : s. g. 

“ C<H»0*.C‘H’N - 2IPO. 

Phenyl‘8ucclnliuidee Acid succinate 

Heated with aqueous ammonia, they take np 1 at. water and are converted into the 
eorrespondmg phenylamic acids : e. g. 

C'»H«170“ + ffO = C'»H»HO« 

PheayUucotalmlde. Phenjl-encclnamta 


EBEN'S’EABlIIfES. Organic bases derived from ammonia hy the sabstitniion of 
one or more atoms of phenyl for an equivalent quantity of hydrogen. 

A. Pbeuyl-monamlnes. 

BXonopbenylamlue or Aniline. 0“H’N = Cryst<dhne,K.yaml,Ben- 

sidam, FKenamde, Amidophinase ^Regarded by Griess as aimdo-benzemi, C“H*(irH*), 

by L Gmehn as C*H“N H*. (Undverdorben, Pogg Ann. vxii. 397. — Bunge, lAid. 
xxxi. 65, 613; xxxu. 331 — Fritzschfe, J. pr. Chom xx 463, xxvii 163; xxviu. 
202 — Ziniu, xxvii. 149; xxxvi. 98 — ^Hofmann, Ann Oh. Pharm. xlvii 31; 

lm.8, Ivii. 265, Lsvi. 129, ixni 61, 129; Ixx. 129, Ixxiv 117, Ixxv. 366 — Seporton 
Chenmal Fiodmts and Frooesses tn the Intematumal Exhhtion of 1862, p 123. — 
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Mnspratt and Hofmann, Ann. CIi Pliarm, liii. 221, Ivii. 210-— Lanrent, Compt. 
I'end. xvii. 1366, Re\. seient. xrm. 278, 230 — Gorhardt, J. Phurm [3] ix 401; 
X, fi, — ^Laurent and Gorhardl, Ann Ch Phy-a. [3] xxiv. 163. — Gm. » 216 
Gcrli. hi 79 ) 

History. — Aniline -svna discoTCved in 1826 hy UnrordoThcn, who ohtainod it from 
indipo >ind c.allcd it crystalline, on aceoiint of the fadlity w itli winch its s.ilt3 assume the 
crystalline foim • the name aniline is derived from anil, a Portucucse nanie of the indigo 
plant Andino has hoan especially studiod by Hofmann, Fritzsehe, Zinin, and 
Gerhardt, who have obtained from it a hirge number of eorapounds and dorivatives. 
For soinn time, however, it remained an object of purely scientifle interest, and was not 
applied to any technical purpose , but mthm tho last ton years it has acquired great 
indnstrial importance, and is now manufactured in anormous quantities, on account of 
the splendid dyes which it is capable of yielding. 

S'ormation . — ^Aniline is produced in a great number of reactions ; J. By heating 
phenol with ammonia in a sealed tahe for a fortnight or three weeks (Laurent)' 
C“H«0 + NH» = OH’N + ffO. 

2. From nitrobenaeno by the reducing action ; a. Of sulphydno aeid in prasenoa 
of alcohol and ammonia (Zinin). 

+ 3H»S = CoH’N + 2H“0 + S«. 

|8. Of zmo, in presence of hydrochloric acid (Hofmann) : 

0«H»1T0* + H« = C“H’N + 2H’0, 

y. Of ferrous aoetato : > 

C»H*NO* + 6FeO + H«0 = C'H’N + 3Fe'0’, 

ferrous sulphate, oxalate, and cMoiide do not exert any reducing action on nitrobenzene 
(Bochamp, Ann. Ch Phys [3] xlii 186).— S. Of a hot solution of arseiiious acid m 
caustic soda (Wohler, Ann Ch. Phai'in. cii. 127) 

20»H'‘N0'' + 3AsW + 2H=0 = 2CHI’H + 8Aa=0» ; 

e Together with azobonzene and oxalic acid, by distilling mtrobenzene with olooholic 
potash . 

2CoH'IlO» + C*H»0 + 2KHO = C»H’H + OffN + C'K^O‘ + 2ff0, 

{. According to Letheby (Chem. Soc. J. xw 161) nitrobenzene is converted into 
aniline in the stomach. 

3. By the dry distillation of the isomeric compounds phenyl-carhamio acid 
(Fntzsohel, aalioylamide and nitrotolueno (hydride of nitrobenzoyl) (Hof- 
mann and M-uepiatt) • 

0»H’N0« = C«H']Sr + 00» 

4. By the action of phosphoric anhydride, chloride of zinc, or hydrochloric acid on 
diphenylcaihannde and diphenyl-sulphocarbamide (Hofmann, Proo Eoy, Sob. ix. 274); 

G‘»H'*N=0 = C»H'H + O’H’HO. 

Dlphenyl-carDd- AnlUac. Phcnylio 

mldc cyauatQ. 

0'»H'«N»S « C'H’N + C’H'NS. 

lUphenyl-iuIplio- Aniline, Phenylto sulpho- 

6. By the distillation of azoxybenzeno. (Zinin, i 479) 

6. By distilhng indigo per se (Hnverdorben), or with very strong aqueous 
potash (Fritzschs); also, by distflling isatin with potash (Hofmann) ; 

C»H‘NO + 4KHO + H’‘0 - CPH'H + 2K*CO» + H*. 

Indigo. 

OSHTO' + 4KHO =. emw + 2KW + m. 

Iselin 

7, Aniline is found among the products of the distillation of coal (Rung e); of 
peat (Vohl, J. Pharm [3] xxxvi. 319) , and of bones (Anderson) 

According to Phipson, certain fungi of the genus Boletus {B cyanesee'is and B. 
luridns), the tissue of which acquires a transient blue colour when triturated in contact 
with the air, contain aniline. 

Preparatum. — 1. From Httrobenaene . — Of tho various modes of converting nitro- 
benzene into anilme, the reduction by ferrous acetate is the only one that is now used 
ss a practical method of preparation. It is by this method indeed that the large quan- 
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titiea of aniline required for the prodnction of aniline colours are prepared The nitro- 
benzene is mixed -with acetic aoid in eiust-uon vesaeU, and cast-u'on turnuiga or filings 
are very gradually added, ears beuig taken that the heat produced by the reaction does 
not rise too high Equal weights of the three sabstancea are Tery convenient pro- 
portions. Tlio mixtiiro is soon converted into a solid or semi-solid mass, consisting 
pnncipnlly of ferrous acetate and acetate of aniline. This is distilled, either aloua or 
with addition of lime, in large cast-iron cylinders, the mass being gradually raised to a 
red heat. The distillate may vary in composition, but it generally consists of acetone, 
aniline, unaltered nitrobenzene, and other products arising from the impurities of the 
nitrobenzene If the iron and acetic acid are used in great excess, the decomposition, 
na observed by Soheurer-Kestner, may go too far, ao as to reproduce benzene, with 
sunultaneouB evolution of ammonia . 

3C“H’N + Ee» + 3ffO = 3C»E» + 3NH» + Fe*0». 

The crude iinfline mixture is redistiUed, and the umhne obtamed sufficiently pure for 
niimufucturiiig purposes, by collecting the portions distilling between 175° and 190°. 
It may bo further piirifled by distdlaUon with potash, and subsequent reetificatiou 

According to A.Krem er (J. pr. Chem xo. 255), nitrobenzene maybe advantageously 
converted into amliue by means of zinc-dnst and water, without tho sad of an acid • 
C“H«(NOS) + Zn» + H^O = C"H'N + 3Zn"0. 

From 2 to 2Jj)ts of ziiio-dnstfthe product containing ffiom 80 to 96 por cent, of the metal 
which passes over it in the reduction of zme-ore at the commencement of the distil- 
lation), are lieated with 5 pts. water and 1 pt. nitrobenzene in a retort with a conden- 
sing tube ilii'ested upwards, a gentle heat being applied at first, and afterwards raised 
to the hoiUug point 'When the transformation is complete (which may be known by 
tlie perfect solubdity of the product in dilute hydrochloric acidl, the aniline (amounting 
to 03 — 05 per cent of the nitrobenzene) la distilled off with water The rednotion may 
also be offected, though much more slowly, by iron reduced with hydrogen 

2 From Coal-tm , — Anibne exists ready formed in coal-tar oil, but mostly in 
small quantity, not exceeding 1 per cent., so that its separation cannot be advan- 
tageously performed, excepting when very large quantities (from 1000 to 2000 lbs ) are 
to he operated on. The coal-tai oil is shaken np in carboys with sh'ong hydrooUlorio 
acid; and tho watery laj er below tho oil is remov ed with a syphon, filtered through coarse 
paper and distilled with excess of slaked lime in a copper still. The distmate thus 
obtained is a mixture of ammonia, pyridine, picoline, aniline, leucoline (coal-tar chino- 
luie 111 683) and other bases ne.rrly allied to the last, the three first mentioned bases, 
or tile others, predominating according us a more or less volatile coal-tar oil has been 
used The so-e.illed “dead od” which sinks in w.iter(i 1038)yielda when thus treated 
scarcely anything but aniline and leucoline bases, and from this mixture the aniline 
may be sopanited by the process described under Ciunoxind (i 870). 

' 3 From /liifipe. — Pnh erised indigo is introduced into very strong aqueous potash 
cont.nned in a retort; tlie resulting brown mass is heated as long as ammomacal water 
mid a brown oil pass over with intumesconeo; and the oil is separated by distiUatiou 
into a blown resinous residue, and n colourless distillate of andme. amounting to 20 
per cent of the indigo, (Fritzscbe.) 

Properties . — ^Aniline is a transparent, colourless, mobde, ody liquid, having n fount 
vinous, not unpleasant odom-, and an aromatic burning taste. It retains its mobility at 
20°, but solidifies at the tomperatura of a mixture of ether and solid carbonic acid. It 
bods at 182° (Hofmann), Siieoiflo gravity = 1 020 at 16° (Hofmann^ 1 028 
(i'ritzsche). Vapour-density, obs = 3-210; calc (2 vol ) = 3-234, Index of 
refraction = 1 677 (Hofmann) It is a non-conductor of electricity. Its vapour 
burns with a bright but smoky flame It exerts a deleterious action on the animal 
organism; h.ilf a gramme mixed with 1) grm. of water and sprmkled into the mouth 
of a rabbit, produced strong cramps, then laborious breathing, loss of strength, dilated 
pupils, and inflamm.ition of tho nincous memhiaue of the mouth , when dropt into the 
eye, it does notddiite the pupil (Hofmann). According to Sehuohardt ^Jahresb, 
1861, p 495), frogs immersed in water containing 1 pt in 8000 of aniline, die in two 
or ihree houi-s Eight drops killed a frog m a quarter of an hour, and tliree diops 
applied to a wound in the back, caused death in two hours. A dose of 50 to 100 drops 
killed riibliits in four to SIX hours According to Wohler and Frorichs (Ann On 
i'hai-m Ixv. 343), aniline does not exert any poisonous action upon dogs. The aquooug 
suluUou kills leeches, and parts of plants immersed in it (Eunge ) 

All ilimi dissolves in all proportions in ether, cdcohul, wood-spint, acetone, siMtide of 
cinhun and mh, hotli tixed and volatile. It is slightly soluble lu water, and likewise 
t.ilies up a small quantity of that hqnid. The aqueous solution has an extremely weak 
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attaliue reaction, affecting only the moat delicate teat-papers , it does not blue reddened 
htmua or redden tucmene, but it changes the violet colour of dahlias to green. Anilma 
dissQlve.s sulphur abundantly ; also phosphorus, camphor and. colopliomj, but not araeuio, 
copal or caoutchouc. It producea a bright violet-hlue colour with chloride of lime and 
other hijpochlorites, blue with sulphuric acid and acid chioinnte of potassium, and reda 
of varioua depth and hrigUtneaa when heated with tetrachloride of carbon, stannio 
chloride, arsenic acid, ftmine) mtiic acid, •mercmic nitrate, and eomo other salts. 
It uiiparta a deep yellow colour to pinc-wood and elder pith, a character howerer 
likewise exhibited, though in a less degree, hy other baaos, namely conino, einnamine, 
leucohne and naphthylamme. 

The aqueous solution of aniline 'prccipitatea the bases from ferrous, ferric, zinc, and 
aluimniuni salts. With platinie and palladions chlorides it forms yellow double salts j 
with chloride of gold a red-hrown double salt ; with morcurio, antimonic and stanmo 
chlorides, white double salts. It forms with infusion of galls a brownish-yellow floc- 
eulent precipitate, soluble m alcohol and in hot water, and 'coagidates alburmn. 

DtcompositionB . — 1 When aniline-rapour ia passed through a red-hot glass bibe, 
cbarcoal ia deposited, ammonia and hydroeyanio acid are given off, and a brown liquid 
condenses in the receiver, which, after the undecomposed anibue has been saturated 
with an acid, yields by distillation, henzone boiling at 80°. and benzouitrile (oyanido 
of phenyl) boiling at 190°~195°. The formation of tlio latter is probably due to the 
action of the hydrocyanic acid on another portion of the aniline, C'H’N + ONH = 
C’H'lf -I- NH*. A sm.iU qiianhty of an indifferent crystalline substance, and an oily 
base of high boiling point are likewise found among the products of the decomposition. 
(Hofmann, Proc. Eoy. Soc an. 383.) 

2 When exposed to tUo an, it turns yellow, rod and brown, and forma a resm 
which dissolves -with yellow eolora in water, the change taking place more quickly as 
the temperature is higher: hence bi distilling anilme it is necessary either to use 
,a brisk fire, or to pass a stream of hydrogen or carbonic anbydndo tbiongh the 

3 Aiiibne treated with dilute sulphuiio acid and perucide of manganese, yields a 
small quanbty of quiuoue together with ammonia. 

C'E’N.+ O* = CHiOo + HE’, 

The greater part of the anilme appears however to imdergo a further decomposition 
(Hofmann, Proe. Boy Soc xui. 4) The formation of ammoma in this reaction was 
also observed hy Matthicssen {ibid ix. 637). 

4 Aiiibne takes fire in contact with chrome anhydride (Ci'O*), and hnms with a 
bright flame and agreeable odour, leaving a residue of green ohvomic sesquioxido, Ci'“0*. 
(Hofmann.) 

6 An aqneous solution of chromic acid forms with aniline or its salts, a green, blue, 
or blade precipitate, according to the concentration of the aolubon (Fritzsehe). 
Aniline or an anilino-eult moistened on a porcelain dish with a few drops of sulphuna 
and and solution of potaesie chromate, produces a bright but transient blue coloration 
(Beissenhirtz, Aim. Ch. Pharm Ixxxvu. 376). On this ie.ietion is founded the 
preparation of mauve, or aniline-purple discovered by Perkin (see Appendix 
to tins artielo). 

G With eolutions of alhahne hypochlorites, clilonde of lime, for example, anihne 
exhibits a deep violct-pnrple coloration graduidly passing into dingy red (Bunge). 
This reaobon affords a very delicate tost for anihno ; it is likewise exhibited, though 
still moro transiently, by amhne-salts. Tho purple colour is not altered by alkalis; 
acids change it to red. 

7. A solution of anilma in dilute aulphurie acid is easily decomposed by the electrio 
current ; and if a drop of the solution bo laid on a piece of platimm foil connected with 
the positive pole of a small Grove’s battery (one pair is sufficient), and the negative 
terminid also dipped into it, the Eqnid immediately asaumes a fine blue colour chang- 
ing to violet and red, the colours being very bright in strong solutions, and affording a 
very delicate test for aniline. Tho colouring matter is ulbmately deposited on the 
platinum foE as a blackiab-brown powder, insoluble in water, alcohol, ether, and ani- 
monia, but soluble, with blue, green or vnolot colour, in strong sulplimdo acid, whence 
it is precipitated by water as a dingy green powder ; it is partially decolorised by re- 
ducing agents, (H. Letheby, Chem. Soc J xvi 161.) 

8. Aniline treated with a mixture e^potassio chlorate and hydrochloric and forms a 
red resinous suhstanee contaming trichloropheuic acid and perohloroquinone, 
from which tho former may be mssolved out by boiling alcohoL 

0. Anilma is deeomposod hynitne and, and when evaporated at 100°, leaves abrown- 
black readue (Bunge). It is unmodiately reddened by strong nitne acid (Zinin). 
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It acquires a transient blue and green colour by treatmont with strong nitric acid 
fb'ritssche) With a sinitll quantity of fuming mtne acid, it immediately forms a 
deep tizurc-bluo mixture, whieb when very sligUtly warmed, turns yellow, becomes hot, 
gives off g.ia with violeiiea, then assumes a scin’let colour continually increasing in 
brightness, and deposits picric acid (Hofmann). Aniline, dissolved m moderately 
strong nitric acid, likewise passes into spontaneous ebullition on the application of a 
gentle lieat, (lives off nitrons vapours, and when that action ceases, is found to be con- 
verted into picric acid (Hofmann and Muspratt) : 

O-K’N + GNHO’ = G»H»(H0’)«0 + 4HHO'‘ + 3H^O. 

Nitric acid heated with excess of aniline, or nitrate of aniline heated with aniline to 
150° — 180° for several hours, forms a heautiful wolet-red substance, wbichis one of the 
varieties of anilme-red A similar colouring matter is obtained by heating aniline with 
mcjcunc or menurnua mtrate, with mtmte of lead, nitrate oj silver, arsenic acid, 
stannio chloiidc, antimomo nitrate, and a variety of other suits All these red colours 
have been shown by Hotmann to consist of various salts of rosaniline, C™H‘“N“ (see 
Appendix to tins article) 

10. Nitrous acid acts upon aniline in various ways according to the manner in which 
the two bodies are brought together • a Whenhydroclilorate of anilina is treated with 
niinte of silver or nitrite of iiotasswin, nitrogen is evolved and phenol is formed, 
together with a metalho chloride and water (T. S. Hunl^ Sdl. Am. J. [2] viu 372. — 
Hofmann, Ohem. Soc, J. in. 232) 

C'H'NHOl -t AgNO* - C»H"0 + AgCl + H’O + N». 

According to Hunt, phenol is likewise ohtauied when nitric oxide is passed into a 
dilute aqueous solution of nitrate of andine . 

C“H’N + HNO» = C»H'0 + H'O + N’ ; 

but according to Hofmann, the whole or the greater part of the phenol thus produced 
is converted into mon onitrophenol by the free nitric acid present. 

According to Mattliiesseu, hoiii6ver(Proc Roy Soc.ix. 118), the action takes place 
by two stages, the aniline in the first mstanco reactmg merely with water, to produce 

C»H’N + = H>N + C‘H“0, 


while in the second stage, the ammoma and nitrons acid act on one another so ns to 
form water and free nitrogen H’N + HNO= = 2H*0 + N’, and the phenol is 
converted by the free nitric acid into nitrophenol. 

In Idee manner a solution of nib-ate of amylanibne is converted by nitrous acid into 
amylamineand phenol, the action in this, us m the former case, consisting in a replace- 
ment of phenyl by hydrogen : 

C»H»In + S|o = *^hIn + ^‘?Oi 


and the amylamin 0 _ being subsequently converted by the same mode of action into 
ammonia aud amylio alcohol Simdar reactions take place under the influenoe of 
mine amd, of peroxide of manganese ani. siUphuno aoid, of potasseo permanganate, and 
of caiistio potash (Matthiossen.) 

)3, Nitrous acid passed into an aleoholic solution of andme converts it into azo- 
diphenyldiamine, C‘^H"N’, a base formed from a double molecule of aiuline, 
C‘”H.“N“, by the substitution of 1 at. nitrogen for 3 at. hydrogen; 

2C“H'N + HNO* = C'“H'‘N« + 2H'0. 


Similar reactions take place with the hromo-, ehloro- and nitro-phenylamines, and with 
dU the homologues of aniline, the general equation for the reaction being . 

2C“H’"-“N -f- HNO» = C’^h*»-“N“ + 2ffO 


(Gtriess, Ann, Oh. Phavm. cxiii. 334; suppl. i. 100) When nitrons acid is passed 
into a mixture of anilmo with about fom' times its volume of alcohol, the azodiphenyl- 
diamino first produced is ultimately converted into azophenylamina (or diamido- 
benzend), C“HW = (C»ffN"')N- 

C>"-H"N« + NHO” = 2C“HW + 2a''0. 


11. Chlorine gas passed through dry aniline, converts it, with great rise of tempera- 
ture aud evolution of hydrochloric aci4 mto a black viscid tar, which stops up the gas- 
deliveiy tube. If, in order to prevent this accident, the chlorine be passed through 
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anilina mixed with water, or dissolved in hydrochlone acid or in alcohol, the liquid, 
which aaaumea first a blue, then a black colour, deposits a black tor, which on eoohng 
Bolidiflea into a brittle resin , and this resin distiUed with a small quantity of water, 
yields triehloraniline, afterwards liquefies, leaves a residue of charcoal, and gives 
off hydrochlorio acid and trichlorophenic acid in the form of a yellow offensivo 
oil which crystallises on eoohng (Hofmann) : 


Cm’N + Cl« =. C'H^Cl’H + 3H01; 


C‘H'N + Cl" 


H"0 == C»H»01»0 + 2HC1 

Trlchlaro^kealo 


m<cL 


Triehloraniline appears also to be formed when aniline is distiUed with hydrochloric 
acid and peroxide of manganese (Hofmann.) 

12. Bromine forms with anhydrous aniline, with great evolution of heat, a hrown 
solution, which, if the quantity of bromine is snfiBeiont, solidifies to a mixture of finely 
crystalline trihromanilino and hydrobromio acid (Pritzacho) — Brcmine-waicv 
added to aniline dissolved in hydrochloric acid, forms a coiisiderablo quantity of hydro- 
bromio acid, and a precipitate of tribromaniline which qnickly becomes crystal- 
line, the same substance is deposited, after boding aniline ivith excess of hydrobromio 
acid, in tbe form of a dark coloured oil which crystallises on cooling (Hofmann). — 
13 The dark brown solution of lodtne in aniline, the formation of which is attended with 
great rise of temperature, soon deposits long iieodles of hydriodata of aniline 
(Fritzsche, Hofmann), while the mother-liquor retains, together with aportion of 
this salt and free iodine, an lodurotted hrown amorphous risin, together with hydrio- 
date of lodaniline. 

C«H"N -I- I" = C«H«INHI. 

14 Cyanogen acts difievently from chlorine, bromine and iodine, not removing a 
portion of tbe hydrogen and taking ita t)I.ice, but umting directly with the aniline, and 
forming the componiid C"H’NCy ■>« C’H’N-, called cyananiline, which is also basic 
and forms salts with acids 

15. The bromides and iodides of the alcohol-radicles heated with aniline give nso to 

suhstitiition-prodnctsmwhichoueortwoof th-"-'- "■ - '' the aniline are 

replaced by alcohol-radiclcs, c. ^ ethylaui ' ' 'amylaniline 

(C‘H")(0"H")"1T, methyl-otliyl-aniUne ■■ luso compounds 

are bases like anihne itself those in winch the whole of the hydrogen is replaced by 
alcohol-radicles unite with the alcoholic iodides, forming iodides of bases belonging to 
the animonnun-type; thus diethylaniline with iodide of ethyl forms the iodide of 
tnethyl-phenylammoniuin (C»H")(0"H»)»M:. (Hofmann ) 

16. Aniline heated with bromide of ethylene yields, besides hydrobromate of aniline, 
the hydrobromates of three bases, having the sumo percentage composition 0“H®N HBr, 
and separable by their different degrees of solnbihty in .dcohol, the first being 
soluble in cold alcohol, the second, which forms the chief part of the product, being 
insoluble on cold, but soluble in boiling tilooliol , tbe thmd, insoluble in alcohol even 
at the boiling beat. Tbeir formation is represented by the equation ; 


= C"H'NHBr + C'H'NHBr. 


The second of these buses is shown, by its reactions with bromide of ethyleno, iodide of 


methyl, &o.,toconsistof diethylene-diphenyl-diamine, C'"H>"N" •= N"; 

the first is probably ethylene-phenylamine C"H"N,and the tim’d, triethyleno- 
triphenyl-triainine G"^H-''N“. Bromide of ethylene, heated with a Iwge excess of 
aniline, forma otlglene-diphenyl-diamine, according to the equation 4C“H"N + 

C"HW = (CW)»|h" + 2(C“H’HHBr). (Hofmann, Proc Eoy. Soc ix. 277; 


X. 104). The formation of a base having the composition (PH'N, by the action of 
chlorine on eh/onde of eOafleais, had provionsly been observed by Natauson (Ann. 
Oh Pbarm. icvm. 202). 

17. Aldehyde (oxide of ethylideue, C!"H"0) acta upon aniline m a similafhnanncr, 
pi’odneingtwo compounds isomerio with the ethylene-bases just mentioned, but differing 
from them in properties, and related to them in the same manner as aldehyde to oxide 
of ethylene, that is to say, containing ethylidene instead of ethylene. With vaUraldo- 
hyde, amant/iol, himoic aldehyde (bitter almond oil) and other aldehydes, analogous 
reactions aro produced, resulting, however, in each ease, in the formation of only one 
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compound analogous to tte preeecLmg, namely a compound containing 2 at of the 
oldehydo-radide, the general equation of the reaction being : 

.["giK] . cH-o - 

With acetones or ketones no such reaction takes place (H. Schiff, Ann. Oh.Phann. 
Suppl lu 342). See PunsitL-DiAMiKiis. 

18. Aniline heated with an equal volume of chloroform to 180° — 190° in a sealed 
fCH)"' 1 

tube, yields hydroohlorate of formyl -diphenyl -diamine (C'H*)’ >-N*,tog8ther with 

H j 

hydrochlorate of aniline (Hofmann, loo. oit.): 

+ CHOP = C>“H'»N’HC1 + 2(C«H’Bf.HCl). 

19 Tetraohlonde of carbon, heated with three times its volume of aniline for about 

thirty hours to 170° — 180° yields a blackish mass partly soluble in water Prom th* 
aqueous eolution, potash separates an oily precipitate which when distilled with potash 
gives off a considerable quantity of umutered aniline, whilst a viscid oil remains 
behind and gradually solidifies to a crystalline mass, which when washed with cold 
alcohol and crystallised twoorthree times from boiling alcohol, yields a perfectly white 
crystalline body consistmg of earbotnphenyltriamine whilst the 

alcoliol retains in solution a substance of a magnifieent crimson colour. Ths forma- 
tion of oarbotriphenyltoamine is represented by the equabuu ; 

C*' 1 

eC^H'S! + COP = + 3(C'’HT!r.HCl) + HCL 

The portion of the black mats which is insoluble in water, dissolves almost entirely 
in dilute hjdroohlorio acid, from which it is precipitated by allcalie as an araorphons, 
pink or dingy precipitate soluble in alcohol with a rich crimson colour. The greater 
portion of tins body consists of the same colouring principle which accompanies the 
white crystalline substance (Hofmann, Proc. Eoy Soe ix 284.) 

20 With chlondr of carbonyl (phosgene gas) an dine yields a muctnre of hydiochlo- 
rate of anihne and diphenylcarbaiuido, perhaps thus; 

3C»H’1T + COOP = (CO)"(C»H‘)='HW + C»H’N.Ha + ECl. 

21. Dry gaseous cUonieof cyanogen converts anhydrous aniline mtomelaniline; 
with an aqueous solution of the gas, anihne forms plieiiylcarbamide (Hofmann); 

2C“H’N + CNCl = ^jH'WHCl. 


2C«H’N + CHOI + H'O 


(COI^iCOH'/HW 


C«H’N.HC1. 

Hydiochlotate 
or aniline. 


Dry chloride of cyanogen passed through an ethereal solution of aniline cooled with 
loe, forms eyauilide C®H®CyH, and hydrochlorate of anihne (Oahours and Oloez, 
Compt. lend xxxvm. 354). 

2CWH + CyCl - C»H“CyN -s C“H’N'HC1. 

22 Bromide of cyanogen acts upon anfline like volatile chloride of cyanogen, form- 
ing hydrohromato of melaniline, and [in presence of water?] a small 
quantity of plienyl-ciirhamide (Hofmann) — 23. Iodide of cyanogen forms with 
amhiie lodanihne, a brown product coiitniniiig lodmo, and hydrocyanic acid 
(Hofmann) — 24. Wben gn sulfhocyanio acid (p 374) is heated with anhydrous 
aniline, the mixture molts, and solidifies on cooling into a mass which dissolves in boiling 
alcohol and ether, and when boiled with water containing a little potash, leaves a residue 
oi siiipliiir, and yields a filtrate from which hydrochloric acid precipitates, together 
with sulphur, crystiUine scales which dissolve in boilmg alcohol and ether. (Laurent 
and Gerh.ai'dt, Ann Ch Phys [3] xxiv 198) 

25. With oxychloride of •pkosphtn lit,, anhydrous andme forms triphenyl-phos- 
ph a'fni do aud hydrochlorate of aniline . 


6(C“mH“.N) + POGP 


3(C“H’N.HCI) 


With sulphochloi ido of pkoaphorus, a white : 


i formed containing hydroehlorata 
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ot aniliuB and prol)j.Tjly triplienyl-sulpliopliospliiiniido, (PS)'''(C®H'')“N’H’. 
(Schiff, Ann. Oh. Pharm. ei. 280.) 

26. Chloride of bemor/l eunverts .auiliuB into a niixtnra of hydroehlorate of amime 
and phonyl-ljen^.innde, tC’II''0)(0“H“)HN. In like manner -mth the eldoridca 
of cimt/l, emnamyl, and ameyl, aniline yields plionyl-cumjkimdo, pheuyl-einnauiide, 
and phenyl-amMtnidc. 



Cerhardt's Tiaiii, iii. 981)- 

C“H’N.C»H»S0’01 = C«H"NS0> + HCl 


28. Strong sulphuric acid converts aniline into phen^l-sulphamic acid, 
C“H’NS0®, which when heated with excess of fliming salphurie acid, yields phenyl- 
disulphamie acid, C'H’NS'O" (Biickton and Hofmann, Oliem Soe J. ix 260). 
26. With 'phosphoric anhydride it appears to form phenyl-phosphamic aci4 

C^NPO* =• (POyl-Q (Ann Ch, Pharm. ciii 168). 27. Heated with venous 


organic acids, it also forms the corresponding phenylamie acid.s (p, 419). 

29. "With cyanic acid, aniline forms pheiiyl-carhamide, (00)"(C®H‘)H®N*, or 
diphenyl-carbamide (CO)''(C'‘H’)*B?H'‘, according to the circumstances of the 
reaction (.i. 766). 

SO With su/phtde of carbon it forme phcnyl-sulphooarbnmide, (CS)"(C“H*)“ 
H-’N’ (Hofmann, i 766). Tha same compound is produced by distilling a mixture 
of aniline, sulphuric .icid, and enlphoeyamite of potiissium. According to Orossley 
(Ciiom News, iv. 190), a mixture of aniline and snlphnlo of carbon is converted in a 
few days, with cvolntiuii of sulplmretted hydrogen, intoiv cream-coloured fatty substance, 
which on addition of fuming nitric acid yields a dirty brown and a crimson compound. 

31 A solution of aniline and gumone m a laige quantity of boilmg alcohol deposits 
crystals of diphouyl-quinoyl-diaraide, wlulo hydroquinone romama in 
solution : 


2C“H>1T + 3C»H'‘0» 

Aniline. Qulnonc. 


(C“H‘)« ) 

(C«n«O0'7N» + 20*E®0». 
H-* J 

Diplieoil-quinoyl. Hydroquinone. 
dlitmlde. 


32 With)i«rcWo)-i)jumo«o(chloraiiil), andinsfoms diphenyl-diohloroquinoyl- 
di amide and hydrochlorate of aniline: 


iO'H'N + CCl^O^ 




2(G'H’N.H01). 


(Hofmann, Proc. Boy Soe. xni. 4). This latter reaction was first studied by Hesse 
(Ann. Ch Pharm. cxiv. 292), who regarded the amide produced in it as dichloro- 
quinoyl-pentiphenylpentamide, (0''H“)“(G“d’P0'')”H‘'H“. 

Salts of Aniline. These salts may ha regarded either as compounds of aniline 
with acids, or of phonyl-ammomiim, C‘‘H“N, with acid radicles s.g. O'H’NHCl =• 
C*H*NC1 They nre all soluble in water and alcohol, and most of them crystalhse 
with great facility: hence the name ciystaUtne, originally apphed to aniline Aniline 
salts are mostly eolouiless, hut turn red when exposed to the air, especially if they ,ire 
moist, acquiring at the same time a faint odour. With hypochlorito of calcium and 
chromic acid they exhibit the colour-re.iction8 already desoiibed (p. 422), and when 
mixed with an acid, colour flrwood and elder-pith deep yellow. 

Acetate of Aniline is uncrystnUisable. 

lixe bromhydrate or hydrobromate, G’H'NHBr, forme well-defined crystals 
usually having a violet tinge, and somewhat less soluble than tha hydrochlorate. It 
may he sablimed without decomposition. 

The butyrate is an oily s.alt, sparingly soluble in water. 

Carbonate of Aniline does not appear to exist a 

Chlorhydrate or Hydrochlorate of Aniline, C“HTif,HCl or C*H*17C1, forms 
needles very soluble in water and alcohol, and capable of subliming without decompo- 
sition It forma mHrtncldonde of gold a yellow precipitate which quickly turns brown; 
Vitlx plaiimc chloride in cold coneentratod solutions, an orange-yellow orystallma pnlp ; 
and ill dilute or w.irin solutions, beautiful yeUow needles of the chloroplatmate, 
2U'’H«KCLPt‘''CP 
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Citrate of Aniline, &WSGI‘'B?0’' Qi 0“H“N yO*. — An dcoholic solution of 
E? j 

1 at citao acid mixed with 1 at. aniline containing a amaUqumtily of water, dries up, 


triturated with a small quantity of alcohol, the liquid squeezed out through linen, the 
residue dissolved in strong alcohol, and the solution leftover oil ofvitnol Ullit crystal- 
lises It forms slender needles united in rounded groups, melting at a temperature a 
httlo below 100°, very soluble m alcohol, and still more in water. Heated to a tom- 
pcratuie between 110° and 160°, it gives off water and yields citranilic acid (i. 100) 
The dibasic and tribusie citrates -of anihne do not appear to crystaUise (Pebal, 
Ann Oh. Pharm. Ixzxii. 91.) 

Fluoaihcate of Aniline appears to he produced by the direct combination of ani- 
lino with fluoride of siheon, 93 pts of anihne absorbing C3'3 pt.s. of the gas, and forming 
a slightly y eUow mass which may bo sublimed, dissolves sparingly in hoibiig alcohol, end 
IS deposited thereftom in small shining laininm. Water decomposes it, separating 
gelatinous silica. When moistened with ammonia, heated, and calcined, it leaves hut 
a veiy slight residue of silica. Laurent andPclbos (Ann Oh. Phys [3]xxii 101), 
who prepared this oompoimd, regarded it as pheOTl-fluosihcanude or tiuosiheamlide 
lodhydrate or Eydriodate of Aniline, C'H'NI, forma needles very soluble in 
water and alcohol, less soluble in ether. 

MelUiate of Aniline. Aqueous anihne forms with aqueous melhtio acid a turbid 
liquid which gradually deposits acidoB resembling heuzoio acid These crystals dissolve 
easily in water, also in hot alcohol, hut the salt no longer ciystallises therefrom. It 
turns yellow at 106° and gives off anihne. It appears to he an acid salt, C''H(0®H*N)0^ 
Nitrate of Anihne, C“H’N.NHO*, separates after some time from a mirtiu'e of 
aniline and dilute mtno acid, m concentric needles, which may be pniifled by pressure 
between folds of bibulous paper The mother-hquor is red, and an efaorescence having 
a fine blue eolom forms on me sides of the basin. Tho ciystala do not suffer any loss 
of weight at 160°i at a somewhat higher temperature, the salt snbhmes unaltered, but 
at 190° water is given off, together with a tarry hquid from which nitranilme may be 
extracted by hydroohlorio acid (Bichamp, Compt, rend. lii. 600) 


The salt heated with aniline is converted mto nitrate of roaoniline (see Appendix to 
PnnNrtiAMiNBS With aqueous chloride of iodine containing a slight excess of iodino, 
It yields a bluish-green precipitate, quickly turning black, and eontainmg (a) a sub- 
stance soluble in sulphide of carbon, and crystaUiaing there&om in nearly colourless 
needles containing 16 7 per cent, carbon, 1 07 hydrogen, 00 23 iodine, 3 22 nitrogen, 
and 13'82 oxygen, (6) a purplish substance crystallising in laminae, insoluble in sul- 
phide of carbon ; and (o) a dark-oolourod amorphous body The same products are 
obtained by tlie action of chloride of iodine on the oxalate, and probably mso on other 
salts of aniline. (Stenhouse, Chem. Soe J. xvii. 328.) 


_ Oxalate of Aniline, 2C'H’N.C=H«0* = 0=(C»H«H)'0^— A boiling alcoholic solu- 
tion of oxalic acid saturated with aniline, yields a magma of ciyatale which may he 
purified by washing with alcohol, and pressure between paper Erom a hot saturated 
aqueous solution, the salt cry.stallises in stellate groups of oblique rhomboidal pnams 
It lb anhydrous, moderately soluble in hot water, sparingly soluble in alcohol, insoluble 
in ether. The aqueous solution becomes acid spontaneously and deposits a brown 
powder on exposure to the air When heated rather strongly, it gives off anilme, water, 
cai'bouic oxide and carbonic anhydride, and loaves a residue coutaming diphenyloxamide 

306) perfectly prae oxalate of anilino may be heated 
in me oii-oaiu uecweeu lou” unci 180° without fusion and without production of 
pheuyl-formamide, the residue, which is perfectly white and eiystalhnc, consisting 
wholly of chpheriyloxamide , but oxalate of aniline in a less pure state yields phenyE 
fonnamide ns well as diphenyloxamide. 

Fhenyloxamate or Oxanilate of Aniline {adi), C‘‘H'>(C“IEI!I)HO''.C»H'NO“. — 
Thi« salt 16 obtained by frequent rcerystalhsatioii of the brown crystals which are de- 
posited from the solution of tho crude product of the action of oxalic acid upon anilmo 
in boiling water It retains a brown tinge even after repeated erystalhaation, and 
forms confused, often interlaced needles, destitute of lustre, sparingly soluble in cold 
water, easily in boiling water When he.ited it gives off aniline and the products of 
decomposition of phenyloxamic acid The solution mixed with hydi'ochloric acid does 
nut deposit phenyloxamic acid. 
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PhenplBUl^hamate or Sulphamlate of Amline, seporatea a aolution of 
phenylaoipbaimc acid in water containing anUine, the liquid flrat howerer depositing 
unnltered phonylsulphamic acid. 

PJiospkatea of Amline. — a. Ojiltoplmsphaics . — a, Dtamho, G'’H”N®PO* = 
(C“H“N)*lo’. — Concentrated phosphoric acid snperBatnrated with amhne, aoUdiflea 


immediately in a white crystalline ninsa, which, after being pressed, diasolred in a largo 
quantity of ’ ■ ' ' ’ ’ a hot filter, and cooled, yields flesh-coloured, 

n.icreoua, ir . ■ ■ redden litmus , they must be pressed be- 

tween paper and dried on a warm tile. At 100° they turn rod and give off aniline , 
molt at a stronger heat, and finally leave metaphosphoric acid (coloured, according to 
Gerh ardt, by the rarboumtion of a smaU quantity of aniline) while the aniline vola- 
tilises They dissolve readily in water and ether, sparingly in cold alcohol, but so 
abundantly in hot alcohol, that the liquid sohdifies on coohng. (E, C. Nicholson, 
Ann. Ch. Pharm. bs. 213.) 

(poy-'i 

fl. ilopo-amhe, C'’H'“HPO‘ = G“H®N>0“ — The aqueous solution of the salt a 
H’ J 


mixed with phosphoric acid till it no longer precipitates ehlondo of barium, yields, in 
a few hours, after evaporation over the water-bath, white silky needles, which must 
be cooled with other and dried on a warm tile, they turn red in the air, and dissolve 
readily in water, alcohol and ether , in water, however, the salt a is formed at the 
same time. (N ioholson ) 

(prO^r J 

i. Pyrophosphate, C'*H'*N’P-0MI'0 =(C"H’N)’ >0< WO — Concentrated pyrophos- 


phoric acid obtained by docomposing pyrophosphate of lead with sulphuretted hydrogen 
forms with excess of anilmo, a geUtinoiis hardanmg precipitate which is a nnsture of 
tetranilie and diHUihc salt. The former cannot ha prepared in the pure state, hut the 
diamlic salt is obtained by heating the niixtura tdl solution takes place, supersaturating 
with acid, and ev.iporating over the water-h.itli, as a mass of needle-shaped crystals 
winch must he pressed between paper, wa.shed with etliar, and diicd in vacuo The 
silky needles resemble sulphate ot quinine, arc strongly acid, turn red on exposure to 
the aus both in the solid state and in solution, and are soluble in water, but quite 
insoluble in alcohol and ether (Nicholson.') 

Mdaphosphate, C'H'NPO" = 0 —The ooncentriited solution ofglacialphos- 


pliorie acid added in largo oxcees to uuilino or to its solution in alcohol or ether, throws 
down a white jelly, wliiou must he washed on the filter with ether tiU the odour of 
anilrna disappears, and dried in vacuo oi er oil of vitriol It is a white amorphous 
mass, which reddens litmus, becomes glutiuoiis and rose-coloured on exposure to the 
air, and dissolves in water, but is quite in.solulilc in alcohol and ether The aqueous 
solution IS altered, by boiling m consequence of the formation of orthophoaphoria 
acid ; it dissolves motaphnsphato of silver, but uftorwurds tons red on boiling the 
silver-salt being partly redneed. (N icholson.) 

Picrate of Aniline — The lemon-yellow precipitate which an excess of of alco« 
holic picric acid foims with aniline, dissohos in boiling alcohol and erystadhses on 
cooling 

Pyrotai Irate of Amhne is a cryetalhaable salt, the solution of which dries up 
to a brown syrup. 

Suectnate of Aniline forms thin oblique rectanguliir prisma of a pale rose colour. 

Sulphate of Aniline, (G“H"N)-SO* — A niixtnro of aniline and sulphuric acid 
immediately Bobdfies to a crystalline pulp which must be pressed and purified by re- 
crystalbsiition. The salt is easily soluble in water, Icsh soluble lu dilute alcohol, still 
less lu absolute alcohol, insoluble in ether An iilcoliolie solution saturated at the 
boiling heat solidifies on cooling. It may be heated to 100° without alteration Wlieu 
carefully raised to a higher temperatnre, it gives off water and aniline, and is converted 
into phuaylsluphamie acid. At a stifl higher tempiu-ature, it suffers further decompo- 
sitioii, gives off sulphurous anhydride and sulphite of amluio, and le-ives charcoal r 

Sulphite of Aniline is obtained ns a radiate crystalline muss, hy treating aniline 
with sulphurous anhydride ( f moist) 

Sulphobensola te or Sulphopheni/late of Amli ne, C“H“(G"H»N)S0'', obtained 
by dropping iinilme into a hot solution of sulphohenzolio acid (j v ), crystallises iti 
long silky needles arranged in stoHale groups, and generally exhibiting a reddish tint. 
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They molt at 201°, and the fnsed salt solidifies in a stellate crystalline mass , it 
sublimes below the molting point in cnlourlosa crystals Dissolves readily m water 
and alcohol, sparingly in ethei, (Gericke, Ann Oh. Pharm e 217) 

Sulphoci/anatp of Aniline^ O’H’N CNHS — Aqueous sulpliocyanic aoid satiii'- 
atod with aniline deposits on evaporahmi, rod oily drops which gradually solidify in 
the crystalline form. The cryst.il lino mass melts when gently heated, then gives off 
sulphuretted hydrogen and sulphide of ammoninm, with violent ebullition; and when 
more strongly lieatsd, yields an oily distillate of sulphide of carbon and sulphide of 
ammonium together with diphonylsulphocarbamido, and leaves a pule resinous residue: 
2(CTH'N.CNnB) = C'"H'»N^S + CN-ffS. 

Dliihonyl-siijiilio- Siil|)lincynnnta 

But the latter is further resolved at the given temperature into sulphide of carbon, siU- 
plude of ammonium, and a residue of melloue, to which however an aniliue-eomponnd 
adlieres. (Laurent and O-orhardt) 

Tartrate of Antline. — ^Aquooiis tartaric acid solidifies in contact with aniline. 
The salt oi-ystallises from hot water in noodles. (Hofmann ) 

Compounds of Amhne with Metalhc 8all $ — ^AniUno nnites directly with a con- 
siderable number of metallic salts forming eompouniD which may be regarded as e,hlo- 
rides, sulphates, &o., of phenylBmmoniums containing metals Gerhardt, ^ treating 
aniline with mercuric chloride, obtained the salt 2C"H’N Hg"0P or C‘’E'“Hg"N“ CP, 
and a siniilav compound with chloride of palladium More recently this class of com- 
pounds has been examined by H Sohiff (Ann. Oh Pharm oxxv 360 ; cxxvii. 337. — 
Bull, Soe Chun. V. 65), who has prepared a considerable number of them. They maybe 
represented by the general formula 

MW ^ 

«G«H'N .MWX» = (C«H')» LN” X" ; 

H=» f 

ill which MW denotes an n-atomio metal, and X a monatomic aalt-radide, such as 
Cl, NO®, &c., X'* being of course replaceable by X", X® by X'", &o. «. g, t 
Sulphate of Zincodiphenyl-diammonium, 2C“H'N Zu"Cl® = (C‘'H*)®H'’Zn''N® Cl*. 

Chloride of Stibio-triphenyl-triammomum, 3C“H’N f5b"'Ol® =■ (C“H*)“H“Sb"'N® OP. 

Chloride of Stumiieu-tetraphenyl.tetr.im-) 4 c«h7N.Su''C 1‘ = (C"H‘)-H®Sn‘'N® CP 

monium, \ ' ' 

These salts are colourless, permanent in the air, and erystallise well Some of them 
are soluble in water; some may be fnsed, sublimed, or distilled without decomposition. 
For the description of the individual compounds, see PHBim.Ajiitoitiujis. 

Substitution-ubbivahvus or Aniline. 

The derivatives of monophenylamine or aiiil:no,*^'' 2 *|H, maybe arranged in two 
well-defined groups, namely, 1. Those which are formed by substitution of bromine, 
chlorine, cyanogen, iodine, mtrogen or mtryl for one or more atoms of hydrogen 
belonging to the phenyl-radicle C“H*, e.g. bromantUne, ^'^tiUramlzne, 

C®H®(X0®)®jj,_ 

2 Those which are formed by substitution of aleohol-radicles or acid-radicles 
C»H‘) 

for the extra-radical or typie hydrogen, eg. ethglaKilme, C®H®f]Sr, ^henylaoetamide, 

H?) 

C'H®-) 

CPH®0tN, &o. 

H i 

I. DEMVATrvES or AnTLINB rOUMBD BT HEPLAOEMBlilT OP HlTOnOUEH WITniN THE 
PHEim.-BADICLE 

The radical hydrogen of amlme may he replaced, to the extent of 1, 2, or 3 atoms 
by ohlonne, bromine, or nitryl The trichloio- and tribromo-eompounda are formed 
by the direct action of chlorine or bromine on anilmo, those containing only 1 or 2 
at. emorine or bromine, as wbU as the nitro-componnds, are not obtained directly from 
anihne. These substitution-compoimda are less basic m proportion to the number of 
hydrogen-atoms replaced Mono- and di-bromo-phenylamine are basic; so likewise 
ate the monoehloinnated and mononitro-compounds ; but the tribromo-, diehloro-, 
triohloro-, dimtro- and triniteo-phenylamineB are neutral. One atom of radical hydrogen 
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in aniline may also be leplaced by iodine, and by cyanogen. lodophenylamino, CWIN, 
is obtained by the direct action of iodine on aniline ; and cyanoplionylainine or 
cyanilide, G'HW — G*H“(CN)N, ty tlutof ehloridoof eytmogou on an etlioreal aoUitiou 
of aniline cooled by ICO lodophenylamino is basic ; cyaiiophenylMiiine i.s neutral. 

In connection with the last-mentioned compound must also be mentioned a base 
called cyan aniline, produced by the direct action of cy.inogan on aniline, and con- 
taining O’H’M* =» 0‘H'N.Cy, that is to say, tho elements of cyanogen and aniline 
united witliont elimination of hydrogen. 

There is also a group of compounds called azophenylamines in irbiob 1 at. 
nitrogen takes the place of 3 at hydrogen. 

The monochloro-, bromo-, and nitro-phonyhimmea are susceptible of two isomenc 
modifications. 

I. Axopheni/lamtnea. 

These axe bases produced by tho action of nitrous acid on aniline, and on the 
bromo-, chloro-, lodo-, and nitro-pbenylamines above mentioned, and derivable there- 
from by tho substitution of 1 at mtrogen for 3 at. hydrogen. They may also be re- 
garded as formed feom benzene, G'H”, and its derivatives, broraobenzeno, nitrobenzene, 
&o.,by the substitution of 1 at nitrogen for 1 at hydrogen , and this is the view of their 
constitution entertained by Griess, by whom they have all boon discovered and 
investigated (Phd. Trans. 1864, PU in p. 667). 

Azophenylamine* or AzanlUne, COTN® = gj IN, or Diaeobensene, 
[■ — obtained as a nitrata. 1. By the action of nitrous acid on 
nitrate of aniline ; 

O'H’N + NHO* = C«H<N^ -!- 2ff0 

Niti'ato of aniline ground to a paste with water is submitted to the action of nitrous 
acid gas m a vessel externally cooled so os to prevent the temperature riemg above 
80°. The salt then gradually dissolves, and as soon as it has all disappeared, the solu- 
tion is filtered to remove traces of a brown resin, then mixed with 3 vol sti’ong alco- 
hol, and ether is added to precipitate the nitrate of azophenylamine. The precipitated 
rayetals are soporated from the mother-liqiior by filtration, and decolorised by solution 
in cold dilute alcohol, and reprecipitation with ether, 

(G'H*)') 

2. By the action of nitrous acid on azodiphenyldiamine, N"' >N®, dissolved in 
H J 

ether and mixed with nitric acid 

C>«H>'N» + NHO» + 2NHO» = 2(C«H*N».NHO») + 2BP0. 

Azoili^henyl- Kitrate of azophenyl- 

3 By the direct action of nitrous acid on aniline mixed with 4 vol. alcohol, in which 
case It is probable that azodipbenyldiamine is first formed (p. 460) and then converted 
into nitrate of azopbenylamme as above. 

4. By the action of nitrous acid on nitrate of ethylamline ■ 

0"H»(C*H»)N.KHO» + NHO» = C»ffmNHO» + C*H«0 + H'O. 

A very concentrated solution of nitnita of azoplienylanune mixed ivith very strong 
caustic potash and eiaporuted over the water-bath, yields a compound of azopheny- 
lammo with potash, C“HW.E1H0 ; and tho aqueous solution of this compound mixed 
■svith acetic acid, deposits azophenylamine as a thick yellow oil, hoving a peenhar 
odour, and remarkable for its extreme instability. It soon begins to give off nitrogen, 
and is rapidly converted into a brownish-red substance , the decomposition is attended 
with considorable rise of temperature, which, when large quantities are concerned, may 
give rise to dangerous explosions. Ether dissolves it instantly, with violent evolution 
of gas, and forms a red solution 

CoMEOumis OB' AzopgEKCT.AiitiKE — Axophenylaiuine unites both with acids, and 
with other bases organic and inoxgame ; but tbe compounds are best obtained by 
indirect methods 

Xrom%ne~componnds . — ^The hydrohromate, G“H'‘N'‘,HI3r, is prodneed, together 
with tribromanihne, by the action of bromine on azodiphenyldianune, as shopm by 
the equation . 

+ Br» = C"H*N=HBr + OWBrW + 2HBr, 
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On adding an ethereal solution of bromine by drops to a moderately strong solution 
of .irodiplicnyldiamine, n crystallme precipitate of bydrobromate of azophenylamiiie 
is produced, while tribvomanihne remains in solution. The crystals must be quiclcly 
washed with ether and dried OTor oil of yitriol. 

Kydrobiomato of nzophenylamine crystallises in white nacreous scales easily soluble 
in water, leas soluble in alcohol, insoluble in ether. The solutions have a strong acid 
reaction The s.ilt is very unstable, deeomposmg spontaneously with a peculiar odour, 
and exploding ivlth violence by_ heat, friction or pressure The aqueous solution treated 
with moist chloride of silcir yields bromide of silver and hydrochlorate of azophenyl- 
aniiuo or chlondo of azophcnylammonium. 

Bromoplutinate, 2(C“H'NM[Br)i’t*''Br<. — Obtained as an insoluble reddish-yellow 
precipitate on mixing platiinc bromide with aqueous nitrate of azophanylamme. It is 
decomposed by heating with carbonate of sodium, in the same manner as the chloro- 
platinate {infra) yielding bromobenzeue. 

Perbromide of Azophenytamnomum, ^ |brBr*. — This com- 

pound, probably analogous lu constitution to the tri-iodide of tetcetbylammoninm, is 
produced by the action of bromine on nitrate of azophenylamiuo. On adding a small 
quantity of bromine-water to an aqueous solution of the nitrate, a white crystalline pre- 
cipitate of tribroniophenio aeid is usually obtaineM, owing to the presence of a siiioll 
quantity of phenol formed from the decomposition of the nitrate hy water. On re- 
moving this precipitate as quickly as possible and adding a large excess of brnmine- 
waterto the fllwate, perbiomideof azopheuylammoninm separates as abrowmsh-redoil, 
which when separated from the mother-liquor quickly soltdifles iii a crystalline mass , 
it may be puriflod by washing with ether, or by dissolving it in cold alcohol, leaviiig 
the solution to evaporate spontaneonslyi in shallow vessels, and then washing the 
residua with a little ether to remove an oily product of decomposition 

Perbromide of azophenylaramoiiinm crystallises in yellow plates insoluble in water, 
rather difficultly soluble in alcohol, insoluble in ether It is comparatively stable.in 
the dry state, but decomposes qiiicHy in aloohoho solution. "When heated it gives off 
biomine and nitiogon and is converted mto bromohenzene . 

C^H^HIBr* = CH^Br + -l- Br’. 

In decomposing large quantities of the perbromide in tins manner, it should be 
mixed with carbonate of sodium, otherwise a moleut explosion is likely to occur. 
Broraobenzene is hliewise formed on heating the perbromide with nlcobol, and separates 
as a heavy oil on adding water to the solution 

With aqueous ammonia the perbromide yields azophenylene-diamine (diazo- 
bouzolinudo of driess) and bromide of ammonium . 

C“HWBr» + + 3lIH<Br 

Terbromida Aiophenylene-dlainlne. 

Chlorine-compounds — ^The hydroohlorate is obtained by treating an aqueous 
solution of the nitrate with moist chloride of silver, 

Gkloroaurate, C“II'‘N^ HCl AuOP. — Obtained on adding trichloride of gold to an 
aqueous solution of the nitrate, as a light yellow aystiilliue precipitate insoluble in 
water, but soluble in alcohol, from which it crystallises, on coohng, in small golden 
yellow plates, it cannot however be reerystaUised without loss, and le completely 
decomposed by continued boiling with alcohol. 

Sulphydnc acid gas passed through water in which this gold-salt is suspended, con- 
verts it into trisulpludo of gold, and a volatile oily hquid isomeric with phenyl- 
mercaptan (p. 418 ) ■ 

+ ffS -= C«H“S + IP. 

This liquid has an odour of mercaptan, but is not precipitated by acetate of lead or 
nitrate of silver. A small portion of the azoplionylainino undergoes at the same time 
a different decomposition, resulting in the formation of anilme . 

+ 3H»9 = C»H’B + KB’ + S». 

SulplSydric acid passed over the gold-salt spread in a thm layer over the inside of a 
glass tube, decomposes it into hydroehlonc acid, trisulphide of gold and azophenyl- 
amine ; the decomposition of larger quantities is attended with explosion. 

Chlaroplatmate, H.Gl),]?t‘''Gl* — Precipitated on adding platinic chloride to 

a rather concentrated solution of the nitrate, in fine yellow prisms almost insoluble in 
alcohol and ether. They are moderately stable, but when kept for some time acquire 
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a trownish coIoth, and are gradnally bat complrtely decompoard. Tlie aalt defla- 
grates when heated, but if mixed with a largo excess of oarbouate of sodium, banum, 
calcium, &;e , and heated in a sand-bath, it la quickly decomposed into chlorobenzene, 
metallic platinum, chlorine, and nitrogen 

2(G“HW.HGl)PtW = 2C“H'>C1 + Pt -t- CP + m 
Nitrate of Asophenylamine, C“HWNFO“. — I'liis aalt, tho preparation of 
which has been already described, crystidhses in long wluto needles very soluble m 
water, leas soluble in alcoJtoI, almost insoluble in fthu, andm bnicenr. It may bo 
dried without alteration oxer oil of ntnol ’When heated even below 100°, it explodes 
with fearful violence, far surp-issuig that of fulminating mercury or iodide of nitrogen. 
The explosion of a gramme of it causes a concussion like that produced by flrin^ ii 
pistol, a somewhat larger quantity exploded on an iron slab sevorul lines thick 
smashed it to atoms i’rictioii, pressure and percussmu also cause it to explode Tho 
smallest particles of it aceidentully dropped on the floor of a room, and trodden upon 
when dry, give nse to ii senes of explosions attended with flashes of hght. 

Nitrate of azopbenyiamine is resolved by boding with water, into phenol, nitric acid 
and free nitrogen . 

G“HW,NHO» + H*0 = GOTO + NH0“ + m 

By distillation with alcohol, it is resolved into dmitropheuio acid, benzene, and 
aldehyde, together witli water and free nitrogen : 

2{C®H<NMiIHO’) + C^H»0 = C»H‘(N0“)*0 + C«H» + C'-H>0 + H*0 + m 
A cold aqueous solution of tho nitrato left in contact with levigated mihonatc of 
ianum, slowly gives oft’ mtiogon and is converted, after some days, into a mixture of 
two compounds of azophenylamine with phenol viz 0'^H'“N‘0 = C®H^N“ G'n'O and 
O^H'^N'O = 2C“H’N- ClI'O {vid. vif), tho mode of tlieir formation being as follows ; 
2C»H'N2 + H’O =. C'*H'"N^O + 

3C«HW + H=0 =. 0*»H'‘N'0 + m 

Dn mixing very concentrated aqueons nitrate of azophoiiylamino and cansiio potash, 
a oompound of azophenyliimine with potassio hydrate, C'H'NMCHO, is pioduoed ; but 
on mixing dilute aqueous solutions of the two bodies, a yellow liquid is obtained, which 
has a pecuhor odour, soon begins to give off nitrogen, and deposits a reddish-hrown 
substance having the composition C”H'*N’0 : 

4C«hW + H’O = C«H'«N=0 + 

Tho reaction is very slow at common temperatmiea, but takes place quickly on heating 
the liquid, the reddish-brown substance being then separated as a resinous semifluid 
mass, quite insoluble in water, only slightly soluble in alcohol, even at the boiling 
heat, but easily soluble in ether, and remaining as a resin on ovaporating the ether 
Its powder is strongly eleetrie. When boiled with nitric acid, it yields a yellowish 
crystalline body 

Jicohohepoiash 0&.d.eA to i\xB aqueous nitrate of azophcnylamino produces a more 
complicated reaction, yielding benzene and phenyl, m addition to tho reddish-brown 
substance • 

C«H'N* + C'H»0 = C»H» + C^H'O + 

Azophonjrl- Alcohol honzenc Aldohjclo 

2C"H'N’ + G'H'O ~ + 0«H*0 + 

Phenyl 

On heating the liquid in a retort, the benzene passes over with the alcohol and may ho 
separated by addition of water, while the phenyl, being leas volatile, distils over after 
tlie alcohol and crystalhses in the receiver. It melts at 70°, and resembles in every 
xe.spect the phenyl obtained by Fittig (p 409). 

Dilute aqueous ammonia added to an aijueons solution of nitrate of azopbenyiamine, 
forms a brown mass separable by alcohol into ao easily soluble and a sparingly soluble 
portion. The latter is identical with the oompound G“‘H‘*N”0, produced by the action 
of potash; the former is azodiphenyl-diamine, produced as shown by 

the equation ; 

2((?>HW.jNrHO») + 3NH» = C*»B1W + 2(NffNO»), 

With bromne, nitrate of azophenylamino yields perbromide of azophenylammoninm. 
"With aunc asAplatimc chlorides, it forms precipitates of the chloroaimate and chlorg- 
platinate of azopbenyiamine 

"With anitefjnaqiieoussolationitforms azodiphenyl- diamine and nitrate of anilinq- 
C»HW.NHO’ + 2C“H’N = + C^H’N.NHG". 
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Nltrsta of ^xybaniamlc 
u water, very 


In liko manner witk liromamhne it yields bromazodiphenyldiaimue, C'®B;‘"BrN“; and 
■(nth nap/Uhylaimne, it forms azonnphthyl-phcnyl-diammo (see PHEirxL-DiAMmES, p. 

^ ^ (C’WN'TjN. 

Oxvhemamate of Axophenylamine, C'“H*’NW = C"H*llhC’H’NO’ or 
Jsophcnyl-oxybemamie add, (C'H^O)' >Q—Diasobm0<iUartadobmzoicacid(GvieB&). 

Ohtaiiiod by mixing an aqueous solubon of 1 at. nitrate of azophenylamine -with 2 at. 

oxybermimie acid, separating as a yellow crystalline precipitate, the ethereal solution of 
■which deposits yeUow crystals, to be purified by -washing with cold water • 

• CWN^NHO^ + 2C’H’NO» = C'WNW + C’H’NO’' NHOh 

Nitrate of Aio- Oxjben 

phenyliimlne. «cl: 

Tt forms small indistinct plates „ 

sparingly soluble in aXoalml, easily soluble „ _ - 

and is rapidly decomposed, with violent evolution of gas. Cold dilute mineral aoida 
act upon It but slowly, but decompose it speedily with aid of heat. Acetic acid even 
when highly concentrated has no action upon it in the cold, but destroys it when heated. 
Elutions of ammonia, potash, md carbonate of potasmm dissolve it readily, with 
yellow colour. 

Anophenyl-oiybeuzamio acid exhibits, with bases, the behaviour of a dibasic acid, 
uniting with them ui two preparations, AE its salts are comparatively stable, those 
wluch are soluble iu water, the potassium-salt for example, wiU even bear recrystal- 
bsation, With the oxides of silver and banum it forms insoluble precipitates 

Like most amie acids it exhibits basic as weU as acid characters On mixing its 
ethereal solution with an alcoholic solubon of platinic cbloiide, a clUoroplaiinate, 
2H01.Pt‘’Clh is preoipitoted in small mdistmct yellowish-white plates. 

Azophenylamine forms similar compounds with pai aoxybenzamia acid (p. 362), 
axyamsamia acid, &o., which are obtained in like manner by acting on nitrate of 
azopheuy lamina with the respeebi e acids. 

Fhenaies of Acophonylamtne. — Two of these compoimds, containing respect- 
ively the elements of 1 and 2 at azophenylamine with 1 at. phenol, we produced, ns 
already observed 432), by the aobon of carbonate of barium on a cold aqueous solution 
of nitrate of azophenylamine Nitrogen is then_ slowly evolved, and a reddish-brown 
mass 18 formed, consisting of the two compounds just mentaoned together -with the excess 
of carbonate of barium ; and on filtering off the solution containmg nitrate of barium, 
removing the excess of carbonate by hydrochloric acid, and treating the residue with 
’’ ’ ’ ’ ■’ ’ ‘ ■ ■' ’ ■■ "phenol dissolves out. 


, _ „ , _ X ovAzodiphenylainto acid, 

^ JO- — pubfy this compound, the alcoholic solubon obtained as above is 
evaporated, the residue is treated -with ammonia, and the deep yellow solution after 
being filtered, is decomposed with hydrochloric acid. Azodiphenylamio acid is then 
precipitated in crystals which may be further punfled by repeated erystallisabon from 
weak spirit It is almost insoluble in cold water, slighby soluble in boibng water, from 
wluch It oiyatallises on cooling in smaE but well-formed rhombic prisma of a fine 
yellow colour -with a tinge of -violet Prom alcohol and ether (in which it diesolves 
very easfly) it usuaEy crystallises in brittle browmsb-yellow nodules It melts at 
148° to a brownish-y^ow oE which cannot be volatilised without decomposition, but 
IS destroyed at a highai- tempei.iture, with formation of yeEow vapour. 

This compound possesses Mght acid properties, and forms saluio compounds with 
certain metals, but it is not capable of decomposing cai'bonntee. On evaporating its 
Bolution with aqueous ammonia, the whole of Eio ammonia is dnven off. It forms a 
scarlet precipitate with nitrate of silver 

^j^tinylarmc Fkenate, C‘“H'-'N*0 »= 2G“B[WOB''0, or Azotnphmylamic and, 
|o compound may be obtained pure by reraystaUising the less 

soluble portion of the reddish-brown substance above mentioned, once or twice from 
strong alcohol, then dissol-ving it in ether, and leaving the solution to evaporate. 
Sometimes boweror it is contaminated -with traces of another substance, to remove 
winch it must be dissolved in caustic potash, and the filtered alkaline soliitiou precipi- 
tated by hydrochloric acid It crystaUises in browuish-red needles or plates, easdy 
soluble m ether, sparingly in cold alcohol and in hot water. It melts at 113° and 
VoL IV. P P 
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decomposes at a higher temporntnrc hire tho preceding compound. It is nearly neutral 
hut dissolves easily in 'pniash, forming n mhy-red solution, 'with difficulty in aqueous 
aimtmma, and not at all in aqueous e.irhonato of potassium It is likewise insoluble in 
dilute acids, but dissolves iu eoucontrated acids, formmg blood-red solutions which 
decompose when heated 

Sulj)hate oj Azophenylaimne, SH“0*, This salt may he obtained by 

the action of nitrous acid on sulphate of aniline suspended in water, or more eou- 
vemontly by treating a concentrated nqueons solution of the nitrate -with dilute sulphurio 
acid, mixing the resulting solution with 3 vol absolute alcohol, end then with ether, 
which causes the sulphate of azopheiiylamino, together with some water, to separate 
in a layer at the bottom, while the liberated nitric ueid, together with excess of sul- 
phuric acid, remains mixed -with the Bupernatant alcohol and 'ether. This latter is 
decanted, the solution of the sulphate once more treated with absolute alcohol and 
precipitated by ether, and the precipitated liquid placed in flat dishes over oil of 
■vitriol It then solidifies to a magma of crystals, which must be washed on a filter 
with a mixture of alcohol and ether, to remove any traces of sulphuric acid and phenol 
produced by partial decomposition of the sulphate, then dissolved in cold weak alcoho], 
precipitated by ether, and the crystals qtueltly dried over oil of vitriol 

Sulphate of azophenylnmuie crystallises m prisms, which dissolve readily in water, 
with difficulty in absolnfe alcohol, and not at all in ether. The aqueous and alcoholio 
solutions decompose, with evolution of gas, on boiling When exposed to the sir, the 
salt rapidly absorbs moisture, becomes liquid, and gradually decomposes When 
heated alone, it deflagrates feebly at about 100°. 

Sulphate of azopheiiylamino heated with concentrated sulphuric acid, gives off the 
■whole of its nitrogen and is converted into disulphopheuylonic acid, C'H'S'O’m 
G“H'‘ 2SH*0'‘ (see Sm.pHBtuc Ethers) : 

C'H'N'SH’O* a- SU'O^ = C»H®S»0‘ + 

CoMfoTTuna of Azophbnviaminb tnTH Bases — « With Hydrate of Potassium, 
KHO On adding n very concentrated solution of nitrate of azophenylumme, 
drop by drop, to strong aqueous potash, a yellowish liquid is obtained, having a 
peculiar aromatic odour and solidifying by evaporation over the water-hath to a 
erystallme mass, which is a mixtnre of tho compound of potiissio hydrate and 
azopheiiylamine ■with nitrate of potassium, and a brownish-red body, the result of a 
secondary reaction. The crystalline mass is put into a strong linen oloth and well 
squeezed between porous stones, to remove tho excess of potash , the dry cake is then 
treated with absolute alcohol, •which readily dissolves the compound of potntsie hydrate 
and asophenylamme, leaving tho nilro undissolved, the alcoholio filtrate which has an 
intense reddish-brown colour (due to the above-mentioned secondary prodnet) is 
evaporated over the water-bath , and the residue is once more pressed and washed with, 
a mixture of alcohol and ether to remove the roddish-hrown substance. By again press- 
ing the nearly white cake thus obtained, dissolving it in a small quantity of absolute 
alcohol, flltenng, and adding a suffleient amount of ether, the compound is precipitated 
in small white crystals which must he immediately dried over oil of vitriol 

It eiystallises in small white soft plates, becomes reddish by exposure to the air, is 
easily soluble in water and in alookoX insoluble in ether. The solutions have a strong 
alkaline reaction. The freshly prepared aqueous solution is but slightly coloured , but 
by keeping for a short time it acquires a yellow colour, and ultimately deposits a 
reddish-yellow substance The decomposition does not appear to be much accelerated 
by boding The dry substance is very stable. When heated alone it explodes with 
a slight report at a little above 130°. 

fi. With Hydrate of Silver, O'H'N'.AgHO, Obtained as a white or slightly ehoco- 
late-eoloured precipitate by heating a freshly-prepared solution of the potassium 
compound with ratrate of silver After removing tho mother-liquor, the precipitate 
18 thoroughly washed with -water, dried by pressing between filter-paper, and finally 
over oil of vitriol. It is insoluble in all the ordinary neutral solvents. Nitric acid, 
even when cold, dissolves it -with great facility. It is remarkably stable, not exhibiting 
the sbghtest sign of decomposition even after being kept for weeks. It explodes 
with some violence when heated. 

y. With Hydrate afjBanim. Precipitated by adding the solution of a very soluble 
barium-salt to a moderately concentrated solution of the potassium-compound, in 
white, microseopie, indistinct needles or plates, which become yello-wish from gradual 
decomposition. It is sparingly soluble in water. 

S. The compound of nzopWylamine with hydrate of eim is a white amorphous 
powder, insoluble in water. The lead compound is also a white powder, but quickly 
turns yellow With auprw ssdphate a brown precipitate changing to green is obtained, 
Jlereurio chloride gives no precipitate. 
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Compounds of Azophentdamike -with otheb Oboahtc Bases — Azophcnylainme, 
Rs already observed (p 432). unites with aniliup, hromamhne, and naphtliylaTmne, 
forming compounds which have the constitution of phenyldiamines, and will he 
described under that head (p. 459). 

2. Bromophenylamines. 

WConobromophenylamlne or Bromanflliie, C'EiBrN <=. (Hof- 

mann, Ann. Ch Pharm. liii. 42. — ^E. J. Mills, Proe. Boy. Soe x. 689. — Griess, 
Phil Trans. 1884 [3], 713). — Of this base there are two isomeric modifications, a and 
0, exactly resembling one another in their chemicid deportment, but distinguished by 
certain physical properties, both in the free state and in combination with acids 

Alph.a-bromaniline is prepared 1. By heating bromisatm with potash, just as 
anilme itself is obtained from isatin (p. 420) . 

C«H'BrNO* + 4imO -= C'H'BrH + 2K»CO» + m 

The distdlation is continued till the residue is nearly dry, and gives off a brown oil 
which no longer solidifies The oily drops which passed over at the beginning of the 
distillation and have solidified m the ciyetidlme form, are then washed on a filter with 
water and reorystalhsed from boiKng alcohol (Hofmann) — 2. By diatdlmg dibromo- 
phenylacetamido (p. 418) withpotaM (Mills). — 3. By the action of nascent hydro- 
gen (generated by the action of zme and sulphntio acid) on an alcohohc solution of 
azobromophenylene-diammo : 

+ H» ^ + 2NH*. 

When, the addition of water no longer forms a precipitate, the bromanihne may be 
separated by evaporating the alcoholic solution over a water-bath, and distilhng with 
potash (Griesa). — 4 By the action of sulphide of ammonuun on B-bromonitro- 
benzene (p 416). 

fi-Bromaniline is obtauied by the action of sulphide of ammonium on a-bromo- 
nitrobenzene (p 416) 

Properties — Alpha-bromanilmo crystallises in colourless, regular octahedrons, ex- 
actly like ohloranihne (Hofmann) , that prepared from phenylaeetamide sometimes 
crystallises in needles (Mills), always in octahedrons (Gri ess) It melts at 60° 
(Hofmann), 67° (Griess); and sohdiftes again at 48° (Hofmann). In odour 
and taste it resembles ohloranilino. 

jS-bromamlme is an oil which does not solidify even in winter (Griesa.) 

Bromanihne (both varieties) is easily reduced to omlme by potamum^amdlgam. 
With excess of bromide of ethyl, it is quickly converted into hydrobromate of ethyl- 
bromaniline, C'H‘“BrN.HCl Its aqueous solution imparts a violet colour to aqueous 
Monde of lime, weaker than that produced by aniline, but stronger than that produced 
by chloramlme. Its salts colour chloride of hme red-brown and firwood yellow. Brom- 
anihne dissolves rsudily in sulphide of carbon. 

Hydrochlorate of a-bromarahne, (j'’H'’BrH HOI, crystalhsea from boiling water in 
nacreous radiated fibres, but by evaporation over oil of vitriol, in weU-deflned mono- 
eliuic prisms (Hofmann). Hydrochlorate of fi-hromaniline forms white nacreous 
brilliant plates, which are readily soluble in water and alcohol, and quickly turn red 
when exposed to the air. (Griess ) 

The Maraplatmate ofa^bromanUine, 2C“H'BrN' H’CP PWCl*, precipitated on mixing 
hydrochlorate of a-bromauihne with platimc chloride, closely resembles the corres- 
ponding compound of chloianiUne (Hofmann). The corresponding salt of l3-5rom- 
amhne crystallises in yeUow, often well-formed prisms, much more soluble than the 
slender highly-lustrous plates of the o-salt (Griess.) 

The oxalate, 2G“H“BrN precipitated from alcohohe a-hromanilmo by aqueous 

oxalic acid, and crystallised from boiling water, forms indistinct crystals, sparingly 
soluble in water and alcohol 

Slbromoplienylainlne orSibromanUlne, CHBr^B ■= (Hof- 


mann, Ann Oh Pharm. Uii. 47 — Griess, lUd. exxi. 267.) — ^Prepared 1, By 
distHlirig dibromisatin with caustic potseh, washmg the distilled and oiystalliaed oil 
withwatS, and crystallising from boiling alcohol (Hofmann ). — 2 By adding bro- 
mine to phenylaeetamide suspended in water, till it is converted into a reddish resin- 
ous mass, consisting mainly of dihromophenylacetamide ((JTPBr®)(G'H’0)B[N, and 
subjecting this product to distillation with potash. Dibromanihne then passes over 
in oUj drops which sohdify to white needles On dissolving this product in warm 
moderately strong hydrochloric acidj any tribromamline that may be present remains 
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unfliSBolved, and on evaporating the hydiochlone acid solution to dryness, and treating 
the residue with hot water, dihromanilino alone remains undissolved, while traces of 
hydrocldoralo of itionobromttniluie are taken up hy the water (Griess ) 

Large, flat, somewhat rhombic prisms, melting between 60° and 60° to a dark- 
coloured oil, which often remains liquid long after cooling, but then crystallises 
suddenly on agitation (Hofmann). Crystallises from alcohol in needles or long 
luminal, winch melt nt 79'6°. (Griess.) 

DibroinaDiline dissolves sparingly in wafer, forming a liquid which becomes turbid 
on cooling and gradually deposits slender needles , it is soluble in alcohoK It is a 
leiy weak h,ise; its solntion in acids colonrs flrwood yellow, it is precipitated by 
(ilk.ilis. It forms crystallisable salts, which however are less stable than those of 
hromiiniline. 

Tho solution of dihromanilino in boiling Jtydrochlono acid, yields on cooling, lamines 
containing 13 31 per cent hydrochloric acid ; when they are dissolved in water, part 
of the huso separates in thin oily drops ; and the solution evaporated under a hell-jaj 
over lime, which abstracts the ^ater purt of the hydrochloric acid, deposits ne.irly 
pure crystalline dibromanihne fflofmann). The hydrochlorio acid solution forms a 
’ ‘'V' . - ” • precipitate with platinic chloride. The /iy(i«>oitorafe,C“H‘BriN, 

I ibling palm-branches , the easily deeompoaihlo flatinumsali, 

'' I • •• •, in yellow prisma. (Griess.) 

TrlhromopbeDylomiue or TrlbromanlUne. C'ffBriN = 

(Fritaseho, J. pr Chem. xxviii. 204.— Hofmann, Ann. Oh. Pharm, liii. 60)— 
dliomanitmd (Britaselie ). — Preparation 1. Dry bromino is mixed with aniline in 
such proportion that the mixture aolidifies completely after .a while in the crystalliuc 
form, after w'hich alcohol is added, and also more bromine till its odour becomps per- 
m.mont The greeniah-grey crystalline imvgnia of tolerably purs tribromaiiiline is then 
separated hy filtration from the groonish-yoUow aloohohe liquid, which contains hydro- 
hromic acid and the decomposition-products of tho alcohol, and deposits more tribro- 
manilino when mi.xed with water; after which it u washed on the filter with alcohol 
and dissolved in hot alcdUol' the solution thus obtained yields nearly colourlesa 
crystals (Pritzsche) — 2 Tho aqueous solution of an anuine-salt is mixed with 
aqueous bromine, which diaappeats and produces a white turbidity and precipitation 
of microscopiemoedlea, tho addition of bromine being continued till the precipitation 
ceases and a sliglit odour of bromine remains ; the precipitated powder, which has a 
wddisb tint arising from a decomposition-product, is collected, and freed from tins 
impurity hy distillation in a small retort , and the distillate, which solidifies in a 
crystalline mass, is rcery5talli.sed from boding alcohol (Pritzsehe) — 8. An aqueous 
aoUition of hydroclilorato of btomanilina is mixed with aqueous bromine, and the violet- 
white precipitate is distilled with water, whereby snow-white crystals are obtained at 
first, but afterwards violet ciystals which cannot be decolorised by recrystallisation 
from alcohol. ' (Hofmann.) 

PrnptHus — ^Tnbromnnihne ciystallised from hot alcohol forms colourless, shining, 
long, slender needles, but when solidified after fusion, it is of a crystalline texture, 
brittle and easily pulvorised Melts at H7° to a clear liquid, boils at about 800°; 
distils over unchanged (Pritzaoho), and sublimes in radiating crystals having a silky 
lustre (Hofmann). It is insoluble iq water, sparingly soluble in cold, easily in 
boiling alcohol and ether. It is not baaie, and does not disaolvo either m dilute acids 
or iu alkalis Strong boiling mtna and decomposes it. "Warm strong sulplimc and 
dissolves it without decomposition, acquiring a purple colour from decomposition 
only when heated nearly to tho hoihng point Strong potash-ley haa no action on it, 
even at tho boiling heat. 

AaobromopheDylamlno or Diasoiramohencene, C=H''BrN° » 

(Grioea, Proc. Hoy. Soe 1864 [3] 696.)— The nitrate of this base is produced by tho 
action of nitrons acid on an aqueous solntion of nitrate of bromaniline or an ethereal 
eohifionofazobromodiphenyl-diamine, just in the same manner ns azophenylaiinne is 
prepared from nitrate of aniline or irom azodiphenyldiamme (p 429), In the former 
case tho nitrous acid gas must bo p.i3sed very rapidly at first , otherwise azobromodi- 
phcnyldiumine will be formed, which is very difficult to convert into nitrate of azo- 
bromophenylamino in an aqiiooue solution. The product obtained, by eitEer process 
maybe punfled by repeated solution in alcohol and precipitation with others 

Tho concentrated aqueous solution of the nitrate treated with ationg caustic potash, 
yields the compound C»H»BrH».KHO, from which the azohromophenylamine 
may he_ separated by dilute acetic acid in slender bright yellow needles. It may also 
be obtained as a bright yellow amorphous precipifato by adding potash to the aqueous 
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Bolulion of the nitrate. In either case it must be quickly removed &om the mother- 
hquor and dried over oil of vitnol. 

Azobromopheuylamiue is a ver^ dangerous compound, the slightest pressure or oven 
contact vnth a rough object causing it to go off lu a fieiy explosion, equalling, if not 
excewhng m violoneo that of axophcnylamme. It is much more stnhle at ordinaiy 
temperatures than azophenylamine; nevertheless it does not long remain imchanged, 
and after heing kept for some time, leaves a reddish-brown residua which no longer 
explodes eieu when healed, and appeiu's to have lost all its nitrogen. Ether dissolves 
nzobromophonylamine with evolution of gas, frequently violent enough to cause explo- 
sion. Azobromophenylamine when recently prepared dissolves lu potash and in 
mineral acids 


Saxts of AzojiBOiiiomn9Kn.AMiNB. These salts may be formed by direct combina- 
tion of the ba.se with acids, hut more couvomently by methods similar to those already 
described for the preparation of salts ol nzophciiyhimiiii'. 

The hydrohromate, C“H.''BrSr^ HBr, is obtained by decomposing a solutiou of the 
Bulphiito with bronuda of barium, or by the action of an etbereal solutiou of bronuno on 
an ethereal solution of asohromodiphenyldiamine- 

0'=H”Br’N’ + Bri = C“H“BrNhHBr + -t- HBr. 

AzobroroodliilieDyl. Hjdroliromcue of Trlhromaiiilltte. 

diamine. [Aznbromoplienyl- 


It forms white sinning scales, very soluble in water, loss soluble in alcohol, insoluble 
in ether. In the dry state it may bo kept for a long time without decomposition 
When heated, it explodes almost as violently ns the nitrate Its aqueous solution 
treated with moist chloride of silver yields the hydrochlorntc 
Th&bronioplatinate, 2(C“H’BrN“.HBc)Pt'’Br'*, is obtained by precipitation in ruby- 
red crystals, when heatedwithcarbonat.eof sodium, itsphts up as shown bythe equation- 
2(C«H'‘BrN'.HBr)PtBr< = + Br' + + Pt. 

Brnmoplatlnate lllbi mno- 


Fsrtiromide of Aeobfomophenylammomum, C"H^BrN-'.Bi’, is obtained, by 
treating the hydrobromate, niti-ato, or sulphate with excess of bromine-water, us an 
oiaugo-eoloured oiystalhiie precipitate; sometimee also in the propamtion of the 
hydrobromate from ambromodiphenyldmmine, in which easo the hydrobromate may 
be dissolved out fVom it by washing with cold water. 

The perbromide crystallises from solution in a small quantity of cold alcohol lu 
orange-coloured monoelinio prisms, insoluble in water, freely solubla in warm, spanngly 
in cold alcohol, very sparingly in cold ether. When heated alone or with corbonato 
of sodium it IS resolved into dibroinobenzeiie, bromine and nitrogen 
C’H'BrN'.Br* = C-HW -e Br^ + SK 
It IS also converted into dibromobenzene by boiling its alcoholic solution. With 
aqueous ammonia it yields azobromopheiiyleno-diamine,^®''®'''^^;^ [n*. 

O'H'BrNhBi-’ + 4NH= « C"H'BrN» + 3NH^Br. ^ 

In like manner with ethylamme, phenylamine, &c, it yields ethyl- and phenyl- 
azobroino-phenyleno-diamine, &e. 

Hydroohlorata of Azobromophenylamine, C‘H’BrN’HOI, is obtained by 
decomposing the aqueous hydrobromate with moist chlonde of silver. The ohloro- 
a urate, C®H’BrN' HCl AuOP, is precipitated by aiuic ehloridefrora the aqueoua nitrate 
as a yellow oil which soon sohdiflcs to a cryatalliue mass. It is insoluble in water, 
hut dissolves in warm alcohol, oryetalhsing therefrom in small golden-yellow shining 
plates. It is decomposed by Hiilpbydric acid in the same manner as the gold-salt of 
azophenylamine (p 430), The 2(C“H’BrN’‘HGl)Pt‘'GP, is pre- 

cipitated by platimo chloride from the nitrate or sulphate, in small yellow crystals 
which appear under the microscope as fractured plates and are almost msolnble in any 
neutiul solvent. They lu-e stable at 100° Heated with carbonate of sodium it yields 
chlorobromobeuzene according to the equation . 

2(C»H»BrN-'.HCl).PtCl* = 2G“ffBrGl -s Pt + CP + Nh 

Mtrate,':G‘‘W3vE^ NHO* —Prepared as above described (p 430). Crystallises in 
purs white scales or regular rhombic plates, very soluble in waler, sparingly soluble 
in strong alcohol, almost msolnble m ether. It explodes when heated, struck, or pressed, 
but not so violently as nitrate of azophenylamine. When boiled with water it is 
resolved into hromophenic acid, nitric acid, and free nitrogen • 

C»H»BrN=’ NHO^ + H‘0 = C»H“BrO + NHO" + N'. 
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Boiled with. aleoM, it yiolda bromohenzane and probably bromodinitropbenic aaid ; 
2(C<H*BrII»NHO*) + CPH«0 « Cm^Br + 0«H“Br(N0’)'“0 + 0"H‘0 


With ammonia, it foma azodibroraodiphenyldinmina, together •with a yellow body: 
aOOTBrbt* + NH» = C’ffBi’N'' + li». 


Sulvhc 


• G»H»BrN> + C'HoBrN =■ CffBaSN*; 

.yi’&L aniline, the nitrate yields aaobromodiphenyldiaminB • 

CWBtmNHO* + 2G“H’K = C‘’H'“BrN«. + O’H’N.NHO®, 

identical, or at least isomeric, -with the product obtained by the action of bromaniline 
on nitrate of azophonylamine (p 432), 

The aqueous solution of the nitrate mixed with oxi/bmsamic ac%d yields azobromo- 
phenyl-oxybenzamic acid, C'*H“BrN*0*, winch crystallises from ether in small 
roundish lumps of small needles or plates, and in every other respect is similar to 
nrophenyl-oxybonzamic aoid(p. 433). 

Sulphate of Azobroniophenylamine, C“H*BrN*.SH*Oh obtained by the action 
' *iunc acid on the nitrate, crystallises in lety fine colourless prisms, very soluble 
r, sparingly soluble in alcohol, almost insoluble in ether. It is comparatively 
stable, and may bo reeryatalhaed from water, without the slightest decompositiou, hy 
evaporation over oil of vitriol. It explodes by heat and is decomposed by boding iirnter. 
When heated with aulphuno acid, it is converted into a eulpho-acij, probably disul- 
phobroinoplienylenio acid, C“H’Br2SHW 
CoJEPonNns OF AzonnoiiopiniNTLAMrjri; vnTK MnTAi.MoH-niBiiES — Tlhepotaasium- 
oompomd, C‘H*BrN“ ElHO, is prepared and purified exactly like the corresponding 
compound criP azophenylamiac, from which it differs in being precipitated icom its 
alooholio soluhon by ether os a white gelatinous muss, and not in erystala 
The eUi^aedt, C'ffBrN" AgHO, is an almost insoluble precipitate, veiy similar to 
the correspotiding compound of azophenylamina (p 433) 

Aaodtbromo^ptaenylamlne or Diaiodtbromobensene, C'H’Br’N® (Griess, Phd. 
Trans. 1864 _[3J 704). — ^The nitrate of this base is obtained by paasuig a rapid current 
of nittotis acid into aqueous nitrate of dibromanihne coufaimng free nitrio acid, then 
leaving tb^olution to evaporate Bpontaneously, dissolving the residue in weak alcohol, 
and prqpptatiog with etlier. It can bo rccrystoUised from, water or alcohol by 
evaporation below the boiling points of the reapectivo solutions, Tho aqueous solution 
IS remarkably stable, not bemg completely decomposed even by several hours boding. 
The salt erystaUises in fine white needles or elongated hexagonal plates It does not 
detonate so violently as the nitrates of azophenylamine and azohromophenylamine 
The yirriromtdc, 0‘H"Br’N’.Br’, produced by adding bromine- water to the iiqueous 
nitrate, is precipitated in long eleudor needles. By boding •with alcohol, it yields 
•tribromohenzeue, C‘II*Br* Aqueous ammonia converts it into ozodibromo- 
(C*HN"')") 

phenylene-diamino, Brt fN’. 


3. Ohlorophenylaminea. 

. Manaobloropbenylamlne, or CWoranmne, =■ Of 

iJiis base there are also two modiflcations, analogous to a- and fi-hromanibne, exhibiting 
cotrespondmg differtacea of physical properties and produced by anologous reactions. 
The first was discovered by Hofmann (Ann. Ch. Bharm. hii. 1), the second hv 
Gmess (Phil. Trans. 1864 [3] 713) 

’Preparation of a.-cMorantttne.-~X. CMorisatin is distilled witli potash-ley or hydrate 
of potassium, till the residue baa become solid, gives off ammonia togeth*r vnth the 
hydrogen, and yields a blue sublimate and a brown oil winch no lunger sohdifles on 
cooling. The solidified oil which first passed over is then cnllocted on a filter, freed from 
adonis by -mte ' 1 " ■ ’ •" w alcohol (Hofmann).— 2 Chloro- 

phonylacetamide, I • by the action of chlorine on phenyl- 

acetamide), yields . > ■ ■ p , arge quantity of chloranihne (Mills). 
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8. By the action of sulphide of ammonium on iS-nitroohlorobenzena (p. 416) (Qri ess). 
— P-cmorttuilme is obtained by tho action of sulphide of ammonium on «-mtrochloro- 
benmie. (Oriess.) 

Pi'Ojif Hwa.— Alpba-ohloranihne erystalliaoa in octahedrons having a diamond lustre, 
heavier than water, melting between 64° and 66°, into a yellow oil which solidifies at 
57° in largo ootaliedrons It evaporates even at ordinary temperatures, so that 
hydrorhlorio acid held over it produces fiimes ; may be ousily distilled with water ; 
boils by itself at a temperature above 200°, and With some decomposition, so that, 
together with the oil, the above-mentioned blue product pusses over. It has tin agree- 
ahle vinous odour and an aromatic burning taste like that of aniline , does not act 
upon red htmus or turmeric, but turns dahlia flowers green.— fS-cbloranillne i4 an oil 
wnioh remains liquid at common temperatures. ,■ 

Chloramline (a or /3) dissolves sparingly in water, " i • .irr - 

and depositing octahedral crystals in cooling ; solub i 

when hot), in ether (which abstracts it from the ' . • i 

easily in sulphide of carbon ; also in otU, both fixed ouu volatile, iue not aaturatea 
aqueous solution mixed with tincture of galls forms yellow flakes on cooling. 

Decompositwnii — 1, Chloranibne burns with a bright, strongly fuliginous flame, 
having a bright Meen border — 2 Ohlorine together with water, converts obloranihne, 
partly into toohiorauiline, partly into tricbloropheinc acid . 

OWOIN + C1‘ - OWem + 2E01; 

C»H«C1N -I- 01* + WO - C»H>CBO + HCl + NH<C1 

3. Srmine, either anhydrous or hydrated, decomposes ehloraniliue, with great evolu- 
tion of heat, forming dibromocliloraniline and hydrobromio acid ' 

C"H*C1N + Br' = C"H<Br«lN + 2HBr. 

4. Heat^ with strong nitno acid, it begins to boil and continues boilin ^ven aft®, rembval 
from the fire , gives off nitrous acid , and yields, first, a dark red, flien a blalk opaque 
liquid, and afterwards, as the heating is continued, a eleav scarlet solution, which does 
not precipitate nitrate of silver, und on cooling, yield, sometimes golden yellow needlps 
resembling picric acid, and probably consisting of diuitrochlorophemc acid G‘H’(NO’)* 
CIO, sometimes a resin, which is precipitatod by w’ater in yellow flakes, and dissolves 
with deep yellow colour in alkalis, alcohol and ether, tlia solution of this resin in 
alkalis is precipitated by acids, and its ammoinacai solution, when freed froni excess of 
ammonia by boiling, precipitates silver-solution reddish-yellow, sometiraoa al,so m yellow 
crystalline spangles, — 6, The aqueous solution of chloranUine acquires a very f,unt 
violet tint when treated with cklonde of lime — 6 With chlorate qf jiotassium, and 
hydrochlorio aetd^ ehloraniline forms a violet-rod, then a turbid brown, and ultimately 
a colourless liquid, which at first deposits crystallmo perohloroquinone, together with 
tri- and penta-chlorophomo acid in tiie form of a brown viseid substance soluble in 
alcohol, hut after decoloration contains nothing but perchloroquinone and sal-ammoniac; 
the same reaction therefore as with aniline 

C^E'CIE + CB -t- H’O = CH’Cl’O + NH*01 + HCl; 

, Trlchlorophenlc 

acid. 

farther : 

CffCOT + CB + H*0 - CBCBO + NH*C1 + 3HCI; 

Pentachloropbenla 

C'ffdH + Cl» + 0* - C*01<0‘ + NffCl + 2HCil. 

PeTDhloroquInOQe, 

7. The crystals, immersed in aqueous chromio acid, turn brown and become resinised; 
the dry mixture takes fire at tho melting point of diloraniline — 8. Aqueous eWorani 
line imparts to /erne salts a green colour by deoxidation, and on boiling, deposits a 
blackish-violet product soluble in alcohol. — 9. When the vapour is passed over lime at 
a low red heat, aniline and ammonia pass over, a large quantily of charcoal is separated, 
and chloride of calcinm is formed: 

2C“H“G1N + CaO = C»H’K + C“ + CaCI» -I- NH» + H'O. 

10 Melted potassium immersed in the vapour of chloranilino, forms chloride and 
cyanide of potassium, with vivid incandescence and separation of a large, quantity of 
charcoal On the other hand, patassium-amalgam, with water, reduces chloranibne to 
amliue (Hofmann, Ann Gh. Bharm. Ixvu. 76.) , 

Chloramhue is not so strong a base as aniline, it does not precipitate sulphate of 
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aluminium or ferrous, ferric, or zinc salts ; it expels ammonia from ammoniaeal salts 
■when heated with them, hut is itsM prempitotod by ammonia from its hydroohlorie 
acid solution, and noutrall^cs acids but inipcrfootly. Its salts mostly crystallise readily, 
and, in eouscquenee of thoir sparing solubility, nro generally precipitated on mixing an 
acid with ulcoholie ehloniniline, in the form of a erystullmo pulp, which maybe pimfled 
by reerystalliMtion from boiling water or alcohol. They are mostly colourless or 
yellowish ui mass, and Tiolct when they conUin excess of acid , they redden litmus 
even when completely saturated with tho base, like tho amline-salts, they impart a 
deep yellow colour to flrwood and clder-pitb, but with cliloride of limo they assume 
only aToiy faintiiolct tint, changing afterwards to orange-yellow They are imme- 
diately decomposed by alkalis , also by alkoliiifl carbonates with evplution of carbonic 
aeid, iimsrauch a-s that acid does not combino with chloranilnie. 

Uydrochtu) ute of Cklot aniline, C“H“C1NH0L — Hydrochloric aeid saturated at a 
bulling beat with chloraiuline, yields on cooling large crystals, which may bo still 
further developed by slow evaporation of their aqueous solution over ml of vitriol. 
They have the same form as hydi-ochlorato of bromanihne They are permanent 
iu the air, become opaque when warmed, and sublime undecomposed when cautiously 
r.used to a higher teniperatnro, whereas sudden heating decomposes them, with 
formation of a violet vapour, the cUmoplatinate o( a-ohlummhw, 2C'’H"C1N' ffCl®. 
I'd'OT, separates on mixing ft cold wlution of the hydrochlorate ■with platinic chloride, 
as a beautiful orange-coloured jirccinitato, and a hot mixture of tbs two s.ilt8 solidifloa 
on cooling to a pulp of crystalline lamiu.-B , tho salt, when exposed to light, becomes 
covered with a violet film. (Hofmann.) 

Qhhraplalmute of ^cMorandino forms yellow crystals difforuig considerably in form 
and solubility from those of the o-salt. (Griess.) 

The aqueous solution of chlorantliw forms a red-brown preoipitito with tnoUo-ndo 
of gold and an orange-coloured precipitate with Monde of jialladium. The cold 
aqueous solution of cliloruuiline immediately forms a white preoipitnte with mercuno 
ehhnde , the hot mixture solidifies after a while into a magma of needle-shapod 
crjihtals A mixture of the aipieous solutions of ehloraniline and stannous oMondo 
quiekly solidifies to a silver-shinmg orystulhne mass 

Sitrate of GlUoranihne, — ^The solution of ehloraniline in warm dilute nitric acid 
becomes filled, as it cools, with largo crystalline laiiiinEe, mostly of a reddish colonr. 
These crystals, which cannot be sublimed without decomposition, melt when heated in 
a tube, into a datk-coloured mass, which dissolves with splendid violet colour in alcohol, 
while part of the salt crystallises out undecomposed. The salt dissolves pretty readdy 
111 water and alcohol 

(0*02)") 

Oxalate {acid) of CMoramlinc, C‘'H''C1N.C=H‘0«.H»0 = C® W > 0«.H»0.— The 

solution of ehloraniline in the warm aqueous acid yields, on cooling, crystals, which, 
when reorystallised from boiling water, form prisms made up of smaller ones joined 
together. They have a sweetish burning taste, and dissolve sparingly in water and 
alcohol , the aqueous solution becomes cwourod on exposure to the air and deposits a 
red powder It does not appear possible to obtain a neutral oxalate of oblorannine in 
the crystallme state. 

Ph^pltate of Chlomnihne — ^Alcoholic ehloraniline solidifies with aqueous phosphoric 
acid into a magma of crystaUino laminse, which dissolve pretty readily in water and 
alcohol. 

Sulphate of OUorandme, (C»H«0m)’ H*SO' =. (C»H’Cnsr)=SOi —The white crystal- 
line magma, into which aleohohc ehloraniline Bolidifles when mixed with a small 
quantity of acid, yields, when dissolved in boibng ■water, confused violet-white lamiuos, 
and when dissolved in bailing alcohol, silvery needles arranged in stellate groups 
The crystals when heated give off a small quantity of ehloraniline, then blacken, and 
evolve sulphurous acid They are less soluble in alcohol than in water 

Aqueous sulphate of oopper, which is not precipitated by aqueous ehloraniline, soon 
becomes decolorised by boiling with crystolUne ehloraniline, and deposits a bronze- 
coloured crystalline mass, which is insoluble in water, and dissolves but sparingly in 
boiling alcohol, whence it crystallises iu spangles on cooling; probably a double 
sulphate of chlorauUine and copper. 

BlohlotBmUne,G>H»Cm = (Hofmann, Ann. Ch. Ptarm. bii. 

33 and S7.~&ria_as, ihid.csxs.ih'J ) — ^Hofmann, by distilbng dichlorisatin still oon- 
tniniug monochlorieatin with potash, obtained long prisms consisting of dicliloraniline 
mixed with a small quantity of the moaochloriiiated base. Hichloranihne is how- 
ever more easily prepared by passing chlorine into phenylaoetamido till the mass becomes 



CYANOPHENYLAMINES, 


411 


rather soft, and distilling the resnlting diehloTophenyl-Rcetsmide with potash. Itnmy 
he piirifled in the same manner as dibromauiline (Griess). It crystallises in white 
needles nearly insoluble in ‘water, easily soluble in alcohol and ether The platinum^ 
salt 2 G‘'H®Gyisr.II=Gl’,Pt'’Gl*, forma yellow needles easily decomposed by hot water. 
(Griess.) 

TrloWoropBenylamlne or Trtohloranllltio. (Erdmann, J. pr. Chem six. 
331, xw. 472 — Hofmann, Ann. Oh Pharm. liu. 3fi.) — ^This compound (thec/ifon«- 
datmtoi Erdm.inn, who, however, overloolted the nitrogen contained in it), dis- 
tils over, together with triohloropheme acid, in tlio preparation of the latter by the 
action of chlorine on indigo (p 393) (Erdmann). It is also pioducad, together 
with triohloropheme acid, by the action of ehlormo on anilmo or monoohloraniline , and 
when this mixture is distilled with potash-ley into a well-cooled receiver, the tviehlor- 
amlme passes over in needles fluatmg on the water, and as on oil which solidifies in 
the crystalline form. (H o f m an n.) 

It crystallises in delicate, white, very fragile needles and laminm, easily melting into 
a colourless od. which crystallises on cooling, it is volatilo and neutral, and has a 
peculiar odour (Erdmann, Hofmann.) 

It dissolves sparingly in cold, more freely in boiling water, readily in alcohol and 
ether, does not combine cither with acids or with alkalis. 

With niirio acid it evolves nitrous fumes and forms a yellow solution which turns 
red when mixed with potash (Erdmann) — The vapour passed over heated soda- 
lime, yields a large quantity of ammonia, and when passed over melted potassium, it 
yields a large quantity of cyanide of potassium (Hofmann), — ^It is not decomposed 
hy distiHation with potash-ley. (Erdmann, Hofmann.) 

CMorodlbromaniUne, C'H<OIBr»H - (Hofmann, Ann. Oh, 

Pharm. Hii. 38.) 

Preparation, — 1, CrystaUine ehloranihne treated with anhydrous bromine becomes 
very hot and gives off a huge quantity of hydrobvomio acid, assumes a violet colour, 
and IS converted, after it no longer absorbs biomino even when melted, into chlorodi- 
bromaniUne, which solidifies on cooling, and must be washed with cold water and re- 
erystallised from alcohol — 2. When the whitish precipitito which bromine-water 
forms in an aqueous solution of a salt of cUloramlme, is dissolved in hot alcohol, a pale 
violet solution is obtained which yields needle-shaped crystals 

Properties. — White pnsms, often with a tinge of red. They melt in hot water, 
forming a broini oil, which voktihses with the vapour of boiling water and sublimes 
in shining needles. Insoluble in water, soluble in alcohol and ether , decomposed hy 
strong nitric acid. 

It does not exhibit the characters of a salifiable base ; it dissolves indeed, with violet 
colour, in oil of vitriol, but is precipitated therefrom by water, dissolves also in hot 
strong hjdroohlorio aotd, but the greater part of it separates on cooling, and thereat on 
addition of water. 

It dissolves without altoration in warm ammonia and potash ; does not form com- 
pounds with chloride of mercury or tetrachloride of platinum. 

Azocbloropbenylamlne or XHasoehlorobenzene, C'H’OIE’ = 

(Griess, Phil. Trans. 1864 [3] 705.) — The nitrate of this base, prepared like that of 
azobromophenylamme (p, 437), crystallises in small white plates which, when boiled 
with water, yield ohlorophenol. 

Thoperhromidc, Br’, forms yellowpnsms which are decomposed by boiling 

alcohol, yielding bromochlorotenzene, isomenc or identical with that obtained fi'om 
the ehloropUtiuato of azobromophcnylamine (p. 436) When decomposed by am- 
monia, it yields azoohlorophcnylene-diamineordiazochlorobenzoylimide, 
C«H‘C1N“. 

The cUoroplaimate, 2iC"H®ClE*.HCipt''Cl'’, forms fine yellow needles which, when 
heated with carbonate of sodiura, yield di chlorobenzene, 

Azochlorophenylamine precipitated by acetic acid from its compound with hydrate of 
potassium, is a lemon-yellow eiqilosivo powder. 

Azodlohloroplienylamlne or IhazodwUorobeniene, (PH’GPN*. (Griess, too. 
at.) — ^The 'nitrate forms white plates The perbromide, C“H*G1W Bi^, erystaUises 
in yellow pnsms ; the chloroplatinate, 2(C“H’0PN^HCl).Pt‘’'Ol'', in small, yellow, veiy 
brilliant plates. 

4 Cyanophc-aylamines. 

Cyanillde or Cyaniline, C''H"N“ = (Cahours and Clooz, 
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Compt. rend, ixxviii. 38, 366.) — Wlien pure and wry dry gaseous eWoride of cyan- 
ogen is pnsaed into a solution of aniline jn anliydrons ctlier cooled with ice, a eryeful- 
line deposit is formed, consisting of hydrochlorate of amlnie, whicli contimially 
increases ; and tlm flltr.ita evaporated over the wator-batli, leaves oynnilide in the 
fom of a viscid muss which solidilies as it cools. It is a reddish substance resembling 
colophony in friiibihty, conoliindal fracture and translucence. It is completely de- 
composed by bent, yiinding various products. Ih alcoholic solution mixed with hydro- 
chlorate of aniline and ovaporatod for some time oier the water-bath, yields crystalUeed 
hydroehlomte of melaiiiline . 

C«H'N + C'H“N» - 

Cyanilide is insoltthle in water, hut dissolves readily in alcohol and ether Water 
added to the aleohohe or ethereal solution, immediately separates a vibcous substance 
which gradually becomes crystalhno 

Compound of Ci/ainlide mth Chloride of Oi/anoffen . CsLOBOorairtLiDE, O^H'^N'Cl 
c= 20'H‘H*.CilCl (Laurent, Ann. Ch Phys. [SJxxn 97 )— When solid chloride 
of cyanogen in the state of powder is gradually introduced into a flask contamng ant- 
line dissolved m lukewarm water and the roqnisite quantity of alcohol, ohlorocyanilide 
fills down as a white powder, which must he washed with water and alcohol succes- 
sively, after the liquid which contains the hydrochlorate of amhne has been decanted : 

40*H’K + C’N'Cl* ~ C>»H'*N*G1 + 2(C»H’N,H01). 

Its formation is similar therefore to that of chlorocyansanide, 2051^.01101, by the 
action of ammonia on solid chloride of cyanogen. 

Chlorocyimihdo crystallises from alcohol on cooling in white, highly lustrous, some- 
what elongated laminro, and after fusion in radiating needles. Sot volatile without 
decomposition. 

When heated somewhat above its melting point, it gives oflf 1I'8 per cent, of hydro- 
chloric acid, becoming less fluid, and ultimately leaves a p’cenish, transparent, vesi- 
cular residue, contiumng C'‘H'’N". It dissolves slowly in boiling poiaeh, and on neiitval- 
ising the cooled solution with nitric acid, a white floceulent' precipitate is obtained, 
which IS insoluble lu ammonia, but dissolves in hot weak nitno acid, separates in the 
form of a jelly on cooUng, aud contains 62'6 per cent carbon, and 4 6 hydrogen 
(Laurent) Laurent regards this .substance as phenyl-ammeline, 0'*N‘H‘*0 = 
C*H\C*H*)-N*0 (which however requires 2 per cent, more carbon), and represents its 
formula by the equation ; 

C’‘H'*N*C1 + KIIO = 0‘“H'’H*0 + KOI 

The subject requires further investigation. 

OranantUne, C’H’N’ or rather 0'*H''N* =i C”S'WCy®. (Hofmann, Chem. 
Soc. Q,u. J 1. 160; ii 300; Ann. Ch. Pharm. Ixvi. 129; taiii 180.) — This substance, 
though not a substitution-product of aniline, but a compound of aniline and cyanogen 
formed by direct union, without ehmination of hydrogen, may be conveniently de- 
scribed III this place. 

To prejure it, cyanogen gas is passed through a solution of aniline in a six-fold 
quantity of iilcoliol, till the liquid smells strongly of it, but not longer ; and the re- 
sulting crystals are freed from the mother-liquor, which colours them reddish-yellow, 
either by repe.ited uaidung with cold alcohol, or by washing them twice with that 
liquid, ,md siihseqpently dissolving them in dilute sulphuric acid, Altering from a red 
crystalline powder, precipitating the pale yellow filtrate by ammonia, and orystalli.sing 
the pale yellow pnlvcmlent precipitate once, twice or three times ftom a large quantity 
of boiling alcohol, till colourless lamin® are obtained 

Cyiuiamline crj'stallises m colourless, silvery, iridescent laminse, which do not vola- 
tilise without decomposition, even in company with vapour of water , they melt be- 
tween 210“ and 220“, and sohdify in the crystalline form on cooling, they arobbTier 
than water ; inodorous, tasteless and neutral. The acid solutions of this base do not 
colour drwood yellow, neither do they turn blue in contact with chloride of hme, or 
give the precipitates of aniline with chromic aeid. It is insoluble in mUr, and only 
sliglitly soluble in sulphide of carbon, modspinf, okohal, ethr, beniene and oils, 
wliether fixed or volatile. 

Stcompnsitms — 1, Cyananiline at a temperature alittle above its melting pofflt, turns 
brown, chars, and gives off anilhie together with hydroeyanate of ammonia. — 2. Bro- 
mine becomes strongly heated in contact with cyananihne, and perliups forms at first, 
bromocyananilmc, which however is ultimately converted into tribromumUne. — 3. The 
Tiulet solution of cjauaiiiliue in od of vitriol gives off, when slightly heated, a mixture 
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of catlionif! anhytli'ide and oarbome ondo, which latter is morn and more replaced by 
sulphurous acid aa the heat increases ; and the liquid on cooling solidifies m a oijstiu- 
line muss consisting of sulphate of ammonium and phenyl-sulpbamio acid : 

+ 3ffS0‘ + H’O = 2 J + (NH‘)»SO* + 00 + CO*. 

4. The solution in dilute hydrocUono (or dilute sulphuric) acid soon assumes a deep 
yellow colour, and when evaporated over the water-bath, gives off on odour of phonybe 
eyanatc, CH^.ONO (n. 196), and leaves a white crystslhne mass, from which sal- 
ammoniac and hydrochlorate of aniline are extracted by cold water, and afterwards 
oxamide and phenyl-oxamido by boiling water, whilst diphenyl-oxumide is left un- 
diasolved m quantity equal to that of the oxamide and the phenyl-oxamide. In this 
case, two decompositions appear to take place simultaneously. 

(c*0T) 

=1 2NH‘01 + 

Dl w 

= + 2C“H“NC1. 

Oxamide. H)dmchlorate 

At the moment of formation (but not afterwards) the oxamide and diphenyl-oiamide 
ai'a partly converted into pheuyloxamide . 

0*H*N»0-‘ + 0"H>*N*0* = 2C‘H*N*0». 

Cold dilute acids gradually elimmate aniline and give off the odour of phenyliocyanate. 
— 6. Cyananiline is not altered by boilmg aqueous or alcoholic potash, hut by poiasazo 
hydrate in the state of fusion, it is converted into ammotua. anmno, hydrogen gas, and 
carbonate of potassium • 

C»H‘W + 4KH0 + 22*0 = 2NH* + 2C«H’N + H* + 2K*C0« 

Sams of CrANANn.iira. — Those salts are formed by direct combination of the acid 
and base, and must be brought to the solid state as quickly as possible, before they 
decompose They are not produced by passing cyanogen gas through oleohoho solu- 
tions of anihne-salts. According to the formma C'*H’*N‘, they must be regarded as 
diacid salts. 

Bydrobi ornate, GhH”N'2HBr, — Oyanamline is dissolved in boiling dilute hydro- 
broimo acid, and the filtrate immediately mixed with an equal quantity of concentrated 
hydi'ohromio acid, which separates crystals, to bo washed, first with concentrated 
hydrobromio acid, then with ether. The salt is very much like the following. 

Bydrochlorate, C'^H‘W,2HC!1. — The yellow solution of cyanamhno in boiling 
dilute hydroobloric acid, is filtered hot and immediately mixed with an equal quantity 
of fuming hydrochloric acid, which decolorises it, and soon einises the separation of 
a largo quantity of oolourioss orystqls, which must be washed with hydioehlorio acid 
and then with ether. These crystals have a very sweet taste, and are permanent when 
diy, hut decompose in the moist state, becoming at the same time insoluble m water. 
Their aqueous solution yields by evaporation, the same products of decomposition 
as the direct solution of cyananiline m dttute hydrochloric aoid (md, sup.). AnOine 
added to the aqueous solution of the crystals, precipitates the eyanaiiiline as tha weaker 
base, and acids throw down the eiystals in their original state. The ciystals dissolve 
with great facility in water and in alcohol. The chloro-amrate, 2(H0i AnCl’), 

is an orange-colourod precipitate obtained by adding auric chloride to a solution of 
cyananiline in alcohol or hydrochloric acid The chloroplatmate, C'-‘H“ir''.2HCl.!B'’ClV 
is precipitated on mixing a moderately concentrated solution of cyananiline in hydro- 
chloric acid saturated at the boihng heat, with a concentrated solution of platinio 
oWorida, and leaving the liquid to cooL It forms boautiful orange-colourod needles 
which are soluble in water and alcohol, but cannot be rocrystalliBed. from thoso liquids, 
the solutions yielding nothing but chloroplotinate of aniline and chloroplatmate of 
ammonium. 

Bydnodate of Cyananiline resembles the hydrochlorate and hydrobromate, but 
decomposes quickly on exposure to the air, with separation of iodine 

Nitrate, 0'*H"N* 2HN0* — Cyannnilme dissolves ea.sily in boiling dilute nitric acid, 
and the solution on cooling deposits tha mtrato in white needles which may be re- 
crystelhsed from boding water. It is but slightly soluble in cold water, still less in 
alcohol and ether. It forms a crystallisahle double salt with nitrate of silver. 

Tile oxalate and sulphate are very soluble, and thwr solutions decompose during 
evaporation. 


(1) + 2H*0 + 2HC1 

(2) C»H>W + 2H*0 + 2HG1 
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6. lodophcnylamines, 

Wtono-lodophenylamlno or lodanOlne, G'n^IN => (Hofmann, 

Atm Ch. Plinrni. Ixvii. 01.)— To pi’ep.ii’(‘ this eomiioimd, pt of lochno is gradually 
diRsulved ill 1 pt. of anilinn; tlio solution is ini-tpd with hydrochloric acid of spociflc 
enivity 1 11 (a stronger acid ivoiihl sepiir.ite lijdrouhlov.ito of aniliiie) , the solution of 
h)dvocliloi'.ito of iiiiihiie, lijdriodie ucid. &c, w scpaiMtcd by fillriition from the pre- 
cipitated and still strongly coloured liydrochloiutc of iodtuiilme, \i Inch is sparingly 
Bohible 111 wntsr , thu precipitate is wnalied sei cr.il times with lij drncliloric acid, and 
crystallised sovernl times from hoihng water, at last alter boiling with .iinniiil charcoal, 
till the crystals, which are at first riiby-colourcd and contain fioc iodine, together with 
a brown indiiretted decomposition-product of amline, are complotcly decolorised; and 
tlio iodanihno is precipitated from their aqueous solution by ammonia, as a white orj-s- 
Ulline powder, which — iii order to free it from any of the yellowish decomposition- 
product and phosphate of calcium from the animal charcoal, that may still adhere to it 
■ — is dissolved in alcohol, filtered from the yelloiiish product, and precipitated by water 
iu the form of a white crystalline muss. The hqmd filtered tlierefTOm yields by 
evaporation yellowish oily mops which crystallise on cooling. 

Projiicrtua . — ■‘White crystallme powder, which crj'stolhses from solution in prisms 
and needles, never in ooUhedroiis ; the muss solidified from cooling also never ex- 
hibits the oleaviige-friccs of the octahedron It is heavier than w.iter Melts at 60°, 
forming a yellowish oil, and at the moment of solidification, shows a temperature of 
61°, but soniotinies rommus liquid even at the ordinary tomperatm-e, in which case, 
contact with a glass rod otteu causes it to solidify suddenly in a crystallma mass. 
When oiaporatcd at a rather strong lieut, it volatilises itndeeomposed, and easily 
distils over even with vaiiour of wafer It has a vinous odour and a burning aromatic 
taste, no action on vegetable colours like amlme, it imparts a deep yellow colour 
to flrwooiland cldor-pith , but clilorido of hme colours it, not violet but reddish. The 
vapour burns with a bright sooty flume 

Imlnniline dissolves very sparingly in cold water, and crystaUises fi’Om boiling water 
in mterlueed hairs It dissolves m sulphide of carbon, also in alcohol, ether, wood- 
spini, acetone, and oils both fixed and volatile. 

Dicompositions—l. In contact with the «w, lodauUme becomes quickly covered 
witll a brown, motaUiciiUy lustrous film, and gradually assumes a bl.iok colour extend- 
ing throngboiit the whole mass. — 2. Cklmim decomposes iodanihno into tachlur- 
anilhie, trichloroplienio acid (as with aniline, p 424), and chloride of iodine. — 3. 'With 
bromine, alcoholic iodanihne soEdifies in the form of erystalhue tribremaiiihne, while 
ell the iodine is sot free as bromide of iodine —4 Chlorate of poiussiuin with hj/di o- 
ohlorie acid forms, as with aniline, triehlurophenic acid and parchloroquinone — 6 'With 
strong boding mtrio acid, lodamline forms, with brisk action and evolution of iodine- 
vapour, a solutaon from which picric acid emulhses on cooling.— 0 Oiystalhsed 
chromic aoid decomposes lodimihne with violence, but does not set it on fire — 
7. Gently heated potassium decomposes iodanihne with violence, foi-mmg iodide and 
eyamde of potassium. — Potassium-anialgam infroducod into aqueous nitrate of lodan- 
iline, inimodiatcly forms iodide of potassium, and reproduces a small quantity of 
andine, whilst the greater portion is converted into a yellow oiyetalliiie substance 
having an aromatic odour Zinc immersed in iodanihne supersaturated with sidpburio 
acid, ehminates iodine and auihno, so that after a few minutes the liquid forms a blue 
colour with starch, and after saturation with potush, gives up aniline to ether. — 
8 ‘When chloride of eganogm, is passed through lodamline dissolved in ether, hydro- 
chlorate of iodondine is first precipitated hut afterwaids disappears, and the iodanilino 
is converted into a transparent, slowly crystallising resin, which is a mixture of 
hydroohlomte of di-iodomelauihne and lodophenyl-carbamide. Jormation of hydio- 
cblorate of di-iodomelamhne i 

2C»H"ia + CNd = C'“H‘'PN“.HC1. 

Formation of iodophenylcarbamide and hydrochlorate of iodanihne : 

2C“H"NI + CNCl + H»0 (CO)"(OH'I)HW + HCl. 

Saits of lonAjnLWK — These salts erystalliso with the same faoihty as the aniKne 
salts, but are less soluble lodandme is a weaker base than amline, and is sedated 
by the latter from the solutions of its salts. It precipitates the salts of aluminium, 
hut docs not decompose feme or zinc salts "With sulphate of copper it forms a yeUow 
precipitate. 

Ifi/drubromate of Icdanilme exactly resembles the hydrochlorate. 

The hgdruchtoiak, CfHHN.HCl, is sparmgly soluble in cold water, aud its aqueous 



NITEOPHENTLAMINES. 


445 


Bolntion is almost entaely precipitated liy hydrodiloric acid It ei^stalliseg from 
boiling ^reter in large thin lamumc or needles soluble m alcohol, insoluble in ether. 
The chlnmaurate is an unstable scarlet precipitate formed on mixing the solutions of 
nunc chloride and hydrochlorate of lodaniline The cUoroplatmate, 2C“H‘IN.H“CP. 
Pf'Cl*, IS an orange-coloured crystalline precipitate 

Hydnodak of Jodamline forms a radiate mass much more soluhle than the hydro- 
bi'omate and hydrochlorate, and easily docompoaible. 

The mil ate crystalliaes from water in heantifiil capillary needles of great length. It 
is more soluble than the preceding salts, especially in hoiUng water , very soluble also 
in alcohol and ether. Its solution is not precipitated hy nitrate of silver. 

The oxalate, 2C"H“IK C*H'0' = (C^OWCHTN)’©*, crystallises in long flattened 
needles, sparingly soluhle in water and in alcoliol, insoluhle in ether. 

The sulphate, 2C«H»IN SBPO' ~ (C?B:'IN)»S0^ crystallises in shining scales. The 
aqueous solution appears to bo decomposed by boiling; at all events, on attempting to 
reorystalhae it after boiling, a portion of the salt always remains insoluble 

Azo-loaoptaenylamlno. ^ | IT. Diaeo-todohenzene. (Oriass, 

Phil Trans. 1864 [3] 706.) — This base and its salts are obtained hy processes exactly 
similar to these employed for the pieporatiou of tlio corresponding bromme-ooni- 
pounds (p 486). Azoiodophanylamine in the free state la a yellow explosive pre- 
cipitate The nitmie, CHTN* NHO*, owstallises m white prisms or needles, very 
soluble in water, — The sulphate, G‘H’IN°.SH*0^ in small plates easily soluble in 
water, sparingly soluhle m alcohol. — ^The ohloroplatmate, (C*H’II)r*.HG).Pt''OP, in 
bright yellow clusters of needles — The perbionude of aso-iodophenylmnmonmm, 
C“I1TN'‘ Br’, forms anlall yellow plates With boiling alcohol it yields bromo-iodo- 
henzene, 0"H‘BrI; and with aqueous ammonia it forms az o-iodophenylene- 
diamine, or diazo-todobonzolimide, 


6. Nttrophcnylamines. 

Kononitropbenylamlne or mtraulline. C‘'H“(1T0’)K — 

(Hofmann and Muspiatt, Ann. Oh. Pharm. Ivu. 204— E Arppe, zkd xc 147; 
xeiii 167).— Of this base thei-e are two isomeric modifications, tho one called alphe- 
nitranilino (or by Arppe, pa> anitramlme), obtained by reducing diuitrobonzenewith 
sulphydrio acid (Hofmann nnd Muspratt), the other called beta- ni tramline* 
(nitranibne of Arppe), produced by the decomposition of nitro-pheuyl-paratartriinide 
(Arppe), or of nitrophenyl-aeetomide or nitrophenyl-succinamide under the influence 
of alkalis (Hofmann, Proo Hoy. Soc x. 6B9, xii 639): 

C»H<(NO>')<‘ + affS =. C“H«(N'0’‘)N + 2H»0 + S» 


’“SSS”- 




+ H'O = + CPffOjQ 

Kltroiihenjl-acetamide. Nitrantlins. Acoticncld 

R-nitraniliue was the first instance discovered of a basic substance containing the 
elements of nitric peroxide. 

Preparation . — 1 Of a-nitraniline — The aqueous solution of dimtrobenzi 


.Tisignod to the terms «- end /3-nltrnnlIlne Is the seme a»' that originally given hv 
1 ™ Chamistr^((Jinelln'a Haniboolc, Gerliardl’a Trails de Clamie 

IBP obtained from the nitrated piien}lain’idesasa,and that obtained 
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draitrnbeMPiK'. The filtr-ite is then mixed with potash, which precipitates n brown 
adhesive resm ; tins resin is freed from potash by washing with cold water, and then 
dissolved in boiling water, tho orange-yellow solution is ffllored to separate a small 
quantity of nndisaolved brown ream , and the needles of a-nitraniline which separate 
on cooling, aiv purified by rcerystalliMition from hot water (Hofmann and Miis- 
pratt). Arppi) farther purifies the crystals with animal charcoal. 

2. Of fi-iiitramhne. — Nitro-phenyl-jiyrotartwmide is dissolved in a boiling dilute 
solution of sodie eiirhonnte mixed with lilittlfl canstJc soda, whereby it is converted, by 
taking up 1 at. water, into nitropbenyl-pyrotartraniie acid, and the solution is bailed 
till it no longer gives a precipitate of tliat acid on addition of nitric acid. 'Die nitro- 
pboiiyl-pyiMtartrainic acid is then resolved into J3-nitraniliiio and pyrotaitnno acid. 
Tile yellow solution yields on cooling an abundant crop of yellow rhombic tables which 
must bo collected on a filter, washed with cold water, and purified by reorystalHsation. 
(Arppe.) 

An easier mode of preparation is to dissolve phenylacetamide or phonylsiiceinamide 
In cold fuming nitric acid, dilute the solution with water, which throws down nitro- 
pheiiyl-ucetnmido or nitrophenyl-succinamide, and distil this precipitate with caustic 
potash. (Hofmann.) 

P) o^jrriies. — Alpha-nitramliue forms needles of a fineyellow colour and an inch long , 
heavier than water They melt at about HO® (at 108®, according to Aippe), forming 
an oil of a deep yellow colour, which boils at 28S®, passes over in yellow vapours, and 
solidifies in the receiver, forming a laminated mass , at 100® tlio crystals sublime in 
beautiful laminm, without previous fusion (Hofmann and Muspratt) 'Diesublimed 
crystals .ire rhombic tables of 61® ond 129°, having ono of the acute angles cither 
pcrpendiculiirly truncated, or bevelled with two faces, while the two obtuse angles are 
sonietinies obliquely trunented, sometimes unaltered , macles are often formed with 
deep re-entering angles. Similar modifications are eilnbitod by tho crystals obtained 
from fcohition in water or alcohol (Arppe) Tho crystals are inodorous at ordinary 
teiiiperatiircs, but when slightly warmed, they emit an aromatic odour having a distant 
resemblanoe to thot of aniline , they have a burning sweet taste, are perfectly neutral, 
and colour firwood (ns well as tho cuticle) deep yellow, like aniline, but do not produce 
any blue colour with chloride of lime. (Hofmann and Muspratt ) 

fl-nitmniliue crystallises fiom the aqueous solution by slow cooling in long needles ; 
but by more rapid cooling, in small tabular or needle-shaped crystals with angles of 
69® and 111®, h.ivmg tho smaller angle truncated in anch a manner as to produce a 
Six-sided tuble with angles of 111® and 138°. From an alcoholic solution, the rhombic 
tables separate unaltered together with the six-sided tables ; an ethereal solution yields 
sometimes tables, sometimes capillary needles , from an aqueous solution containing 
carbonate of sodium, rhombic tables of 66® and 128° are obtained , by sublimation, 
sometimes needles, sometimes irregular lamin®. The crystals melt at 141°, volatilise 
at almut the same temperature, and snblime very heaiitifully when heated between two 
■wateh-gliisses At 100®, the sublimation is scarcely perceptible. The crystals have 
also scarcely any taste (Arppe ) 

Alpha-nitranihne dissolves in 600 pts of water at 18 6°, and much more readily in 
Ixiihng water (Arppe). fl-intranduie dissolves in 1260 pts. of water at 12'6°, and in 
45 pts of boiling water. Both modifications dissolve easily in alcohol and in ether. 

Di compostitons — 1. The vapour of nitramlma bums with a bright sooty flame. — 
3. Alpha-nilvamlmo distils almost without residue ; hut /3-mtraniIinB leaves a con- 
sidoi'.ible quantity of carbonaceous matter, when distilled. — 3 Brmtane converts 
iiitraniline, with great rise of temperature and evolution of hydrobromio acid, into 
a brown resm whose solution in hot alcohol deposits yellow crystals, insoluble in water, 
acids, and alkalis, and probably consisting of dibromonitranilme, C®H'Br*(N0“)N 
(Hofmann and Muspratt) — 4. AKri'c ami, even when highly concentrated, 
dissolvea B-nitraniline without visible decomposition (Arppe) , but a-nitranilme is 
violently acted upon by nitric acid, and converted, after a wliile, into an acid which 
appears to he piciuc acid (Hofmann and Musprutt)— Gaseous eUortie of epano- 
f/en passed through melted nitraniliue (a), converts part of it into diniti’omelanilme, 
while the greater portion is transformed into a reainons substance Alcohohe nitram- 
line is decomposed veiy slowly by chloride of cyanogen and aqueous aniline in a 
peculiar manner; but mtrauilme disaolved in ether forms with chloride of cyanogen, 
iiotliing but hydrochloratc of aniline and yellowish needles of uitropheviyl-oarbt.mid6; 

2C«H“(HO»)N + CHCl + ffO CH''(HO“)1S'.H01 + C“HTHO‘’)|n». 

H» } 

6 neither o- nor fl-iiitraniline is acted upon by the iodides or bromides of ethyl and 
uiethyL (Hofmann, Proc. Roy. Soe. xii. 639 ) 
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Salts of NiTBANiixtrai.— Nitranihnp in either modification is a very weak base, 
not precipitating any metallic salt From the solutions of its salts, some of which are 
crystallisahle , it is precipitated m the crystaUino form by aiiihue, as well as by the 
caustic alkalis and alkaline carbonates. 

Hydrochlnrates G"H.“N”0* HGl.— The colourleas solution of o-nitmniline in hydro- 
chloric acid, yields by evaporation, nacreous crystals, extremely soluble in water and 
alcohol (Hofmann and Muspratt). Elongated rhombic tables with angles of 120° 
and 60^, which are permanent in the air and dissolve readily in hydiochloric acid; 
they are doeomposod by water, which separates the greater part of the base. 
(Arppe.) 

i8-nitraiiiline forms with hydroehloiTC acid, a yellow solution, or if the acid is in 
great excess, a colourless solution, wliidi, on cooling, deposits rather large, colourless, 
tabular crystals, which in their simplest form, are four-sided tables, with angles either 
(a) of 95° and 86°, or (d) of 66° and 116° , by the combination of these two forms, the 
acute angles of a being truncated by 4, six-sided tables ai'e formed , and by the trunca- 
tion of all the angles of a, eight-sided tables Ihe salt is easily decomposed, both by 
heat, winch causes it to turn yellow and give off acid, and by water, which separates, 
the base almost completely ; olkalis precipitate the mtraniline in the erystiilhne form 
but the precipitate rMissoives in excess of the alkali (Arppe ) 

Chimoplatmaics, 2[G“H'‘(HO'')N.HCl].Pt'’'Gl-' — The o-aalt is precipitated hyplatinio 
chloride from the aloohoho, but not from tho aqueous solution of a-mtrahne, as a 
yellow crystalline powder, which is extremely solnblo in water and in alcohol, and must 
tiiereforo be washed with etlier. The ;B-salt is piecipitated from the concentiuted so- 
lution of tho hydroehlorate either in water or in alcohol ; it is, however, much more 
soluble in alcohol than in water. It crystallises in stellate groups of veiy slender 
needles. When washed with a mixture of alcohol aud ether, it is converted into a 
yellow salt, apparently consisting of C’H<'(N'0^)N,HCl.Pt''Cl*. (Arppe ) 

Mirate of a-mii amhne is crystalline, easdy soluble in water, very sparingly soluble 
in strong nitrio acid. The ^-nitrate crystalhses in shining, long, right-angled truncated 
prisms, and is decomposed by water 

Oxidates. — Alpha-nitraniline forms an acid oxalate, C'H’fNO’)!!.©*!!’©*, which is 
deposited in yellow crystals on nuxmg the alcoholic solutions of the base and acid. 
Oxalate of |3-nitranilme crystallises in slender needles and plates sparingly soluble in 


Sulphates — The a-salt crystallises in shining rhombic prisms, whieh dissolve in 
water, forming a clear solution The /B-s.ilt ctystalhscs from a solution of fi-iutraniluio 
in dilute sulphuric acid, in large shining plates which have an acid taste, and are 
decomposed by water. 

Tartrate of a-nitraniline forms a yellow solution from which the salt crystallises in 
yellow rectangular tables Potash decomposes the solution, separating the baae in the 
form of a yellow crystaUine precipitate soluble in excess of the alkali. Tartrate of 
S-mtramUne eryeteVlisee m yeMow needles; potash does not precipitate, hut dissolves 
It, forming a red solution. (Arppe ) 

A solution of either modification of nitraniline, mixed with a recently prepared so- 
lution of gall-nuts, and afterwards with a small quantity of potash, yields a copious 
flocculent or almost gummy precipitate, which is decomposed by excess of potasb, a 
portion of the base being precipitated in the crystallme form. (Arppe.) 

BlnltranUlne. C*H*N»0« = (Gottlieb, Ann. Ch. Pharm. 

Ixxxv 17 )— Produced by the action of alkalis on iuitrophenyl-citraconimide. When 
this compound is treated with a boding dilute solution of carbonate of sodium, carbonie 
anhydiude is evolved, and the light flocculent crystals of the amide are partly dissolved, 
and partly converted into a heavy yellow, crystalline powder, consisting of dinitrani- 
hne ; when the action is complete, this substance separates out in more definite ciyatals. 
If the boiling ha not contmned long enough to ensure the complote decomposition of 
the imide in the manner nhoye-mentionad, the mother-liquor is found to contain dini- 
trophenylcitraconamnte of sodium as well as citraconate. The ^nitraniline is 
purified by crystallising it several times from boiling water. 


H.G«H"(NO»)’1 

(0>ffO=)" 

H J 


(0 


»a'.- 


DinitrofthenyUcUra* 
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Dinitranilme eiystalhsps by spontaneovis eraporation of its solution in a mixliiro 
of alcohol and other, in croenish-yellow, rather brilliant tables, exhibiting a bluish 
tint hy reflected light on the lateral faces. It is inodorous ; bods at 1SS°, giving otf 
yellow vapours, which ooiidense in the form of a yellow sublimato ; the melted portion 
solidiflps on cooling into a deep yellow crystalhno mass. It dissolves sparingly in cold 
wntvr, easily in hulling water and in alcohol. Wiicii heated suddenly in a tube, it blackens 
and explodes hulphuh: of amtAoruuni converts it into nitrophenylene-diaminc: 

+ 3ffa = ^ + s* 

"Dlnltraallln.. 

Dimfraniline does not corahino with acids. 

TrlnltraulUne. 'Pnnitrajfkenylamide, Picramide, C“H'‘lSr^O" =. | j, 

(Pisani, Ann. Chu Pharm. xeii. 32fl ) — Obtained by the action of ammonia on 
chlorida of trinitrophenyl or chloropicryl (p. 41fi). When crude chloTOpicryl is tritu- 
rated with excess of cold aqueous carbonate of ammonium, and the resulting mass is 
treated with boding water, a residue is obtained, consisting of trinitranilmo, which 
dissolves in boiling aleobol, and soparatoa in crystidlino plates, dark yellow by traus- 
niitted, violet by reflected light, and yielding a light yellow powder. It dissolves 
sparingly in ether. Wlien heated it decomposes with detonation, giving off nitrous 
fumes and leaving a carbonaceous residno. Ilcated with aqueous potash, it gives off 
ammonia and leaves picrato of potassium. 

azonltropuenylaxnime, C“HWO= ■» C«H»(NO’)N* =. jp 

Dmsomireihcnscw (Gri ess, Phil Trans. 1804, [3] , 708 )— By treating the nitrates of 
«- and i3-uitrandino* inth nitrous acid, nitrates of azonitropheiiyiamius ore obtained, 
having the same composition but differing from one another in physical properties, and 
yielding, wlim heated with bromine, platimc chloride, and other reagents, isomeric 
salts m^ibiting corresponding differences of physical character. 

Nitrate of a-aaomti ophi ni/hiiwie, CH’N'O-.NHO", is precipitated by ether from its 
alcoholic solution in prisms frequently approaching to cubes, very soluble in water, 
sparingly soluble in iilcohoJ, iiitoUible in etiicr, and exploding with great violence when 
heated. The fl-sald has about the euine degree of solubility, but oiystalUscs in fine 
long needles. 

_ Both modiflcations of the nitrate when boiled with water, are decomposed, after some 
time, with evolution of nitvogeii-gas, yielding a hrownisb, easily fusible, slightly acid 
substance, which, judging from the manner in which the nitrates of .izophenylamme 
azobromo-bromophcnylamino, &c., are decomposed (pp 432, 437), should have the com- 
position of nitrophenic acid, according to the equation 

C‘H’(NO’)N* + H»0 = C“H»(N0’‘)O + 

Aionlcrnplienfl- Nlcro|ihenle 

hut it cannot be made to crystallise, and appears to differ altogether in its properties, 
both from nitrophenic and from i.sonitroplienic acid (p 394). 

TheiA/orop/nA«flfrs, 2(C“HWO»HCl)Pt‘'Cl*, of both modifications, crystalhsea m 
long yellow needles or prisma 

J'eihromide of a-azuntt>ophaii/lamnimilinn. C“H'‘(NO*)N‘iBr’. is precipitated by 
bromine- water from the aqueous soliihon of the «-iutrute, usually as an oil which soon 
solidifies It forms smaU orango-eoloured plates or prisms, which, unlike the 8-eom- 
poiiiid, cannot be rccrystalliscd from warai alcohol It is likewise obtained together 
witli tribromomtraniline, by the action of brommo on azodmitrodiphenjldiamiiie the 
latter being suspended m water, and bromine added tiU the whole is converted into a 
heavy brownish-red oil : 


un elecantmg the supematnut aqueous mother-liquor, and aUowing tlio excess of 
bromiiio to evaporate, the oil solidifies to a erystalhne mass. Before however com- 
plete solidification occurs, thick yollowish-red crystals frequently shoot out consistinn 
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tribromonltraniline This however is attended with loss, since the perbromide is 
partly converted by the ether into mtrobromobenzene. 

The ;8-perhromide is precipitated by bromine-water from the aqueous i3-nitrate, in 
slender orange pwsms almost insoluble in water and in ether, but easily soluble 
in warm alcohol, whence the compound is deposited on cooling in well-defined 
crystals. 

On heating the aloohobe solutions of the o- and ;9-porbromide, «- and l3-nitrobromo- 
benzene, C‘H'‘(NO“)Br (p. 416), are obtained. 

The o-perbromide treated with aqueous ammonia is converted into o-azo- 

nitrophenylene-diamine, |lp, or diazouitrobenzolimide, 

)] which crystallises in orange-coloured needles, melting at 62®, 
The /3-perbromide yields in hke manner a compound having the same composition, 
hut ciystallising in very brihiaiit yellow rounded plates which melt at 71°. 

Trlbromonitrophenylamine, or XTlbromonltranlllne, G'H^Br^NO')!!. — 
Produced as above hv the action of bromine on aaodmitrodiphenyldiamuie. To obtain 
it pure, the ethereal solution is evaporated to dryness ; the residue is dissolved m 
warm doohol, the solution is mixed with water ^ it becomes nulky and deposits 
crystals, and the crystals are thrown on a filter, pressed between sheets of ffl.ter-paper 
to remove any adhering nitrobromobenzeno, and farther purified by orystaUisation 
from weak alcohol. It crystallises in small sHghtly yellowish plates which cannot be 
sublimed without decomposition. (Q-rieas.) 


n. Deetvatives cur Anilike pobmed bt eeelaobmbnt op Htdboobn not 

BElONQlNe TO THE PHEim.-BAIJIOI,B. 

The extra-radical or typio hydrogen of aniline may be replaced wholly or partially, 
both by acid and by alcohol-radicles. In the former case, neutral or acid amides are 
produced, such os phenyi-ocetamide,* (C‘H*)(C^H’0)HN, phenyl-dibenzoylamide, 
(C‘H‘)(0’H'0)®N, &c These compounds are dosoribed with the several acids, or in 
separata articles. In the latter ease, basic amines are formed, aneb as methyl-aniline, 
(^H‘)(OH’)HN, raethyl-amylaniline, C‘H‘)(CH;'')(C‘H‘>)N, &o.- these will be de- 
scribed m the following pages They are produced by the action of the bromides and 
iodides of the sloohol-radioles on anilino . those in which the whole of the hydrogen is 
replaced by alcohol-radicles are capable of uniting with the aloohobe iodides, forming 
compounds belongmg to the ammoninm-type (see Phenybamkonihus). 

0“Hn 

AHylanlUne, or Allyloptaenylamine, (H. Sohiff, Ann. 

H ) 

Ch. Pliarm Suppl hi. 364.) — A mixture of aniline and iodide of aUyl becomes heated 
to 100° in a few minutes, and forms a very soluble eiystalhue mass of hydriodate of 
allylandine The free base separated from this salt by potash is a yellow Hqiud of 
specific gravity 0-982 at 26° ; havmg an odour of aniline and of geraniums, and a 
burning taste , slightly soluble in water. Its salts are crystalline, easily soluble, and 
are coloured violot by hypochlorite of calcium. The concentrated solution of the 
hydrochlorate gives with platmio Monde a dark ycEow precipitate, which usually 
separates as a resin becoming cryataUme after a while. It is shghtly soluble m water 
and in alcohol, and contains 2(C"fl‘'lir HCl)Pt'’'01'‘ (p. 469). 

The free base treated with (rnaniAoi yields heptylideno-diallyl-diphenyl- 
diamine, (G’H>^)"(C'H>)=(C“H»)W. 

c«Hn 

.amylanlllne, = C?'BL‘'hN. (Hofmann, Ohem. Soe. Qu, J. iiL 297; 

H ) 

Ann Ch. Pharm. bcxiv. 153) — Toobtain this base, a mixture of aniline and bromide of 
amyl is set aside at the ordinary temperature for several days ; the mother-liquor, eon- 



T” easily produced I .f--,.--... 

■ ■ ■ - .aH»0i-H!0 = ( r S-. » 

- I - I Ue porcfflu-llke , - > • 

Tomiiie oils ; crystallises on cooling from a not agueous aoiuuoo 
1 of lemons, in large needles. It melts at 101°, and boils at 296° 


= 1 099 at 10 6° Vapour-density, obs. = 4 807—4 887 1 calc. = 
loldlng anlltoe and a small quantity of another basic olUO r o v 11 1 o 


Von. rv. 
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, and the bromide of amyl is distilled off: 
aC'H'N + C’Hi'Br = C"H'N.HBr + C"H»N. 

Or a mixture eoiitaining a larger quantity of bromido of amyl is heated in the water- 
bath; tho oxeeas of bromide of amyl removed by diatillatiou , and the remaining 
bydrobromatB of amylauibne docompoaed by potash, whereby the uraylanilme la separated 
in tho form of an oil, which may bo pnriliod by solution in ether, agitation with water, 
and ovnporution of the other. 

Arnyhiniliue la a colourloaa oil, which boils steadily at 268°, hiis an agreeable odour 
liku that of roses at ovdiimty temperatures, but an offensive odour of fuael-oil when 
heated, Hcatod with bromide of ethyl to 100°, it is converted igto hydrohromate of 
ethylamylanihno, and with bromide of amyl into diumylanihne. 

Its compounds mth hydrohromie, hydrochloric and oxuhe acids, form beautiful 
crystals, which have a fatty lustre, dissolve .sparingly in water, and when heated with 
water, rise to the surface in the form of an oil which solidifies on cooling —The chloro- 
platiuate is precipitated in tho form of an imctuous mass, which ciystallises onljf after 
a considerable time, and when a portion of it has suffered decomposition. 

DuiTTLANitiNE, C'“H=>N =■ (Hofmann. Ann Ch. Pharm. Ixxiv 16S.) 

_ Amykmlina heated fur two days in tho water-bath with excess of bromide of amyl, 
yields ctyetols of hydrohromate of diamylaniluie, from which the base may be separated 
us above. It is on oil boiling botwoou 275° and 280°, and having tho odour of amyl- 
ainUno. 

Its salts aro nearly insoluble in water, so that when the base is heated with dilute 
hj'droohlorie or sulphuric acid, the resulting suit rises to the surface in the form of an 
oil, which on cooling solidifies in a crystalline mass having a fatty lustre. — The plak- 
nuin-salt, 2(C'“II°’N HCl)?!*’©!*, is precipiuted, on mixing the hydroehlorate with 
tetmclilondo of platmnm, m the form of a yellow oil which quickly solidifies to a 
brick-rod crystalluie mass , oloobolic solutions immediately yield cryst^. 

CetylanlUne, =. C"’H“>'N. (Fridau, Ann. Oh. Pharm Ixxxiu 25.)— 

Iodide of cek’l heated to 100° with excess of aniline yields crystalhne hydriodate of 
aniline and free cetylamine, which moy be separated from the crystals by moans of 
water and ether, and purified by eonvcrting it into a bydxoohloratc, decomposing this 
salt by potash, and recrystaUising the free base thus obtained from alcohol. 

Ootylamline crystallises m silvery scales which melt at 42°, and solidify at 32° to a 
ycllowish-wbite mass of crystullmo rosettes. It is insoluble m water, easily soluble in 
almJiol and ether, docs not precipitate metalhe salts, and has no notion on vegetable 
colours 

Tho hpiroaUorate c^stallises in shining plates —The ehloroplatmaie (2C“H“N. 
HCl),Pt''Cl*, is precipitated m reddish-yellow crystalline flocks on adding water to a 
mixture of hydroehlorate of cetylaniline and alcoholic platiuie chlondo The rntrate 
CPjBtaUises in shining lamina!, tho alcoholic solution of which is partially decomposed 
by e^vaporation. The^ oxalate forma coloiu-less confusedly mterJaced needles. Tho 


1, Cliem. Soc. Qu. I. iii. 285 ; 

Ann. Ch. Pharm Ixxiv. 128.) — ^A mixtnro of aniline and excess of bromide of ethyl 
gently heated in an apparatus which allows the condensed vapours to flow hack again 
passes into spontaneous ebullition, and afterwards on eoohng yields crystals of hvdro- 
broniateo^thylanUme C«H'N + C^H^Br = C«H‘>N.EBr The aqueous solution of 
the hydrohromate of ethyhmilme is mixed with concentrated potash, and the brown od 
which rises to the surface is removed with tho pipette, dried over hydrate of potassium, 
and rectified r “v 

, “ a transparent, colourless, strongly refraoting oil of sp, gr O'064 at 

18 , boils OTPStantly at 204°; smells like anihne, does pot produce any blue colour 
mth cblonde of hmo ; colours flrwood and eldor-pith yeUow, but much le63.etrondT 
thananilino. It is soluble in olcohoh 

JOecummtitiom.—X. Ethylaniline quickly turns brown when exposed to the air or 
even underthe mereinfluenceof hght.— 2. With hroimne it forms a neutral (tribro- 
maniJiiio t) and a basic compound —3. It takes fire in contact with diychrcmiic acid — 
4. yfm phosgene got it acts violently, forming a hydroehlorate and an indifferent oil — 
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6. ■With suliphide of carbon, it slowly givss off sulphuretted hydrogen. — G. Oyanogm 
gaa passed through alcoholic ethylanilmo, forms short prisms probably consisting of 
cyiinethylaniJine, This compound is separated in tlie pulverulent form, on 

adding ammonia to the solution of the crystale in dilute sulphuric acid: its solution in 
sulphuric acid, on being mixed with strong hydroohlorio acid, deposits the hydrooblo- 
rate ID beautiAil crystals , its platinum-smt is very soluble. — 7. Etbylandine absorbs 
gaseous chloride of cyanogen rapidly and with rise of temperature, and then solidi- 
ties ou cooling in the form of aresmous mixture eontaininga neutral oil and the hydro- 
chlorate of a volatile oily base. — 8. Ethylaniline heated for two days m the water- 
bath with iodide of methyl yields crystals of hydnodate of methyl-ethyl-aniline 
In like manner with bromideof ethyl bromide of amyl, 
it yields the nydrohromates of diethylaniliue (C'!H“)(C“H‘)®1S', and ethyl-amyl-aniline 
(C%»)(C’H=)(G‘H»W. 

Comhinations — The salts of ethylaniline dissolve veiy easily in water, less easily in 
alcohol, from which also they oryshilhse hotter. The sulphate and hydroclilorate have 
not yet been obtained in the solid form. The %ifroiro»ias!e, HBr, prepai'ed 

as above, orystalhses from the alcoholic solution by epontaneous evaporabon. m large 
tables At a gentle heat it sublimes in needles without decomposition, but when 
quickly heated, it is resolved into aniline and bromide of ethyl. It dissolves veiy 
ifttddy in water. 

Mercanc cldondc and iricMorido of gold added to hydroclilorate of ethylaniline 
throw down yellow oils which qiuoldy decompose 

Chloroplatinate of Ethylaniline, 2(C*H"ir,H01) l?t'’OK— A saturated aqueous solu- 
tion of hydroclilorate of ethylaniline, added to a concentrated solution of plotinio chloride, 
throws down an od of a deep orange-yellow colour, which, after a few hours, solidifies 
in the crystalline form , a somewhat more dilute mixture deposits after a few hours, 
6|)lendid needles an inch long, which must he washed with a mixture of ether and a 
little alcohol. The crystals are permanent at 100°, and dissolve veiy readily in 
water and alcohol, 

DiETaniAiniiNi. (Hofmann, Ann. Oh. Pharm, Ixxiv. 

135.) — ^Tho hydrobroniato of this hose separates in crystals from a mixture of ethyl- 
aniUne with a very large excess of hromids of ethyl, and when freed from adhering 
hromido of ethyl, and treated with potash, as m the preparation of ethylaniline, yields 
diothylandine, as a transparent, oolonxleas oil of sp. gr. 0 936 at 18°, boiling with per- 
fect steadiness at 213 5°, and exhibiting with firwood and cUorideof lime, the same reac- 
tions as ethylandme. It remains transparent and colourless when exposed to the air. 
"With iodide of ethyl it yields iodide of trietM-phenylammonium, (C*H*)*(C"H‘)'NI. 

Hydrobromak of Ekihylaniline, 0'“H'‘NHBr, prepared as above, forms largo four- 
sided tables, which at a gentle heat melt and suhlimo in needles without decomposition ; 
but when quickly heated, are almost wholly resolved into on oily distillate consiating of 
ethvlanihue and bromide of ethyl. 

Chloroplatinate of Eiethylaniline, 2(C’'’H'‘N.H01).Pt'’Cl*, is precipitated from some- 
what concentrated solutions of hydroehlorate of diethylanihne and tetrachloride of 
platmum, in the form of a brownish-yellow oil which soon solidifies in a hard massj 
but from more dilute solutions it is gradually deposited in yellow pidsma which may 
bo purified by crystallisation from nlcobol. It is less soluble both in alcohol and in 
water than the platmum-salt of ethylaniline (Hofmann.) 

C»H‘Br) 

ETHZfflBOMArrii.iNB. G*H'°BrH = 0®H“ PH. Bromamline treated with excess 


of bromide of ethyl is quickly converted into hydrobromate of ethylbromamKne(p 278) 
which, when treated with potash, yields ethylhromanilme exactly resembling othyl- 
chlora ni l in e Its platmum-salt is a viscid oil. (Hofmann, Ann Oh. Pharm. Ixxiv. 


ETHXiPHioBiNiLnra. GWOIN 
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of chloramKno and 


excess of bromide of ethyl, kept for some days at 100°, and then freed from excess of 
bromide of ethyl by distillation with water, leaves a solution of hydrobromate of ethyl- 
ohloranibno, on which a few drops of the base float This base is completely separated 
by potaeh“in the form of an oil of high hoihng point, remaming hquid below 0°, and 
having an odour like that of auise-oil. 

The'ealts of this base are much more soluble than those of chloraniline. 

Tbs sulphate and oxalate crystallise; the ehioroplaiinate does not. (Hofmann, 
Ann. Oh, Pharm. Ixxiv. 143 ) 


0 0 2 



452 


PHENYLAMINES : 


DuiTHYMHLOBAMiLiNB. C">II“C1N = ^ mixture of l)romide of ethyl 

and ethylchloraniline dried in a hot current of air and heated to 100° for two days, 
IB eonrertod into hydrobromato of diethyleldoruniline , and from this the baae la 
eepiiratcd by potash as a brownish oil, which is purified by solution in ether, &eed 
from potash by washing ivith water, and from other by evaporation. 

Tho solution of tho base in hydrochloric acid yields with platmio chloride an orange- 
yellow crystalline precipitate of tho chloroplatiuatc 2tC"’H''GlN.HCl).Pt‘’01b (Hof- 
mann, loc. cit) 

ETim,-iaiTL-Aini.tNB. C"H“H = 

heating allylaniline with iodide of ethyl for two or three days, as a crystalline mass, 
from whidi potash sepaiates the base as a tbiek yellow oil having no charaeteristie 
odour, distilling between 220° and 225°, and forming soluble salts An acid oxalate, 
C‘'H“N.C'‘H’0^ crystalliBes from a solution of the base in excess of hot aqueous oxalio 
acid, in spheiiotd groups of small needles. (Schiff, Ann. Ch. Pharm. Snppl in 364.) 

C"H» 1 

ErHYn-Ajm-AinLiNB. = G“H“ >-N. (Hofmann, Ann. Ch. Pharm. 

Ixxiv 166). — k mixture of nmyhmiline and excess of hromide of ethyl {vtd. sup.), or of 
cthylauilme and excess of hromido of amyl or of lodido of amyl, which acts most 
quickly, is heated in the wator-hath for two days, and the base is separated from the 
resulting hydrobromato of etliylamylanilino as in tho preceding case. The product 
is a colourless oil, boding at 262°, thoreforo only 4° higher than amylamline. 

When boated with iodide of mfki/l it yields the iodide of methyl-ethyl-amylo- 
phenylanimonium, (CH»)(C>H‘)(C‘H“ )(C»H»)NI. 

The Hifdrobromnic and Hiidrachlorate of Ethylamylanilim crystallise. The former 
is resolved by distillation into ethylanihue and bromide of amyl . 

G«H=‘NHBr = C>H"N + 0‘H'>Br. 


C«H“1 

— The hydriodate is obtained by 

C?H‘J 


The cMoroplatmaU is precipitated in the form of on orange-yellow Tifloid liquid, 
which solidifies in crystals fusible at 100° 

C'H*) 

Kethylanlllne. O'H'N = CHvH. (Hofmann, Ann Ch. Pharm. bcxlv. 150) 


— This base, motameno with henzylamine or toluidine, (C’H’)H®N', la produced by tho 
action of iodide or bromide of methyl on amhne. The mixture, which ahould bo made 
gradually, to avoid too great a rise of temperature, soon solidifies to a crystalline mass 
of kydnodate or hydrobromato of methylanilme, from the aqueous solution of which 
the oily base may he separated by potash. 

Jlothylaniline is a transparent oU, which boils at 192°, has a peculiar odour, and 
colonrs aqueous chloride of lime violet, but not so strongly as nnuine Its salts are 
epanngly Boluble in water, and are separated from their aqueous solution in the 
orystallmo state by acids. 

The cMoioplaiiuatc, 2(C'H'‘N HCl) Pf'Cl'*, is preeipitoted in the fom of a limpid oil, 
quickly changing to mle yellow orystallme scales which must be quickly washed inth 
cold water and dnou They soon turn black from decomposition, and when nlcoholio 
solutions are used, a black mass is immediately precipitated. 

The oxalate crystallises readily, but quieldy decomposes, reproducing aniline. 


METiin.-AirYn-Ann.iNB, G’^’”H = CH* tN, is produced by the distdlation of 


hydrate of methyl-ethyl-amyfc-phenylammonium, water and ethylene hemg given off 
at the same time; .r 


[(CH»)(C*H*)(WH«)(C"H‘)N]HO - (OH«)(C»H'>)(C»H‘)H + C*H* -h H*0. 

It is an oil having an agreeable odour. The chloroplatinate, 2(0‘’n'*N.HCl).Pt‘'CP, is 
a crystaUine precipitate. (Hofmann, Ann. Ch. Pharm. hcxix. 16.) 

(PH*) 

MBTBYn-ETIfYt-AHllINB C*H'*N = CH*>H. (Hofmann, Atiti. Ch Pbneen l-rriv 

C“H‘J 

162,)— Ethylanih’ne heated with iodido of methyl for two days to 100°, yields crystals of 
hydriodate of-methyl-ethyl-anihne. Tho base separated therefrom smePs like ethyl- 
aniline, hut is not coloured by chloride of hme. Its salts are very soluble and mostly 
uni'rystallisable. 
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CHS 

yaenylanlllne*.— 1 ’DipicmiLuems, 0'’H'‘N «« CHoLN. (Hofmann, 

R y 

Ann. Oh. Pharm. oxxxii 163 ) — This base, isomeric -with xenylamme (0''H*)H“N, is 
proiluoed hy the distillation of tophenyl-Tosaniline fanihne-hlne), 0“H"'(0“H*)®N'‘. 
When commoroiiil anilme-bliiB is subjected to distillation, a fauitly yeUoTrish liquid 
passes over, and when the portion which distils between 280° — 300° is mixed with hy- 
drochloric ncid, it immediately solidifies to a hydrochlorate, sparingly soluble in strong 
hydrochloric acid, easily pnnfted by washing with alcohol and recrystallisation from 
Scohol. This salt mixed with ammonia yields colourless oil-drops which sobdify 
in a few seconds to a h(U.d ci'ystalhiie mass of dipheiiylamine. 

This base is also found in small quantity amongst the products of distillation of 
rosaniluie, leuoamlmc, and melaniline 

Diphenylamine has a peculiar odour of flowers, and an aromatic taste with burmng 
after-taste It melts at 46° to a yellow oil, which hods constantly at 810°. It is 
nearly insoluble m KMter, easily soluble in edookol and ttier. Heither the aqueous 
nor the alcoholic solution exhibits the slightest alkaline reaction The ciystals treated 
with coueeiitrated acids are immediately converted into the eorreapouding salts, whioli 
however are extremely nngtablo, the base being separated from them even by water m 
oily drops which soon solidify to crystals. Prom the hydroohlorate every trace of the 
base may be removed by prolonged washing with water. The hydrucMorate, 
C'*H'"N.HCI, is obtained byrecrystaflisation from alcohol m white noedles, which soon 
turn blue in contact with the oir 

Diphenylamine and its salts treated with strong aciif immediately assume a 
splendid blue colour ; the reachou is best exhibited by mixing the base with hydro- 
ehlorio acid, and then adding mtrio acid by drops, it is very delicate, and serves to 
distinguish diphonylamme from all similar bodies excepting phenyl-tolylamine (p 454). 
The compound to which this blue colour is due is likewise produced by the action of 
other oxidising agents , thus on mixing a solution of the hydrochlorato with flutvim 
Monde, a blue solution is formed, from which the chloroplatiuate separates only on 
very strong oonoeutration, and even then deeply colom'ed 

When diphenylamine is mixed with iolmdme (benzylamine) and the mixture treated 
with mrouno oUonde or weewto aoid, or any of the other reagents by which or- 
dinary anihne is converted into aniline-red, a fused mass is obtamed which dis- 
solves in alcohol with splendid nolet-blue colour. The body thus formed which 
has the character of a true dye-stuff, is probably monophenyl-rosauiline, 
C“H‘«(0“H»)N=.H»0. 

An alooholio solution of diphenylamine mired with bronune, yields a yellow 
crystalh'ne precipitate of tetrabromo-diphenylamine, C'“H’Br'N, probably =a 
(C®H*Br*)“HN. It is sparingly soluble in cold alcohol, and separates from boding 
alcohol in beautifnl silky crystals 

Diphenylamine heated with oUortde of hmzoyl yields diphenyl-benzamide, 

I * thick oil which orystalhees on cooling. (See Phenti.- 

BEKaA.MrDEs) 

2 Tnn?iniim,Aitrm. C”H'^ = (C'H*)''^. l>iphcnyl-anihni. (Gossmann, 
Ann. Oh. Pharm, o 57.) — This base has not yet been obtained cbrcetly from 
anihne or any other phenyl-compound; hut a base metamenc, or possibly identical, with 
it is produced by the distillation of sulphate of cmnaniyl and ammonium with slaked lime : 

2[C>H’(NH*)S0q + Ga'H^O"^ = H- NIP + 2H*0 + Ca'ffS»0«. 

The distillate, which consists of a dark yellow oily liquid and a watery ammoniaoal 
liquid con taming the organlcbase, is boiled with carbonate of sodium or dilute potash-ley, 
till all the ammonia and volatile hydrocarbon, Soc, are expelled, the fixed alkali re- 
moved by repeated washing, &c., with diminishing quantities of hot water ; and, after 
tlie water has been separated as completely as possible by decantation, the oily base is 
distilled in a slow stream of hydrogen, the temperature being kept low at first to evap- 
orate the water, and the base afterwards distilled off between 110° and 160°; this 
temperatm'e should be kept up as long as possible, sines the base decomposes at 
higher tempemtures 

The base thus obtained is a colourless oily liquid, which, on exposure to the air, 
be,'. meEj-yellow at first, and afterwards red It boils between 140° and 150°, and dis- 
solves sparingly in water, readily in aloolml and eihir. 

The salts are very unst.ible, all of them, oxeeptmg the oliloroplatinate, decomposing 
spontaneously on exposure to the lur either in aqueous or alcoholic solution. The 
hydrocUoraU crystallises in shining lamime having a slight tinge of red The ohloro- 



464 


PHENYLAMINES : 


plaiinate, 2C‘*H''“IfCLPt‘'Cl’, separates on mixing tho alcoholic hydroohlorate irith a 
moderately strong and neutral alcoholic solution of platinic chlonde, as a dark yellow, 
hulky, floceulent precipitate, permanent in the air, and crystalhsmg from alcohol of 
7fi— 80 per cent, by evaporation over oil of vitriol, in brown glassy crystals belong- 
ing to the rcgidar system. 

An alcoholic solution of the free base mixed with alcoholic platinic chlonde, forms a 
bulky precipitate of the compound C'"H”lSr’Pt01‘. Analogous compounds are obtained 
■with memtne chloride and sUver-nitraU. 

The base above described is usually regarded as triphenylamiuo, hut it has 

not been showm to yield by decomposition any compound of phenyl, or any of the usual 
prodiieta of decomposition of phenyl-compounds, and the mode of its formation seems 
rather to show that it is dieinuamylamine, liVith todide of ethyl, it 

yields the coraponnd C!««H“hlI = (C*Ii«)(C»H‘)*lSn or (C^H»)(0'H’)TOI (see phenyl- 
ammonium). 

Tolylanlllne, BenzylaniUne, Bbenyl-tolylamlne or Bbeuyl-benzyl- 
C«H‘l 

amluern 0'*H“jSr >=■ O’H’ rhf. (Hofmann, Ann. Gh. Pharm. cxxxii. 292.) — Produced 

Hi 

by the dry distillation of a salt of tritolyl-rosauilma (toluidme-hlue) in the same manner 
as diphenylamhio is produced from triphonyl-rosanibne (p 453) To prepare it, ft 
solution of crystallised acetate of rosanilina in twice its weight of toluioine (benzyl- 
amine) is boiled for some hours in a flask having a vertical condensing tube ; the blue 
mass is then distillod, and the distiUftte misod -with hydrochloric acid and then -with 
■water, whereby aniline and toluidino and other bases accompanying the phenyltolyl- 
amine are dissolved as hydroehlorates, while the phonyl-tolylamine remains as an oily 
layer, wliieh usually solidifles or may easily be pimified by rocfcifloation. The resulting 
crystals are itnally recrystallisod from alcohol. 

Phcnyl-tolylamme melts at 87® and bods 334'fi (corrected) It is much less soluble 
than diphonylamine Nitric acid converts it into a blue substance soarooly distinguish- 
able from that produced in like manner from diphenylamine. It unites with acids 
forming loosely oomhmod compounds ■wluchare easily decomposed by contact with ■water, 
by boat, or even by evaporation in a vacuum The hydroeUorate, C'*H”ir.HCl, 
ohtamed by adding concentrated hydi'ochlonc acid to a concentrated aloohoho solution 
of the base, oryst^ises in lamina. 

Phenyltolylamme fhsed with •mercuric chloride, forms a dark-coloured mass ■which 
di solves in alcohol ■with aplendid nolet-hlue colour, and probably consists of 
d iph eny 1-r OB ftniliu c, 

Phenyl-tolylamine heated with chlonde of Imcoyl, imm phenyl-tolyl-henz- 
amide) (C*S‘)(C'H’)(C»H»0)«N. 

Vinyl-aniline. C'H’N = (C'‘H“)(C*H“)HH? AceiyUaniline . — ^A base obtained 
together with other products, by the action of chloride of ethylene on aniline 
(ifatanson, Ann. Ch. Pharra leviii. 297). It ia probably identical mth ethylene- 
phenylamine, (C®)"(C’H‘)N (see page 456, foot-note). 

Tb. Pbenyl-dlamlneB. 

These are diatomic ammonias having 2 at. hydrogen replaced by phenyl, and 2 or 3 
other hydrogen atoms by a di- or tri-atomic radicle. 

Hofmann (Proc. Boy, Soc ix. 277 ; x 104), by acting upon amlme with dibromide 
of ethylene, obtained ethyleuo-diphouyldiamiue and diethyleue-diphenyl- 
diamino, according to the equations • 

2(G'’H».H’N) -H C»HW = (C=ff)'’(C'H»)'H»N» -t- 2HBr. 
2(G"H*.H».N) -1 2C’H‘Br* » (C2H')*(0»H*)W + 4HBr; 

and Sehiff (Ann. Ch. Phorm. Snppl in 343), by troaring amhno ivith acetic aldehyde 
(oiida of othylidene), has obtained two compounds of the same composition as the pre- 
oeding, hut difformg from them in physical properties, and related to them in the same 
manner as aldehyde to oxide of ethylene, and acetal to diethylate of ethylene, that is 
to say, containing ethybdene (ii. 598) instead of ethylene Their formation may be 
represented by eqiiahons exactly similar to the preceding, substituting 0 for BA 

Compounds analogous to the second of these bases are likewise obtained bytroating 
amlme with valerianic, oenauthyKc, benzoic, and other aldehydes, the general equation 
of their formation being : 

+ 2C-H-0 = 
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A phenyl-diamine containing a triatomie radicle, viz. formyl-diplieOTl-cliaTnine, 
(OH)'"(C“H“)“HN“, is produced by the action of chloroform on anrhno' (Hofmann, 
Prac. Boy. Soc. ix. 230), thus’ 

2(0“H“.mN) + CHOP = (CH)'"(0“H")TOI» + 3H01. 

Griess (Ann. Gh. Pharm. cxn. 257, Johresb 1862, p. 337), by passing nitrous 
acid into an alcoholic solution of aniline, has obtained azodiphenyldiamine. 


(C“H«7) 

C''H‘‘N* >=• N'" >N“; and similar compoun 


are obtained by the action of nitrous 


acid on aloohoho solutions of bromamline, chloroniline, and nitraniline. 

Lastiy, melaniline, C'®H‘®3ir“,may be regarded as cyano-diphenyl-diamine, 
CN 1 

(0''H=)'' >11“, and the base C‘®H‘'N", produced by the action of tetrachloride of carbon 


CN 


on aniline, as oyano-triphenyl-diamine, (G'H')*^!^. 


1. Ethylene-compounds. 

Ethylene-tUplienyl-aiainine. C'*H'W ■=> (C®)”(C“H*)'H*N*.— This com- 
pound is obtained by treating bromide of ethylene with a large excess of anilino (1 Toi. 
of the former to irol ofthe latter). The mixture rapidly sohdifles to a crystalline mass, 
ftom which water remores a considerable quantity of bydrochlorate of anilme, leanng a 
brown resinous substance, which gradnally but imperfectly solidifies This substance 
forms a bydrochlorate which dissolres but spai'mgly in strong hydrochloric acid, and may 
be readily purified by repeated crystoUisation from boding alcoliol. On mixing the 
aqueous solution of this piu'e hydrochlorato with potash or ammonia, ethylene-diphenyl- 
diamine separates as an od wmeh quioldy soUdifioB to a crystalline mass and may bo 
pm'ified by repeated crystallisation from dilute alcohol 
Ethylene-diphenyl-diamine is very soluble in akohol and ether. ' It melts at 69°. 
With hydroohlone acid it forms the hydiochlorate, 0'''H'“N* 2H01, or chloride of 
etliylene-dipheuyl-diammonium, (C*H'‘)''(0''E'‘)’'H*N-.C1* which when treated with 
platinu! ohlonde yields the ohloroplabnate, (C=H*)"(C"H‘)*H''N*CPP't'’01''. 

Dibromide of ethylene m presence of alcohol, converts it mto diethylene-diphenyl- 
diamuie ■ . 

(C“H*)"(C“H*)'H1N“ + C^H'Brs = (c4t‘)=(C“H'')»N» + 2HBr. 
Ethylene-dxphenyl-diethyl-diamine, C'®H“‘N“ = (C*ff)"(C“n®)’‘(C‘H“)’N«, 
is obtamed, in combination with hydriodic acid, by digesting ethyleue-diphenyl-diamme 
with iodide of ethyl for some hours at 100°. The hydrw&te, 0'>H®<N' 2HI, or iodide 
of ethylena-diphenyl-diethyl-diammonmmj 0’‘H^“H“r ■= (C*H')"(C“H'‘)'(0“H"PH“H'‘.I( 
then separates in well-defined prisma sparingly soluble in water, more soluble in alcohol. 
When treated with potash it yields the free base, 0'*H^''N“, which is also cryatidluiB and 
melts at 70°. The ohloroplahnate, C’‘HW“Cl'-.Pt'*Cl*, crystallises in needles. 

Diethylene-diphonyl-dlamlno. = (C%*)°(C«H»)W.— This base is 

produced, as ah'cady observed, by the action of bromide of ethylene on ethylene- 
diphenyl-diamine , abso, together with two others havingthe same percentage composition, 
by heating 1 vol. bromide of ethylene with 2 vol aniline. It was at first regarded by 
Hi” ’ ’ ’ (C'‘H'‘)"(C“H’)K, but its deportment with the iodides 

of . t to be a diamine It is polymeric, or metapolymerio, 

wltn me base cauei# vinyi-pnenylamine, which Natanson obtamed by the action of 
diohloride of ethylene on aniline, saA -mth. phthahdine, (C"’H’)ffH (?), which Dusimt 
found among the products of decomposition of mtronaphthalene 

Preparation —A mixture of 1 vol. bromide of ethylene and 2 vol aniline exposed to 
the heat of boiling water for an hour or two, solidifies to a crystalline mass consisting 
of hydrobromnto of aniline, together with three other bases, partly free, ipartly as hy- 
drobromates. Those bases are separated by their dilforent degrees of solnblily in alcohol, 
the first being extremely, the second but slightly soluble, and the third insoluble. To 
effect the separation, the solid mass is distilled with water to remove unaltered aniline 
and bromide of ethylene, and the residue is mixed with strong caustic potash, which sets 
free the portion of the bases combined with hydrobromie acid, m the form of a scmisohd 
resin. This is washed with water .md redistilled with water, whereby an additional 
quantity of unaltered aniline is expelled, and the residuary mass is treated with boil- 
ing spirit (methylated). The insoluble base is then left as a white powder, while the 
other two dissolve m the spirit, and the solution on cooling deposits crystals of the less 
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Bolublfl taBP, ■which is dicthylene-diphonyl-diainine, and constitatfla by far tha 
liirgest part of the product, while the more soluble base roioamB in solution.* Tha 
dietUyleno-diphenyl-diamme may be purified by two or three cryatallisations from 
alcohol 

Propcrim, — ^Diethyleno-djphenyl-diiirama crystallises in snow-white nacreous 
needles, tasteless, inodorous, insoluble in waier, soluble in boiling, less soluble in cold 
alcohol, Bolnblo in ether ; the solutions are neutral to vegetable colours It molts at 
1 48°, and begins to boil and distil at 300°, the greater part undergoing decomposition 
and yielding' eonsidorable quantities of aniline, together with other products not 
examined 

Tlie base dissolves easily in hydrochlorio, stilphuric, and mtrio acid, especially on 
gently heating the liquids, which on cooling deposit well ctystaUiscd salts. The 
hydrochlorate, 2HC1 or C^H’WCl^, forms yellow precipitates with atiric and 

platmic chlorides, the latter containing C‘"H“N’Cl-jPt‘'Cl’‘. 

The base is not acted upon in any way by bromide of ethylene, even after prolonged 
contact at 100° — 150°, but when heated for some time to 100° with the iodides of 
methyl and ethyl, it unites directly ■with them, yielding the componnds 0'“II'®NbCH“I 
and G>=H“N'.C=H'I. 

The methyl-compound, when freed from excess of metliylie iodide hy distillation ■with 
water, then washed ■with cold water and repeatedly erystalhsed from boiling water — 
mixed in tbo latter stages with a small quantity of spirit — is a crystalline yellowish 
compound which may bo dried at 100° without decomposition. Oxide of silver con- 
verts it into 11 powerftUly alkaline liquid resembling the solution ofhydi'ato of tetrethyl- 
ammonium, and yielding with hydrochlcwic acid and plctinio chloride, a pale yellow 
amorphous platmum-sali containing 2(C"'H'“N’ CH''Cl).Pt‘''CIl 

The ethyl-compound, is obtained in like manner, hut requires longer 

digestion. It crystallises in yeUowish-white needles which molt at 100° to a yellow oil. 
It 18 also decomposed by oxide of silver, yielding a strongly alkahno solution which 
forms with hydrochlorio acid and platinio chlonde the compound 2(0'''H‘“Iib0’H“01). 
Pt'iClb 

2. 'Ethylidene-oompounds. 

By the action ofaeeticaldehydoon aniline, two bases are formed isomeric 'Witli the ethy 
lene bases just described. At ordinary temperatures the action takes place with great 
violence, water being sepanated and a thick bro-wn liquid formed But if the two liquids 
before mixing are cooled hy a mixture of ice and salt, and the anihne is kept in excess, 
a more moderate, though still very rapid action takes place, and the resulting mass has 
only a slight yellow colour. This product enclosed in a sealed tube and loft to itself 
for some weeks, assumes a red colour which becomes darker on finally heating it to 
100° for a few hours. On opening the tube, the water formed dunng the reaction (p 464) 
is easily decanted from the thick liquid, and the latter, after being freed from excess of 
aniline by dilute acetic acid, may bo further purified by washing it several times with 
water, dehydrating it m the fused state with chloride of calcium, then dissolving it in 
a considetahlo quantity of other-nleohol to separate certain flocculent impurities, evap- 
orating the solution in a retort, and drying the residue for some time between 100° 
and 110°.t The product thus obtained is a shining, ropy, slightly 'violet-colourod mass 
contaimiig ethyhdeue- and diethylidene-diphenyl-diamine, which may he 
separated by boiling alcobol, the latter dissolving easily and abundantly tberem, while 
the greater part of tho former xemaiua undissolved and the rest separates from the 
alcoholic solution on cooling 

StbyUdene-diplienyl-dlaxnlne, = (C*H*)"(C“H“)’B;’N^ is obtained by 

repeated crystallisation from hot alcohol m spherical groups of (%Btals always having 
a faint yellow colour; in the perfectly pme state, it wo^d probably be colourless. 'When 
exposed to light and air it gradually turns reddish. It does not unite -with the wCiiker 
acids, but readily ■with the stronger acids. The sidphate, nitrate, and hydrochlorate are 
so extremely soluble, even in alcohol, that they cannot he made to crystallise. The base 
deliquesces in hydrochloric acid gas Tho acid solution of the hydrocMorate is pre- 
cipitated hy several metaUic salts. "With mereuno cldoride it forms a yeUow floocu- 
lont crystallina precipitate of the chloromercurate, 2(C'®"N’.HCl)Hg*CB, which is 


• The more soluble and the Insoluble base have tbo aarao percentage eomposltlon 
dlphenyl-diamlne. but tlielr rational formula! have not been determinea. it Is probable 
the former Ii etbylcne-pbenylainlne, C«H»N =. (C«H<)"fC«H9)N, and the latter i 


as diethylene- 
, however, that 
trlechyl ene- 


NVmn'iDn"8’'vbVl pbw” i;iS?(p”4S4) Tho former Is probably also Identical with 

+ The same method sen es lor tho pnrlflcatlon of the products obtained by the action of other aide- 
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Msolublfl ill water, but dissolves in alcohol containing hydrochloric acid, forming a 
solution from which aulphydrio acid throws down very finely divided mercuric sulphide. 
At 130° it turns red, begins to fuse, and mves off a large quantify of hydrochloric 
acid, leaving the compound HgW. 

% HCl).Pt‘'Cl'‘, 13 a yellowish-rad crystalline precipitate 

mac . . le in alcohol. 

nUtliylWene-dlplienyl-dlamine. C'E*"!!’ => — This base 

retniims on evaporating the aleohohc solution above mentioned, as a red resinous mass, 
and may be obtained by repeated solution in alcohol, and repeated precipitation from 
aeid solution, in soUd but not in crystalline form. It may also be prepared by the 
action of amUns on oxyclilonde of ethyhdene (ii. 699) ; 

(G*J)^ci='o + 4C«msr = (C!«6 ^)XC“h*)w + 2 (c»H’hr.Hoi) + ffo. 

It differs from the monoethylidenatad base in its inferior tendency to erystallise, hut 
resembles it very closely in solubility and in its heliaviour with acids Its solution in 
hydroohlorio acid gives with platimcoUoride, an orange-coloured crystalline precipitate 
eonsiating of 2(C‘“H‘“N“.HOi)Pt‘'Cl*, and with merourie chlohde a yelloivish floeoulont 
precipitate of the compound 2C'®H‘^-'.Hg"CP. 

Both the ethyhdene bases unite with todtde of ethyl, forming compounds probably 
similar in oouatitutioii to the ethylene-compounds already mentioned (p 466). On heat-, 
mg 1 at. of the diethyhdene-base with 2 at ethyhc iodide, a considerable portion of 
the latter remains uncomhined, but the resulting compound does not orystamsa well, 
and has not been analysed. 

3. Mmyl-diandnea containing other AUehyde-radkUs, 

DloIIyUdene-dtpheDyl-dlamlne. C'E'fll’ — Ptoducedby treat- 

ing aniline with acrolein, The action is very violent and requires to be moderated 
by a freezing mixture. The pungent odour of the acrolein is instantly destroyed,* and 
the product treated by the method of purification above described (p. 466), yields the 
diamine in the form of a yellow inodorous mass, which dries up to a varnish, and if it 
still retains a sbght excess of aniline, assumes a fins red colour when diy. It is 
insoluble in water, slightly soluble m alcohol. Its salts have not been obtained in the 
mystalhne state. The hydroohlorio acid solution mixed with alcohol yields pulverulent 
precipitates with mercui'ic and platmie chloride The nteinam-antt gave by analysis. 
21 24 and 21 38 pel' cent, platinum, the formula 2(C‘*H'*N*.H01)PtCl*, requirmg 21 2 
per cent. 

Xtlamylldene-iUpbeiiyl-diamlne. C“IP"N’ = |n^— P roduced by the 

action of valenildcUyde on aniline. The action is much less energetic tlian with acetic 
aldehyde, nevertheless it is attended with considerable rise of temperature and im- 
mediate sepai'ation of water The product purtfled as above is a tluek yellow oil having 
a bitter taste, insoluble in water, easily soluble m alcohol and etlier. It does not unite 
with acids , the alooholio solution mix4d with hydrochloric acid and platmie ehlonde 
and evaporated, does not yield any platinum-salt Heated with iodide and broimde of 
ethyl, it yields compounds having the consistence of turpentine. 

Altogether this and the foUowmg compounds differ considerably in their properties 
from the ethylidena-dianunes, occupying mdeed an intermediato place between basic 
amines and acid amides, and perhaps approaching more nearly to the latter. Never- 
theless their relation to the ethyhdene bases and them capability of uniting with the 
iodides of ethyl and methyl, make it more convenient to regard them as amines. 

Dlbenzylldene-aiplionyl-diamlne. compound 

was discovered by Laurent and Q-erhardt (Oompt. ehim 1860, p. 117), who called 
it benzoylunihde, and assigned to it the formnla 0'’H**N. It is pioduced by the 
action of aniline on bitter almond oil The two bodies act upon one another at ordi- 
nary temperatures, with separation of water, and the reaction may bo completed by 
heating the mixture to 100° tor d few hours The product is a orystaUine masswhich 
may Ij purified by repeated oryatallisation from hot alcohol or from alcohol and ether. 
It then forms crystalline plates, according to Laurent and Cterhardt ; Schiff, however, 
obtained it only as a yellow crystalline moss. Lanront and Gorhardt found that it 

* A resntrator moistened with a small quantiti or aniline afTords a very good protection against the 

intensely irritating vapours ot acrolein. (Schilf.) 
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«ould ba distiUod without decomposition and was thus obtained quite colourless; but 
according to SehifPit is in great part decomposed by distillation. 

Jiensdin, heated with undine to 100°, yields, with separation of water, a 

product which appears to bo identical with that obtawod with bitter almond oil, but 
nryataUiaes more readily from other. (Sehiff ) 

Dibenzylideno-diphcnyl'dianuao is tasteless aud inodorous, very feaible, insoluble m 
water, very soluble in alcohol and in ether. It dissolves in bot strong hydrooUuno 
fwid, and does not appear to bo decomposed by hoihug the solution , hut is sopimited 
in its original atate on addition of ammonia It is not dissolved by acetic acid. By 
boiling with strong mine or sulphuric acid, it is resolved into bitter almond oil and 
anihne. Uronwic passed into the alcoholic solution throws down ciyatallmo tribrom- 
aniline (Laurent and G-erhardtV It does not form a chloroplatinate. It unites, 
but slowly, with wiide of ethyl. Wen 1 at. of the diamine aud 2 at. iodide of ethyl 
are heated together for two daye in a scaled tube, a considerable portion of tha latter 
remains undeeoi^osed. According to Borodine (Ann. Ch, Bbarm. cxi 254), ben- 
*oyl-anilide, umtes voth 1 at. ethybe iodide, and the compound boiled with 

potash yiel^ an allmline mass which decomposes by distdlation, yielding a strongly al- 
kaline bquid. According lo Sehiff, however, the alkaline mass thus obtained is nothing 
but a mixture of the original substance with andine, which passes over on distilkhon. 

Tha diamine when exposed to tUo air, especially if moist, assumes a blue-green 
colour, and is ultimately converted into a coloured amorphous mass A blue colour is 
also produced by heating its idcoholio solution with nitric acid or with merourio or 
platinio chloride, also by heating it m sealed tubes with ammonia. As die diamine 
oontoius the radicles phenyl and beuzylidene, the blue substance produced in tlieso re- 
actions is probably related to tho amlino dyos (see Appendix io PinsNTLijnNia). 

The neutral dinmiao obtained either by tbu action of bitter abnond oil or of benzoin 
upon aniline, undergoes a remarkablo change when kept for some months in sealed 
tubes at ordinary temperatures, or heated for about ten hours to 180° and at last to 
200°. It IS then converted without change of eomposiaon into a basic substance capa- 
ble of fotBimg salts with acids. Tho basic modiflcation is a brown glassy substanco 
much more soluble in alcohol than the onginal body, less crystallisable, and in contact 
with aoidsj immediately acquires a deep red colom'. Its salts are spanngly soluble in 
water, ca.sily in alcohol The Lydiochloratc gives precipitates ivith mercurio aud pk- 
tinio chloride. The platinumsalt contains 17 6 per cent, platinum, agreeing with 
the formiik 2(C”H’=N“.HCl)PtCl*, which requires 17’6 per cent 
This basic diamine is related to the original compound in the same manner as 
the ethylene-bases to the ethykdone bases above desenhed, or as amarine to hydro- 
benzamide; it ma^thereforebe colled dibenzyleno- or ditoluylone-diphenyl- 

' 13cmyHiene-dilthyl-dipheni/l-diam.ine. =. (C’H")WH:*y 

(C‘H‘)*N’. — ^Produced by the action of bitter almond oil on etliyl-aniline, generally in 
the form of a resin, which may he obtained in solid form by repeated separation from 
its metalho compounds. It is insoluble in water, spawngly soluble in alcohol, more 
soluble in ether. It does not form definite salts with aeid% but its solution in bydro- 
ohlorio acid gives a white precipitate with mereuno chloride, and yellow with 
platinic chloride, the latter containing 18'i per cent, platinum, while the formula 
2(C®H-‘N“.HCl)PtCP requires 18 6 per cent 
This ethylated diamine shows a still pmter tendency than the dihenzylidene Com- 
pound to form a blue eomponnd by oxidation. The somewhat ooneentrated alcohobe 
solution IS dark red by transmitted and dark blue by reflected bgbt. 

DUieptyUdene-diplienyl.dlamlne. C=«H»»N» = -Aniline and 

mnanthol act on one another at ordinary temperatures, produoinga rise of temperature 
of 40°— 60°, The product punfled as above is a yeUow, bitter, oily liquid which may 
be partially distilled without deeomposition. It is not basic, not even forming a 


sealed tube with excess of amylus iodide, it yields a yeUow viscous body containing 
2’18 per cent, iodine, the formula C“H‘'W.C*H“I requiring 22-06 per cent. 

Bepiylidone-diallyl-diphenyl-diamine, = (CW)* |l:l’— Pro- 
duced by the action of oonanthol on ajlylamhne: ^ 

2|^C?H»|n] + C’H»0 ° 
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tinaltered wMls the lest ia deoomposedj yielding cenauthol. It has no bask properties. 

EcvtvUden6-d%ethyl-d%fkenffl-d%arMne. S-N*. — 

(C“H’)’ ) 

Produced hy the action of rananthol on ethylaniline. It is a yellow oil which tarns 
hrown when heated, and distils, with some decomposition, between 215° and 220°. It 
does not unite, either with acids or with chlorides. 

Action of Amhna on Omnaomc, Oumimo, and Bahoflio Aldehydet . — ^Aniline nets on 
cinnamic and cuminio aldehydes in the same manner as on those above mentioned 
forming diamines which have no b.asie properties and do not combme with platmic 
cMoride The cinnamic compound is resinous ; the cuminic compound is a thick od. 
The resmoiis residue left in the distillation of ctunin-oil is not affected by aniline. 

Aniline likewise unites m a similar manner on salicylic aldehyde (aalievlouii acid), 
as observed some time ago by Sohischkoff (Compt rend. xlv. 272). The product 
is crystaUine, and eonsista of diphenyl-salioyl-diamide or aalicylanilide, 
a compound polymeric with phenyl-benzamide C'*H*'NO. Its forma- 

tionia represented by the equation: 20’H'0 + 2C»H’1I = + 2H*0. 

i, Formyl-oompownd. 

Sonnyl-fllphenyl-aiamlne. = (CH)"'vN*. — (Hofmann, Proo, Boy. 

H ) 

Soo. ii 229.) — This compound is formed by the action of chloroform on aniline: 

iC'HTfT + 0H01» = Ci'H'W.Ha + 2(C«H’lf HOI). 

Chloroform and aniline do not act on one another at ordinary temperatures, and 
scarcely at the heat of boiling water , hut on exposing a mixture of the two liquids m 
sealed tubes to 180° — 100° for ten or twelve hours, a hard brown orystaBme muss is 
obtained, consisting chiefly of the hydroehlorates of aniline and fonnyl-diphenyl-diamine. 
To purify the latter, the brown orystallme mixture is triturated with water and washed 
on a filter, till the precipitate obtained by adding potash to the wash-water, which is 
at first oily and consists only of aniline, gradually exhibits a tendency to sohdify and 
ultimately falls as a yellowish- white crystiilhne substance The residue on the filter 
is then to be dissolved in warm (not boiling) water ; the solution is filtered from a brown 
resinous substance, and precipitated hyammoma or potash; and the orystalhne precipi- 
tate thus obtained ia washed till free from alkali, and repeatedly crystalhaed from weak 

Pormyl-diphenyl-diamine forms a white erystalhno powder, or sometimes minute 
scales, generally of a yellowish tint, arising from a trace of a yellow substanee formed 
durmg the reaction, which adheres to it with great tenacity. It is insoluble in water, 
but dissolves readily in alooM and ether, and is precipitated from hot solutions by 
water as a yellow oil which solidifies to a white erystalhno mass on cooling. It is 
easily dissolved by mds, with many of which it forms crystaUine salts. These salts 
are not very stable, their solutions, especially when heated, being always found to 
contain more or less anihne. With potash or ammonia, they yield a precipitate of the 
base. The hydroahlorate contains C”H'“N“.HCl , the cUoroplatmate 2(C‘'‘H“1S“.H01). 
PtCT‘. 

6. Azophenyl-dtamines. 

Aao-aiphenyl-dlamlne. 0'»H“N’ = = 

Ann. Oh, Pharm. oxxi. 2S7 ; Jahresh 1862, p. 338 , Phil Trans. 1864, [3], 678 )— This 
compound, which contains the elements of anilino and azophcnyhuuine (p. 431), and ia 
accordingly regarded by Griess as diaeo-amidobemsene, C“H*(HH“), is produced. 

—1. By the direct action of amhne on salts of azophenylamme, the nitrate for example. 
• — 2. By the action of aqueous anihne-solta on the compound of azophenylamme with 
hydrate" of potassium : e.g, , 

C»H*N«.KHO -)- CHiNHCl = C«H'>N» + KOI + H«0, 

8. By the action of nitrous acid on an alcoholic solution of anihne : 

2C»H’N + NHO“ = C'H'W + 2ffO. 
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To prepata it by tlia last mentioned reaction, nitrons acid gas is slowly passed into 
a cooled solution of iiudiiie in fl to 10 pta. alcohol, till a small portion of the solution 
leaves on evaporation an ody residue, which solidifies to a crystalline rosin, or tdl this 
residue begins to he insolnhlo in dilute aoetie acid The brown-rod alkaline solution 
contains, together with aitodiphonyl-diumine, variable quantities of phenol, bensene, 
nitrate and nitrite of aniline, and nitrate of azophoiiylamino (p. 4:31b formed by the 
further action of thenitrous acid on the asodiphenyl-diumine On mixing the alooholio 
solution ivilh a latgii quantity of water, the diuraiiio separates as an oily mass which 
fifterwardu solidifies, sometimes in yeUow crystals. It may be freed from the mother- 
liquor containing the other substances just nioutioned, by pressiure and washing with 
cold water, and further purified by several roorystuUisations from hot alcohoL 

Aaodiplienyl-diamine crystallises in golden-yellow shining laminiB, or loss fiiequently 
in needles. It is tasteless and inodorous, insoluble m water, sparingly soluble in cold, 
more soluble in hot alcohol, and soluble m all proportions in ether. It melts at 91° 
to a red-hrown oU, which solidifies again in the Crystalline state at 50° ; at a higher 
temperature it decomposes, and if in lai'ge quantity, explodes violently at about 200°. 
It IB insoluble in the weaker acids, and is easily decomposed by strong acids, with 
evolution of nitrogen. It is only towards platinie chloride and nitrate of silver that it 
exhibits any basic character The platinum-salt, 2(C'*H”N*.HCl)-PtCl*. separates 
on mixing the alcoholic solution of the base with an acid solution of platinie chloride, 
in small reddish needles or prisms, nearly insoluble in alcohol, ether, and water, 
easily decomposiblo, detouatiug when strongly heated. With nitrate of silver the 
diamine forms u greenish-yellow precipitate, agreeing approximately with the formula 
C'^ni>N>.NAgO». 

Azodiphouyl-diamine, heated with strong hydrochloric acid, under a layer of other, is 
resolved into phenol, hydrochlorato of aniline, and free nitrogen ' 

+ H=0 + HCl = C«H*0 -s 0“HTir.H01 -r W. 

With bromine in ethereal solution it forms hydrobromate of azophenylamine, which 
separates out, and tribromaniline, which remeans m the motbor-liquor and afterwards 
crystaHises in white needles . 

C'=H“N* + Bt» = C*H<mHBr + C«H‘Br»N -b 2HBr 
Bromopierin is also formed as a secondary product. When the diamine, dissolved in a 
mixture of alcohol and ether, is tfeated with nitric acid containing nitrons aoid, nitrate 
of azophenylamine is formed, and separates in white ctystals : 

+ NHO* + 2NHO* = 2(G“S^N’.NHO=) -b 2ffO. 


Aeo-hromodiphenyl-diamine, C^H^Br^N’ => N'" >-N*, or Diacoamido- 

H ) 

bromohenicne, C‘Il*BrN’.C*H^Br(NH’) — ^Produced by the action of bromaniliaa 
on nitrate of azophenylamine (or azobromophenylamine) or of nitrons aoid on an 
alcoholic solution of bromaniline, and purified like the preceding It exhibits the 
sumo properties whether prepared from o- or fl-bromnniline. It forms yellowiah-red 
highly lustrous laminse and needles, very soluble in ether, and melting at 146°. In 
other respects it resembles iizodiphenyidiamine Tun platinnm-salt, 

PtCb, foims buff-colonred capillary crystals, which deflagrate easily and are nearly in- 
soluble in water and ether XiUate of stiver added to the alooholio solution forms 8 
yellow precipitate of the salt G“H."Br't?MfAgO’, (Q-riess, loo. cit.) 

(0“H*Br»)n 

Aso-dibromodiphciiyl-diamne, =» N"' >-N“, or Diaso. 

H i 

amido-dibromo-bencene, C“H=Br'N».C»H»Br’(NH*), is obtained in like manner by the 
action of nitrous acid on alcoholic dibromuniline, os a bulky yeUow precipitate consist- 
ing of a network of interlaced microBeopie needles. It is but very slightly soluble, and 
usually crystaUises from alcohol or ether in small golden-yellow needles, melting at 
167 6°, sometimes in yeHow-hrown granules, or yellow or ruby-red well-developed 
prisms, which latter however are converted by rccrystoHiaation into the golden-yellow’ 
needles. (Griess, loo. at.) 

, (C«H'Cl)n 

Aso-ohlorodiphenyl-dtamne,G^*'S?WW N"' bN’, or DumuamMo- 

chlorohenoene, 0°H*CQ?* C*H*C1(NH®), obtained like the corresponding bromine-oom- 
pound, forms yellow needles or laminae molting at 124 6°, 


Apo-dtchlorodiphcnyldiamine, C’ll'CPN’ 
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ikhloiolenxme, C3‘H’C1’N“.C“H'CP(NH’') — Produced by the action of uitrouB acid on 
alcoholic diohlorauilinfi, crystalliscB m ight sulphur-yellow, capillary needles, melt- 
ing at 126 5°, insoluble m water, very slightly soluble lu hot alcohol or ether Lite 
thocorrcspondingbromine-compounti, it does notformaplatmum-saH^ but rather beharee 
like an acid, bemg soluble without decomposition in caustic potash, (Griess, loo. nt.) 

[C“b:\no»j]“i 

Aso-nitrodiphenyl-iiamine, •=■ N"' YS.‘‘,otDiazoa'imdo~ 

H ) 

mtiobemme, C“H®(NO“)N“ C®H'(NO’)(HH“J. — Produced by the action of mtrous acid 
on an alcohobc solution of o- or ;3-nitraniline,* and exhibits corresponding isomerio 
modifications The a-eompound is insoluble m water, veiy sparingly soluble in alcohol 
and ether, and cryataHiaes from either of these solvents in ruby-red or reddish-yellow 
prisms, mostly WBU-defined It melts at 196 5°. 

The /3-oompound is precipitated as a yellow ciystalline mass consisting of an 
aggregate of granular or moss-hho microscopic crystals. It is insoluble in water, very 
sparingly soluble in alcohol or ether, mdts at 224:’6° to a reddieh-browu oil, and 
detonates at a higher temperature It is elmoet wholly indifferent, not fonning a 
compound even with chloride of platinum. With an alcoholic solution of eilver-mtraU, 
however, it forms a yeUowish-groen amoiphous precipitate. ^Griess, loo. oit^ 

Azo-phenyNuaplittiyl-dlamliie. ^ j-H’. (Griess, PhiL 

Tms. 1864, [8], 679.) — ^This compound contains the elements of azophenylamine 
and uaphthylamine, and is regarded hy Griass as diaoobenzene-amidonaphthalens, 
C'H'N’ 0"’H’(NH’). It is obtained as a nitrate m the form of a violet crystalline 
precipitate hy adding an aqueous solution of nitrate of azophenylamine to an aloohoho 
solution of naphthylamine 

CTON'NHO* + C'»H»N = C'«H'«N».NHO«. 

The nitrate purified by repeated washings with cold alcohol and reoiystalUsation from 
hot alcohol, forms well-deflued prisms of a magnificent grass-green colour by transmitted, 
hut ruby-red by reflected light It is almost insoluble in water and ether, but dissolves 
fteely in hot alcohol and separates almost wholly on cooling. 

The nitrate decomposed by ammonia or potash jyields the &ee base, which ciystalbses 
lu very brilliant ruby-red prisms, easily soluble lu alcohol and ether, forming yellow 
solutions to which acids impart a beautiful violet colour. With plaUmc cUondo it forms 
a purple-blue orystallino precipitate, and with nxtrate of stiver, a yellow precipitate 
composed of small fine needles. 

6. Cyanoplienyl-dtamincs 


There are two derivatives of aniline which may be classed nnder this head, namely 
cyano-dipb enyl-diamine, or melaniline, produced hy the action of chloride of 
cyanogen on anilme, and cyano-triphenyl-diamine, hy the action of tetrachloride 
of carbon on anihue The latter, however, is more probably a triamine, and will be 
described under that head (p. 466) 

Cyano-dlpbenyl-dlamlne or WCelanUlne, - CWCyN.C^HrN =» 

(C®)n (0«H')») 

ON >N“, might also he represented as caiho-diphenyl-dianuua, C*' VN’. 

H» 3 H» 3 

(Hofmann, Ann Oh, Pharm. Ixvii 129, Ixxiv. 8 and 17.) — This compound, which 
contains the elements of 1 at aniline and 1 at. cyanophenylaniine (oyanilide), is 
produced by the action of chloride or bromide of cyanogen on anhydrous aniline. As 
cyanophenylamine is produced hy the action of chloride of cyanogen on anilme dis- 
solved in anhydrous ether (p 442), it is probable that, in the reaction now under 
consideration, cyanophenylamine is also produced in the&st instance and immediately 
unites with a molecule of free auibne forming melaniline 

Preparation .. — ^When gaseous chlonde of cyanogen (obtained hy the action of chlorine 
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cium), is dissolTed in trater, tliti solntion teing accelerated Ijy addition of Iiydrooilorio add 
and boiling; tba bqnid filtered from the oil is precipitated by potash. ; and the -white 
•viscid precipitate, which immediately solidifies in the crystnlhne form (only after some 
time, however, if it eontoius iindecomposed anihne), is washed with cold water, till tho 
whole of tho chloride of potassium is removed, and purified by two cryatallisatioiis fiom 
a mixture of equal parts of alcohol and water, which yields the finest crystals. 

Piopertics. — ^Molaniline forms white, hard, easily friable, huninte and broad needles, 
■which float on water, but sink in tho fused state, and hatweeu 120° and 130°, melt into 
a slightly coloured oil, which solidifies in a crystallmo mass on coohng. It is inodorous, 
but has a hitter persistent taste , shghtly blues reddened litmus, but does not cliango 
the eolom- of turmeric ; it acquires a reddish tint when exposed to the air It dissolves 
spanugly in cold, more easily in boiling toatcr, and separates in small scales on cooKnz. 
It is easily soluble in alcohol, ether, wood-spirit, acetone, sulphide of carbon, and ous 
both fixed and volatile. 

Oeeomposttions. — 1. Melaniline begins to decompose between 1S0° and 170°, giving 
off aniline and ammonia. — 2. Ohlortne-vutBr added in very largo excess to hydro- 
chlorate of melaniline, couiplctoly precipitates the base in the form of a resinous mass 
piohably consisting of trichloromelanilmc. If the chloi'ino-wator bo gradually added, 
-till tho turbidity thereby produced no longer disappears on agitation, the liquid 
filtered &om the resinous precipitate contains hydrooHorute of dichloromelamline. 
— 3. 'Wheii bromine is added to aqueous hydroclilorato of melamhno in tho manner 
just doBorlbed -with reference to clilormc-wator. tho filtrate deposits, on ovapora- 
tion, needles of hydroclilorato of dihremomeliimlino, and tho mother-liquor mixed 
■with a lai^or quantity of bromine and evaporated, yields transparent, yellow, oily 
drops -which crystallise on cooling, and probably consist of tribromomelaniline ; 
Jirnniiuo acring in excess on hydiocMorato of nieliinihne forms a resinous substance 
still richer m bromine — 4. Alcoholic iodine added in excess to hydroohlorate of 
melaniline, throws down nearly the whole as a black viscid mass, which when the 
quantity of iodine is less, is precipitated in smaUer amount, while undeoomposed 
meliimhiio remains in solution — fi Fuming mine acid suddenly mixed ■with an equal 
quantity of melanihno, produces great heat, rising even to explosion, attended -with 
slight fuming; and, when gradmilly added, produces, according to the duration of the 
action, orange-yeUow crystals of an alkaloid with violet iridescence, and lemon-yellow 
pnams of an acid which forms scarlet salts with alltahs Moderately strong nitno acid 
added in gyeat excess or heated, hkowise exerts a decomposing action, — 6. Cpmiogen, 
gas passed through an alcoholio solution of melaniline, is abundantly absorbed, and 
the liquid, if then inclosed, in a bottle, deposits dieyanomeisniline, the odour of cyano- 
gen changing at the B.nn6 time into th,it of hydrocyamc acid, while the brown mother- 
fiqnor contains other pioducta of decomposition. 

Salta of Melaniline. — MeUniliiie is hut a weak hose, and does not precipitate 
ferric salts. It dissolves m acids very readily and with slight evolution of heat, and 
neutralises them completely. The salts are colourless or slightly coloured, mostly 
crystalhsable, and taste very hitter, -with firwood, chloride of Bme and eln'omic acid, 
they do not exhibit thecolouring produced by amlme-solutions. They are precipitated 
by ammonia and more completely by potash or soda (also by tho carbonates, -with 
evolution of carbonic acid, yiehliug a white, quickly crystallising precipitate), but not 
by aniline, neither does melaniline precipitate the amlino-salts 

Bydnodate of Melaniline. — Concentrated hydnodic acid converts 

meloiuline into an oil, which sinks to the hottora and gradually eolidiflea in a crystul- 
lino mass. It decomposes quickly on exposure to the air, with liberation of iodine. 
From a solution in boiling water, it separates on cooling in oUy drops which afterwards 
solidify. It dissolves also in alcohol 

Mydrohromate of Melandiru; C'H'W HBr —(hystoUises from water in stellate 
groups of needles very soluble in -water, less soluble in strong hydrobromic acid. 

BydrooUoraie . — ^Tuo aqueous solution does not yield crystals by spontaneous 
evaporation; when dried over oil of vitriol or in the water-bath, it di'ies up to a clear, 
slightly coloured gum, which erystullises very slowly. It is the most soluble in water 
of all the salts of melaniluio. A moderately concentrated solution of this salt mixed 
■with trichloride of gold becomes turbid after a wlnle, and deposits fine golden-yellow 
needles of the eUoroauraie, C>“H'W HCl Aua“. With a concentrated solution of tho 
hydrochlorate an immediate precipitate is formed. The ohloroaurate is hut slightly 
soluble w water, Platonic chloride forms -with hydroehlorata of melaniline r- light 
yellow slightly cnrstallino precipitate otthacUoroplatinatc, 2(G'=H'W.HCi) PtCP, and 
the filtered liquid deposits, after some time, orungo-colont^ crystals having the same 
composition ^ The platmum-salt dissolves in a sinuE quantity of boiling water, it is 
less soluble in alcohol, insolnhle in ether. Mercurio chloride forms in solutions of 
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aniline a wMte precipitate easily eoluble in hydrochloric acid, and forming a solution 
which deposits needles by spontaneous evaporation 

Ht/drofinate. — The solution of melajiiliua in ■weak hydrofluoric acid yields well 
devtioped crystals, having a faint reddish colour, somewhat soluble m water, less 
soluble in slcohol. 

Hitrate Mdaniline. C’TO’NMiOElO" — Crystalliaea on cooling from, the hot 
aqueous solution so completely, that the mother-liquor is but shghtly clouded by potash, 
and not by ammoma. The needles assume a faint reddish tint by exposure to the 
air, but are otherwise permanent. They dissolve also in hot alcohol, but are nearly 
insoluble m etbor. 

Argento-mtraU of Melamline, NAgO, is precipitated immediately on 

mixing the olcohoUo solution of melanihne W!,th aqueous nitrate of silver, as a white 
mass, which quickly agglutinates to a resin, and must be punfled from fcee melaniline 
by tnturation with alcohol ; from a clear alcohoho mixture of melamline and nitrate of 
edver, the salt separates after a few hours in hard crystalline geodes. 

Oxalate of MelanUtue. — ^Melamline forms crystals with excess of 

oxalic acid These erystals melt when heated, give off, with violent ebullition, equal 
volumes of carbonic oxide and carbonic anhydnde, Bmellmg stiongly of aniloeyanic 
acid, yield a distillate of aniline and a beautiful crystalline subUmata of dipbanyl- 
carbainida, and leave a clear viacid mass, which on eoobng aohdifles to a ream. 
The salt dissolves sparingly in cold water or alcohol, readily in boiling water or alcohol, 
but IS nearly insoluble in ether. 

The phosphate is very soluble in water and-ciystalliBes but slowly. 

The sidphaie, 20‘’H‘SN" Sff OS forms stellate groups of rhombic plates, sparingly 
soluble in oold,fi;eelyin hot water; soluble also in alcohol and ether. Melanimie 
added to sulphate of copper throws down a flocculenc double salt. 

DmnojiaimnAinLiNE. 0'®H“Br-N’. (Hofmann, Ann Ch Phorm. Ixvii. 148 ; 
Ohem, Soe. Qu. J. i. 299 ) — An aqueous solution of hydrochlorate of mdanihne 
mixed with bromine in small portions, till tlie turbidity begins to be permanent, 
yields, when filtered, evaporated, and cooled, stellate groups of hydrobromate of dibro- 
iiiomelauiline, which, when dissolved in water, form with ammonia a white crystaUme 
precipitate, mystallieing from hot alcohol in white scales. The base tastes very 
bitter in its solutions When heated above its melting point, it gives off pure bvom- 
amhne in the form of a colourless distillate, which eolidiflos in a yellowish cryatalbne 
mass, leaving a resinous mass similar to the residue obtained in the distillation ol 
melamline. It is nearly insoluble in water, but dissolves m alcohol and ether. 

Its liydrochhrate, C'®H"Br^' HOI, crystallises in white silky needles grouped in 
stars These crystals, when immersed in a small quantity of boumg water, melt into 
an oil which solidifles in the crystalline form on cooling , they dissolve sparingly in water. 

The hot saturated solution of the hydrochlorate forms with ptatinie cldonde an 
orange-yellow precipitate, which on cooling crystallises in golden-yellow scales, nearly 
lusoluhloin water, sparingly soluble in ether, somewhat more in alcohol, andcontainmg 
2(C‘’H''Br5N® HCl).PtClh (Hofm an n.) 

DiaHXOHOiiHLAMii.iifE. (Hofmanu, loe. oit.) — ^When chlonne- 

water is gradually added to hydrochlorate of melanihne, till the turbidity no longer 
disappears on agitation, the filtrate when evaporated and cooled, yields hydroohlorate 
of diehlopomdaniline in white stellate needles, or by further evaporation, as a yellowish 
oil which aohdifles in the erystaUine form Prom the solution of this salt in water, in 
which It IS but sparingly soluble (whereas it dissolves more readily in alcohol and 
stdlmore in ether), ammonia precipitates the base in snow-white flakes, which separate 
from the alcoholic solution in hard erystaUine laminae. 

Platinum-salt, 2(C''H'’CPN*HCl).PtCl‘. — The hydrochlorate mixed with tetra- 
clilonde of platmum, yields an orange-yeUow erystaUine powder which must be washed 
with ether. 

The resmons mass precipitated by mixing hydrochlorate of mclanilino with a vary 
large excess of chlorine water, which hardens after a while into on amorphous sohd, 
exhibits a neutral reaction, and is insoluble in water but soluble in alcohol, is probably 
triohloromelaniline, C’®N"OPH*“. (Hofmann.) 

DmioDOMBtAOTLnra. (Hofmann, Ann Ch. Pbarm. Ixvii. 162; Ghem. 

Soc Qu J. 1 . 303 ) — When chloride of cyanogen is passed through an ethereal solution 
of iodaiulme, a erystaUine precipitate of hydrodilorato of iodanUine is first formed, but 
if the passage of the gas be continued, the crystals disappear and the entire mass ohauges 
into a transparent resin of hydrochlorate of dmiodomelanilinc, which slowly becomes 
crystaUme, Prom this compound, potash throws down the base in the form of a white 
body, which crystallises indistinctly fiiom alcohol. 

The hydrooUorate dissolves sparingly in water and separates from the boiling solu- 
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tion on cooling in oily drops, wliidi reiy slowly change into white orystallino stars. 
'Xha chloioplatinate is not very eryotaUmc. 

DiNiTBOMEnANiUNa ■= (Hofmann, Ann. Ch. 

Phtvrm. IxTU. 166 ; Chcm. Sac. Qu. J. i. 306 ) — This base, like other aitro-deriviitives 
of anilnie, is snsctptiblo of two isoinorio modiUciitions . a. produced by the action of 
chloride of cyanogen on a-nitrauiline , (S. by tha action of fuming nitric aoid on mel- 
andme The two modifications closely resemble one another in physical and chemical 
propertios , hut when distilled with potash, the former yields a-, the latter fi-nitraniline. 

jPrepai atton, of a-miromelantlme — Gaseous chloride of cyanogen is passed through 
a solution of a-iiitramline tiU the other is nearly oraporated ; the remaining crystalhno 
nnxturo of undecomposod nitramlino, hydrochloratoofdinitromolanilme, and indifferent 
yellowish needles, is heated, with gradual addition of water, HU the mass, which at 
first melts into a brown od, is almost entu'oly dissolved; the liquid is cooled tdl the 
yeUowbh needles separate , the colourless filtrate containing hydrochlorate of dmitro- 
melanihno is mixed with ammonia, which thiws down the diratromeUnihne, as a 
quickly crystallising snlphur-yellow mass ; and this precipitate is freed from nitran- 
iliuo, with which it is generally mixed, by boilmg with water. 

Praperiiea. — Nitronielamline precipitated by ammonia or potash forms a scaly crys- 
talline moss, of a much p.dev yellow colour than nitraniliue , when precipitated fisim 
alcohol by water, it forms a gulden-yellow orystalline muss, and short flat nucrosoopio 
needles ; ftom ether by spoatancoiis evaporation it ciystallises in larger needles It is 
insoluble m water even at tlio boiling boat, sparingly soluble in alcoJtol, etdl less in 
etlior. When heated, it gives off a yellow vapour which condenses in brown oily 
drops chiefly consisting of nitramlino, and gradually crystallising, and leaves a brown 
resinous masa 

Hi/dnoMorate of DinitromelantUne, C“H"(NO’)-'N''.HCI, oiystalliees in flat shimug 
needles, sparingly soluhle in water. The ohloroplaiinate, 2[C'*H.'‘(NO^)'®N® HCljPtCP, 
is a yellow ciystidhne precipifnto whioli is spniingly soluble in water and alcohol, 
insoluble in ether, and burns with a slight deflagration when heated. The mirate 
IS sparingly soluble The orator forms easily solnblo orystoUnie grams. The sulphate 
forms white crusts which dissolve easdy in water. 

Sicyanomelanillno. C'‘H'W = C**H'W.Oy^ (Hofmann, Ann. Ch. Pharm. 
Ixxvii. 100 , Ixxiv. 1) — ^A saturated solution of meiamlme in cold alcohol absorbs a 
large quantity of cyanogen, and if the liquid bo then left to itself m a closed vessel for 
some hours, solubfios to a crystalline pulp which may he purified by washing with 
alcohol and recrystaUiaation &om Imding alcohol 

The product is dieyanomelaniline ; it forms yellowish needles not volatile without 
decomposition , when heated it gives off anihno and cyanide of ammonium, and leaves 
a resinous residue which chars at higher temperatnre. 

Hioyanomolandino dissolves in cold ddute acids, and if potash or ammonia be im- 
mediately added to the solution, tha dieyanomelaniline separates out unaltered , but it 
deoompoaca by prolonged contact with acids, so that it does not easily yield salts. Its 
solution in hydroolilonc acid becomes turbid in a few minutes, and deposits a yellowish 
confusedly crystalline mass of mclanoiimido (p. 286) the mother-hquor retaining sal- 
ammoniac in solution • 

+ flH'O = C'OT'W + 2iaP. 

, Dicyimomol- Mclaiioxlmide. 


O. PhenyltTlamineB. 

_ These are bases derivable from a triple molecide of ammonia, H'N» by the substitu- 
tion of one or more atoms of phenyl for an equal number of hydrogen-atoms, and of a 
polyatomic radicle for a number of hydrogen-atoms corresponding to its atomicity. At 
present, however, there ia but a small number of compounds known which can be 
referred to this class. 


C'T ) 

1. Carboinphenpl-tnamine, G'’K'W - (C»H*)*yir>. (Hofmann, Proo. Eov. Soc. 
H? J 

ix 284.)— This base is produced by the action of tetrachloride of carbon on anihne • 

C’ ) 

3(C*H‘H».N) + COP = (0«H“)4n= + 4HCL 

H? ) '' 

OF ) 

It might also be formulated as <3’aiia-in>AmyWia»««e(C=H‘)4F»; but its made of 
, , H» > 

formation ahowa it rather to be a triamiae. 
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Preparation. Aniline and tetraoliloride of carbon do not act upon one another at 

ordinary temperatures, and but vary slowly at 100°, but when a mixture of pts. 
aniline and 1 pt. of the tetrachloride, both in the unhydrons state, is heated to 170° 
in sealed tubes for about thirty hours, the liquid is converted into a black mass which 
adheres firmly to the sides of the tubes and is a mixture of several bodies. Water 
dissolves a portion of it, leaving a more or less solid resin, and the aqueous solution 
yields on addition of potash, an oily precipitate containing a considerablo portion of 
unchanged anibue On boiling this precipitate with dilute potash in a retort, the 
nniluio %stils over, while a viscid mass remaina behind which gradually solidifies with 
a orystaUine atmoture. Waahmg with cold alcohol and two or three orystalhsationa 
froni boihng alcohol render this body perfectly white and pure, while a very soluble 
substance of a splonchd crimson colour remains in solution. The portion of the black 
mass which is insoluble m water dissolves almost entirely m dilute hydrocldorio acid, 
from which solution it is precipitated by alkalis, as an amorphous pink or dingy- 
coloured precipitate soluble with rich orimson colour in alcohol The greater part of 
tliis body consists of the same colouring principle that accompanies the white crystal- 
line substance. Considerable quantities of this crystalline body are also occasionally 
present in the product insoluble ui water 

The crystalfene substance is oarbotripbenyl-triamiue. It is insoluble in 
water, diifeultly soluble in alcohol, soluble in e<Aer. From the hot alcoholic solution 
it crystallises slowly on cooling m elongated fom’-sided plates often grouped round a 
common centre. It dissolves freely in aciiU, frum which it is thrown down by alkalis 
as a dazding white precijntate The hydrooldorate, C''H'’N’H01, and the oMoio- 
plaiinato, 2(0‘®H‘’N®.HC1) PtCF, ere extremely soluble in excess of hydrochloric acid. 

C"" -1 

a. Melaniline, may bo regarded as caibo-diphonyl-triamine (C"!!')’ IN’, 

H’ } 

but the mode of formation renders it more probable that this body really consist.? of 
ON 1 

cyano-diphenyl-diamine, CH’)’ >N“ (see p. 461). 

3 Eosaniline, and some of the colouring matters derived from it are 

probably also triaminos ; but tbeir rational formul® still remain to be determined. 

Appendix to Phcnylamines. 

Aalline-dyes. 

The colorific tendencies of aniline have long been known The violet-blue reaction 
with chloride of lime, which is the ordinary laboratory test for aniline, was discovered 
by Bunge in 1886. Some years afterwards, Fritzsolie showed that aniline treated 
with aqueous chromic acid yields a blaokish-blue precipitate. Beisaenhirtzinl863 
noticed the blue colour resulting from admixture of anibne with strong sulphuric acid 
and acid chromate of potassium , and the substance producing this blue colowtion was 
isolated in 1856 by Mr. W H Perkin, who showed that it is a colouring .matter 
capable of being fixed upon fabrics, and thns laid the foundation of the vast industry 
of anibne colours. Soon afterwards reds of various shades were obtained on the manu- 
facturing scale by heating aniline with tetrachloride of tin, arsenic acid and various 
metalhc salts, and a groat number of other dyes, yellow, green, blue, violet, &;o., have 
been obtaihed either by treating anibne-red with various reagents, or as secondary 
products in its preparation. A few have also been obtained by other processes 

AnlUne-blach. Blacks of great intensity are produced on calico by printing with a 
mixture of anihne, chlorate of potassium and a metallic salt In ISfiShfr Lightfoot of 
Aoenngton patented in France a method of producing aniline-black by printing with 
a Tuixtnre of 26 grma. chlorate of potassium, 60 gnus, aniline, 60 grms. hydrochlono 
acid, 60 grms oupnc chloride, 25 grma. sal-ammoniac, 12 grms. acetic acid, and 1 
litre of starch-paste, then exposing the cloth to the air for two days, and fixing the 
colour with an alkali. The black thus produced is veiy good and durable, but the 
process has not been much used, because the large quantity of copper m the mixture 
IS found to corrode the steel scrapers or “ doctors ” of the printing machine, and more- 
over the large quantity of acid in the aniline-salt and in the copper-salt, causes a rapid 
destruction of the vegetable fibre 

Severakmethods of obviating these defects have been proposed; the host appears to 
be that of Lauth, which consists in replacmg the soluble copper-salt by an insoluble 
compound, the sulphide for example This componnd.'when printed together with the 
chlorate of potassium and hydroehlorate of aniline, is gradually oxidised by the action of 
the hypochlorous acid or of chlorine (set free by the mutual action of the salts just 

You IF. H H 
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tnentioiipd) and ponvortod 111(0 sulphate, so that a mixtiu’e is formed similar to that 
used 111 LigUtfoot’a process As liowovor there is no excess of soluble copper salt, or of 
aeid present, no corrosion of tho scrapers or rollers, or destruction of the vegetahla 
fibre need ho fuared. 

Auilino-blaek thus produced has a very deep colour and rich Tohety aspect. It is 
said, to ho Tory fiist, (luito lusoluhle in mitor, boiling soap-ley, .ilkalis and acids. Tlia 
latter timi it grooii, but iillc.ilis restore the original tint Acid cliromato of potassium 
deepens tho enloiir; but a strong solution makes it slightly rusty. It is destroyed by 
a strong solution of chloride of Erne, hut reappears after soino time -with its original 
depth Tlio colour is eapahlo of withstanding all the processes employed for the pro- 
duction of roso and rod madder colours (Bull. Soc. Cliim, [2] 11 . 416.) 

Anlllne-tilue. Blue eoloiinng matters are produced from nnilino under tlie 
iniluenee of 1 arioiis reagents, as by chlorate of potr ' - > . 1 . > . 

chlorous acid, peroxide of hydrogen (La nth), ferric ' lotas- 

Biwn lieamen dia Matikrm colorantfn aH2jk ' - I acid 

and peroxide of m.iiigaiiese, feme nitrate and hydrochloric acid (Scheuror-Kestner, 
lUi. p. 66). Products of this kind have been more especially studied by CiilTort, 
Lowe, and Clift, who hare desenhed them under tho name of azuriue 

A much finer and move permanent 1 ) 1110 , now designated especi ally as a n 1 1 i u e - h In e, 
is obtained by beating a salt of rosaniline (anilme-red) witli excess of aiiihiie. This 
colouring matter has the composition of tnphenyl-rosanilme, C'"H'“(C'H’)'N’, and will 
be desenhed as .1 dewativo of vosanilmo (p 472) 

AnlUne-browii. A hrmvn niiiliuo dye, patented by G De Laire (London 
Journal of Arts Dec. 1863), is obtained by heating 1 pt of fused aniline-bluB with 
4 pts of anhydrous hydi'oclilor.ito of nnihiio to 240° for several hours. It is solnblo 
in water, alcohol nnd acids, .ind is preeipibited from tho uijueoiis solution by salts. 

The some dye is obtained by treating lu'senate of nniliue ivitli tho hydrochlorato 
(London JourinU of Aits, Dee 1863 , Bull Soc. OUim. [2] li. 240). 

AniUne>ereen or Bmeraiaiue. Almost all the blue siihstanoes produced from' 
aniline by the action of liypochloroiis acid, and tho other reagents above mentioned, 
btooine green when treated with acids, and bine again under the infinenoe of alkalis 
A Tory fins bright green is produced on cotton by printing with acid hydrochlorato of 
aniline on fabrics prepiuvd with chlorate of potassium This is called emeraldiue 
By subsequently passmg tlie cloth through a solution of acid cliromato of potassium, the 
colour is changed to the deep indigo-hlua called azurins (Culvert.) 

Anlllne-purple or ntaavo, also called Andeme,Indismc, Phmammie, Viohne, Itoso- 
Im, Tj/raUne TlusisdiodyoiliBeovorcdbyPorkinand patented by him in 1856 (No, 
1984, Aug 26). To prepare it, a cold dilute eolation ol tlio sulphate (or any other 
salt) of commereinl auiline is mixed with a solution, also cold and dilute, of acid chro- 
mate of potassium (liichromatc of potash), tho mixture being well stirred and left to 
itself for ten or twelve hours. A hlnek precipitate is then produced wluoh is collected 
on a filter, washed with cold ■w.fter, dried, and digested with light coal-tar od, which 
dissolves out a black tany substance. _ Tiio residue is again dried and digested with 
alcohol, wood-spirit, or any other liquid eapahlo of dissolving tho coloiuMiig matter; 
and the clear solution is sepaniteJ by HU ration or decantation, and distilled to recover 
tho aleoliol or wood-.spirit The resuluo then remaining is aiidiue-piirple 

On the laige scale this process lios been variously modified by different manu- 
facturers. Some comploto the operation of mixing in a few minutes ; others prolong it 
even to thirty-six hours Many again find it convenient to employ tha solution rather 
warm and concentrated, the tomporature and degree of concentration depending also 
on the quantities employed Hydrochlorato of anduie, obtained by dissolnng amlino 
in commercial hydroeldone acid, is also frequently used Tho sulpliato is employed m 
a state of paste, as produced by treating aniline with od of vitriol diluted with a very 
httle water Thefollowing pioportiona ore recommended by Seheurer-Kestiier : 
one kilogramme of andino, a concentrated solution of from 800 to 1200 grammes of 
diehromate of potassium, and 500 grammes of sulphuric acid of sp gr 1 84 (60° Bm.) 

The purification also is often difterently conducted, more especially with tho viaw of 
avoiding the use of expensive solvents. The black precipitate, after washing wii cold 
water, is exhausted by prolonged ebullition with large quantities of water (sometimes 
acidulated with from 1 to 2 per cent, of acetic acid), whereby the colouring matter 13 
dissolved. The filtered solutiona are concentrated as mudi as po3sibl6,vand while 
boding are precipitated by caustic soda, the precipitate is washed on a filter with an 
alkaline solution, to remove tho excess of potassic ehromato together with a reddish 
ooloiiriiig matter which affects the brlUianey of tha purple, then treated with cold 
water till the alkali is removed and the washings have become coloured , and the pre- 
cipitate IS allowed to drain, whereby the iinilme-purplo is obtamed ui the form of 
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paste Very often Ifte extraction by boiling water and precipitation by catistie soda 
!U'e repeated in order to obtain Sie colour in a pure state. The solution of the paste 
in alcoliol, wood-spirit or methylated spirit yields on evaporation a residue of a resmous 
aiipcarance, eiJiibituig a pecubar metallic lustre, racalbng at once that of gold and that 
ot copper. It is soluble in water, more soluble in aeotie acid, and the alcohols, and 
po'Bossos oxtraoriUnary tinctorial powers 

Anilme-purple may also be obtained by the following processes a Oxidation of a 
cold dilute solution of hydroehlorate of unilme by a dilate solution of chloride of lime 
(Bolley, Beale andKirkham). The aniline is thereby converted into a black piteli- 
like mass, the weight of which is not more than one-tenth of the quantity of anUme 
employed. This mass oonUma (a) anihne-pnrple , (i) a brown colouring matter sol- 
uble ill alkaline liquids, and (e) a resmous substance soluble m alcohol, eSier and snl- 
pliida of carbon. The anilme-p lu-ple IS extiytedby water; it is more diffleult of 
purification than the compound prepared by Perkin’s method. The chloride of lime 
juncess is more economical, but the colour of the product is less beautiful and of ared- 
der tint than the preceding — P 0.xidatiou of a ealt of unihne in aqueoue solution by 
peroxide of manganese, or by peroxide of load S. Pri ce) under the influanca of an 
aeid —y Oxidation of an andine salt by a solution of potassie permanganate (Gre ville 
iVilliama), or of ferncyamde of potassium (R Smith), — 5. Oxidntiou of a salt of 
aniline in aqueoue solution by free cbloriue or free hjpoclilorouB acid (R. Smith), or 
liy tlie double ohlonde of copper and sodium (Dale and Onro).'* Ofall these processes 
those only have attained induatnal importance in which chromate of potassium, chlo- 
rate of potassium, ehlorido of lime, and chlonde of copper are employed. 

Anilmo-puiple prepared by Perkin’s process is the sulphate of a base called Man - 
veiue, having the composition (Perkin, Ann Ch Pharm cxxxii 201). 

On adding oaustio potash to a solution of the commercial ciystallised product, the 
colour changes immediately from purple to bluish-violet, and on standing, the mauveine 
separates as aorystallinobody vrhioh, after washing with nleohol and then with water, 
appears as a nearly black ghstoning substance not unhke specular iron oto. It dis- 
solves in alco/iol, forming a violet solution, which on addition of acids immediately 
assumes a purple colour It is insoluble or nearly so in ether and in iienzene It is a 
very stable compound and decomposes ammonium-salts with facdity. When strongly 
heated, it decomposes, giving off a basic oil, which does not appear to be aniline. 

AoeiaU of Mauveine is obtained by dissolving the base in boiling alcohol and acetic 
acid , It otystallises as the liquid cools, and may be purified by recrystalhamg it ouoe 
or twice It is a beautiful compound having a green metaUic lustre 

OarlomU of Maumne, H*CO' —Solutions of mauveine quioldy absorb car- 

bonic acid ftom the air, the colour changing ffom violet to purple To prepare the 
carbonate, carbonio acid gas is paasod through boding alcohol containing mauveine 
in suspension , on leaving the liquid to itself, the carbonate appaiatcs in prisms having 
a green metallio reflex On hoihng its solution, part of the caibonie acid escapes, the 
bquid at the same time assuming the violet colour of the free base. In the dry state 
the salt decomposes very qmekly, and at 100° it gives off tlie whole ot its carbonio 
acid and acquires a dark ohve-brown colour By analysis it was found to contain 8'8 
per cent. CO’, which is intermediate between the composition of a neutral carbonate 
H’CO’, requiring 5 1 percent , and that of an acid carbonate C"E’’NhH’CO’, 
requiring 9 1 per cent CO’, 

Hydnodate of Mauveine, HI, crystallises in pnsma having a green metalbo 

lustre , leas soluble than the following salt In preparing it from the free base it is 
necessary to use colourless hydnodic aeid, as free iodine would decompose it. 

Sydrohromate of Mauveine, C^'H”!!* HBr, — ^Prepared like the hydroehlorate, which 
it resembles, excepting that it is less solnble. 

HydrocMorateof Mauvane, C”H-'’N’ HCl, is obtained by direct combination of theaoid 
and base, and separates from an alcohohe solution prepared at the boilmg beat m small 
prisms, often grouped in tufts and having a strong green metallic lustre. It is moderately 
soluble in alcohol, less soluble in water, and nearlyiusoluble in ether. The cUoro-aurate, 
C”H’*NhECl.AuCl’. prepared by mixing the alcohohe solutions of the hydrocMorato 
and auric chloride, separates as a crystalline precipitate which is much less lustrous 
tlian the platinum-salt, and appears to lose a portion of its gold when recrystaUised. 

The aUovoplatinote, 2(C”H”NhHCl) PtCl’, prepared like the gold-salt, separates 
from cold solutions as a green crystalline powder , from moderately warm solutions in 
rather large crystals It possesses the green lustre of the hydroehlorate, but when diy 
has more of a gold colour It is very shghtly soluble in alcohoL 

Sulphate of Mauveine, 2C”H’‘E‘.SH’0’. — This salt is the original anihne-purple 
obtained by treating aniline with acid chromate of potassium and snlplrarie acid. 
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Kcsiwcting Hie nietIioi1<! of dyeing -witU anilino-purple, see Dyewg (ii. 357) ; also 
Ilq/Mtinn’t Btjiort, p. 124. • 

Aniline Red or Bosanlline s also called Boseinc, Fuchsine, Azdcine, Magenta, 
Solfcnm, &c. — It lias lieeii known for some years that aniline, when subjected to the 
action of vanciis rwigcnte, is capulilo of yielding products of a deep red eolonr. 
The production of tins red colour by tlir action ot strong nitric acid on aniline iras 
observed by Hofmann in 1813, and abont the same time by Zinin. Hofmann 
also found that a dark red liquid is produced on mixing sulpbato of aniline with ferno 
aiilpliatr, and Natanaoii in 1850 obsened a rod aubstauco among the products oftho 
action oi Dutch liquid upon aniline. But it was only in 1868 that the formation of a 
crimson colouring principle and some of its cliaractcnstio properties were first defi- 
nitely pointed our by Hofmann, who, in studying tho action of tetrachloride of carbon 
upon aniline, observed and described tho formation of a basic substance which, when 
dissolved in alcohol, imparts to this liquid a magnificent crimson colour (see p. 466) » 
Since that time aniline-reds have been produced by treating aniline with a great 
variety of reagents, the most important of which are tetrachloride of tin, arsenic acid, 
nitno aeid, nioreurie nitrate and ferric chloride Patents have also been taken out for 
the preparation of these colours by the ebullition of aniline with stannous, merourous 
and mei'oune snlplutes, with feme, uranie, orgentac and plumbic nitrates, with 
stannic and inereiuic bromides ; with iodine, stannic iodide and iodoform; with mercurio 
chlorate, bromato and lodatc j and with pentachloride of antimony , also by the action of 
antinionie oxide, peroxide of bismuth, stanmo, ferric, morouno and ouprio oxides on liy- 
droeblowto or sulphate of aniline at the temperature of 180°. Tho greater number of 
these proeesscs, however, are of bnt little value , we proceed to describe those which 
me actually pro etised on tho maniifaetnriiig scale 

1 Pnpartitiou vf Amlme-rcd by 'J'diachlotiUe qf Tin — This process, discovered 
by Messrs. Vergnui and Eeuard, of Lyons, was the fli'st by which aniline-red 
WHS prepared for industrial use. A mixture of 10 pts. aniline and 6 to 7 pts. 
tetrachloride of tin, cither unhydrons or hydrated, is heated to obullition for fifteen or 
twenty minutes, the liquid becoming at first yellow, then red, and being ultimatalv 
converted into a nearly black mass The mixture is left to cool and then treated with 
a large quantity of boiling water, which acquires a magnificent red colour, and without 
any further preparation, forms a splendid dye-hath for silk and wool It is found better, 
however, to precipitate tho colouring matter by partially saturating Hie conoentrated 
liquid with carbonate of sodium, and adding eomtnon salt. The auiline-red is then pre- 
cipitated in the solid state, and has only to be dissolved in water, aloobol, or aoetio aeid 
to prepare a dye- bath for imbuing silk and wool with tho moat bountiful roseate tints 

Anhydrous mercuric, ferric or cupric chloride may be used in the preparation instead 
of the stanmc chloride. 

2. Preparation of Amtmc-rcd mth Arsemo Acid . — This process, which is one of the 
best, was discovered by Medlook. It consists lu combining arsemo acid with a slight 
excess of aniline, and heating tlicoryatalline mass over a slow fire to about 120 — 140°, care 
being taken not to exceed 100° The proportions recommended are 12 pts. of the dry 
acid of commerce (which is chiefly a diliyfirato containing 13 5 per cent water) to 10 
pts. of aniline, with or without the addition of water The operation, according to the 
seule on wliieh it is e.irried out, requires from four to nine houi'S for completion. A 
perfectly hopiogeiieons fluid mass is thus obtained, which on cooling solidifies to a hard 
substance with metallic bronvc-coloured lustre Wlien dissolved in boiling water it 
produces a solution of great rieUneas and purity of eolonr From this solution the 
colouring matter may be precipitated almost five from arsenic by addition of a sbgbt 
excess ot soda The precipitate is collected on filters, washed with a little cold water, 
and redissolved in acetic acid, 

3. "With Ml rem 10 Nitrate (Gerber-Keller’s process.)— 7 or 8 pts. of pulverised 
mercuric nitrate are gradually added, with constant stirring, to 10 pts, of auihne heated 
in a water-bath (too high a temperature might cause a violent and explosive reaction). 
The operation lusts eight or' nuie houva, at the end of which time the mass becomes of a 
magnificent violet-red colour This constitutes tho azalemo of commerce. Tho mer- 
cury is reduced during the process to the metallic state, and may be used again for 
the preparation of tho nitrate 

4. With Nilrio Acid. (Lauth and Dopouilly' a process ) — This process ought 
more properly to bo called treatment of nitr,at 0 of aniline with aniline, as it requires 
tbe aniline to be in excess. The mixture is heated to aboutl60°orlG0°,eai’eVoing taken 
to remove the heat as soon as the reaction becomes at all hvely. After severm hours 
a mass is obtained of a fine violet-red colour, which may be sent into commerce as soon 

<f ' • ' ■ ■ reported favourably ou the poisffity of pSrmUi^tt'ec*™ 
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as it las been treated Tvitli a small quantity of carbonate of sodium dissolved in 
water, and precipitated by addition of common salt This process gives good results 
especially on the small scale ; bnt when Ira-gs quantities lU’O operated on, it is often 
difficult to regulate tlie action, and combustion and deflagration ensue, which of course 
destroy the entire product 

The nniline-red obtained by the action of uitrus acid or merenric nitrate has a more 
violet tint than that prepared by means of the anhydious chlorides 

5. Direct 'piudmiiun of AnUme-reA from JUitiohenzme, — ^Nitrobenzene is treated 
with a mixture of iron and hydrochloric acid, or with ferrous chloride, whereby it is 
converted into aniline, with formation of feme chloride (p 420). On heating the 
mixture, the feme cliloride reacts upon the aniline thus produced, converting it into 
aniline-red. Messrs. Laurent and Gasth61az, to whom this process is due, give the 
name of aythobcmol to the coloiumg matter thus obtained, but it probably consists 
inaiiily of rosauihne. 

Puitficaimi of Aniline-red — ^Tbe crude colours obtained by the preceding processes 
still contain undecomposed amhne, chiefly in the form of salts, togetlier with tarry 
matters, some insoluble in water and dilute acids, others soluble in sulphide of carbon, 
iiaplitha, or in oaiistio or carbonated aUcahs On boiling the crude led with excess of 
alkali, the undeeomposed anihno is expelled, the acid which exists in the product 
being fixed by the aUcali, while very little of the colouring matter diAsolves. On treat- 
ing the slightly washed residue with boiling water acidulated with a mineral acid, the 
red 18 dissolved, while certain tarr^ matters remain insoluble , and if the ‘boiling solu- 
tion bo filtered and saturated with an alkali, the colouring matter is precipitated 
tolerably pure. Tlie precipitation may he hastened by dissolving common salt in the 
saturated solution. By once more rodisaolving the piecipitated rod in an acid, not 
employed in excess, a solution is obtained which frequently crystallises, or from which 
tlie pure red may be thrown down by a new addition of chloiide of sodium or other 
alkaline salt. 

In Franco the hydroohlorate, m England the acetate, of aniline-red is generally used 
in dyeing 

Compontion and formation of Amline-red, — Hofmann has shown that all the varieties 
of anihne-red are salts of an organic bass which he designates as rosanilino This 
base IS a tnamine, capable of uniting with one or three (probably also with 

two) atoms of acid. Moreover three of its hydrogen-atoms may be replaced by aJcohol- 
radioles, namely methyl, ethyl, amyl, ‘phenyl, and tolyl or benzyl, pvoduoing blue and 
violet dyes Further than this, its rational constitution has not been distinctly made out 
Neither is its mode of fomation thoroughly understood, but one very important fact has 
been brought to light by the researches of Hofmann, and confirmed by the experience of 
manufaotiu'ers, namely that pure aniline, fiiom whatever sourco it may he obtained, is 
incapable of furnishing amlms-red. Commercial aniline prepared from coal-tar always 
in fact contains toluidine (benzylamiue, 0’H‘N) as well as phenylamine ; and Hofmann 
has shown that the pressnoe of this base together with aniline is essential to the 
formation of the red dye. Toluidine by itself is just as incapable of yielding the red 
as pure aniline, but when a mixture of pure aniline and pure toluidine is treated with 
Btaiiuio or mercuric chloride, or with arsenic acid, the red colouring matter is immedi- 
ately produced. ^ Its formation may perhaps be represented by the equation ; 

C»HTir + 20’H“N = C“H'»N» + H“, • 

Aniline. Toluidine. RoBnnlllne. 


and its constitution by the formula (CHiy' >N“, eontaimng the diatomic radicles 


phenylene and tolylene or henzylene. (Hofmann, Proe. Eoy Soc. 486 ) 

Sehiff (Ann. Oh Pharm. exxv. 360, cxxvu 337) has endeavoured to show that 
the formation of anilme-red depends upon the previous formation of certain compounds 
of aniline with metallic salts, and the subsequent decomposition of these compoimda, 
and he gives a general equation by which he supposeb this decomMsition to be repre- 
sented , but tills theory is manifestly erroneous, uiasmuch as it takes no cognisance of 
the essential fact that the formation of the red dye depends upon the presence of 
toluidine as well as of aniline 

Eosaniline when separated from the solution of its salts by precipitation with an 
alkah exhibits the composition, 

CJohsin^O = 0»H"'N’H'0 


On mmng the boiling solution of the acetate with a large excess of ammonia, a rose-red 
somewhat oryatalhno precipitate is formed, eonaistiiig of the hydrate m a tolerably pure 
state , and the colourless liquid filtered from this precipitate while boiling, deposits on 
coohng wlute needles and plates ot the perfectly pure hydrate. 
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Boaanilinp ia nomly insoluble in wiatcr, sliglitly soluble in ammonia, more soluble in 
alaofwl, "with deep red colour, ineolublo in ether. Wbuu exposed to the ah', it rapidly 
becomes rose-coloured and ulBumtely of a deep red, probably in oon&cquonce of the 
formation of a carbonate. 

EoaaniUno is a ratlior powerful base, forming, as .ib'oady observed, mono-aoicl and 
trweid salts, almost all of wliieli are remarkable for their beauty and tlio facility -with 
•which tliey cryatalliao. They may bo prepared either by direct union of the acid with 
the free base, or by boding tlie ammonium-sidts of the several acids with excess of the 

Tile mono-acid salts exhibit for the most pact by reflected light, the lustrous metallio 
green of the wmgs of the rose-beetle, in transmitted light the crystals are red, becom- 
ing opatiue when they acquire certain dimonsioos. Tho solutions of these suite m 
water or alcohol possess the magniflcont enmson colour which oharaotenses rosanilinb 
compounds According to Che vreul (Compt. rend liu 981) the green colour reflected 
.from the crystals of thesn salts is exactly complementary to the crimson colour which 
the solutions impart to wool andsilk. Tbetri-acid salts ofrosandine areyoUowish-brown, 
both in tbe solid state and in solution. They are much more aolnblo in water and 
alcohol than the mono-aeid salts 

The salts of rosamline when treated with reducing agents, snlphids of ‘ammonium for 
example, are Converted into loueandiue (iii 574) 

C»H'»1S» -h 

Rosamline, LcucanUlee. 

Acetate of ItosanUixr, C’H'O’ — This is perhaps the finest of all the 

rosaniline-salts, sometimes sopiiratiiig from largo quantities of solution in crystiJs an 
inoli in diomotcr It is vci'y soluhlo in waterand alcohol, and dues not crystallise well 
from small qiiiuilities of solution. Tho crystals when freshly prepared exhibit ui a 
higli degree the green metuUio lustra already mentioned, but on protracted exposure to 
bghf, this colour disappears, tho crystals assuming a dart reddish-bro-wn tint 

Hj/drocklorates — Tho mouo-acid salt, HOI, is deposited from its boiling 

solution in well-dcflued rhombic plates, frequently in stellar forms It is but sparingly 
soluble in water, more soluble lu alcohol, insoluble iu ether It retains a small quantity 
of water at 100°, but becomes anhydrous at 130°. Like most rosamline-salts, it is 
vert hygroscopic. Treated with zmo and hydrochloric acid, it yields louoaniline 

The tri-aeid hydrochlorate, C'“'H‘W.3HC1, is 'obtained by adding veiy strong hydro- 
chloric acid to a wurm solution of the hase m moderately strong acid The whole then 
sohdifles on coohng to a network of beautiful bro'Wn needles, which must be washed 
•with strong hydroehlonc acid and dried in a vacuum over lime and oil of viteiol, as 
water decomposes them, reproduemg the mono-ticid salt. The tn-aoid salt gives off 
part of ita acid at 100°, tho brown crystals becoming mdigo-blue, and being ultimately 
converted into the green crystals of the mono-acid salt. 

Both the hydrochlor-ates of rosanilme unite with totiaehloride of platinum, forming 
unorystalhsable double salts which appear to contain 2(C™H‘W.H01) PlCh and 
2(C“H">N*.3HCl).3PtClt respectively 

HydrobramaU of Bosaniline, 0‘"'H“’N“ HJBr, rosembios the mono-aoid hydrochlorate in 
every respect, but is even less soluble. The hydriodate, HI, forms green very 

soluble needles 

Biiratc of Sosanihne, 0“®^ NHO’, obtained by dissolving tho base in warm 
dilute nitric acid, forms small crystals resembling the other salts of rosanilme. 

• The picrato or tnnitrophaiate, C“li’(N0’')‘0, crystalhses in beautiful 

reddish needles, likewise vaiy sparingly soluble in water. 

Sulphates . — The neutral s.ilt, (C“H"‘M“)®H''S0‘ (at 130°), obtained by dissolving the 
base in dilute snlphuric acid, is deposited in green crystals having a metallic lustre 

Tunnates — Tonnie acid added to an aqueous solution of rosauihne. either neutral 
or acid, throws down the whole of the rosamline m the form of an insoluble tannate. 
The precipitate formed in cold dilute solutions has an intense c.irmme colour, like tho 
carmme-luke of cochineal ; from warm concentrated solutions it separate.? os a tenacious, 
pitchy, red-brown mass. If the tannic acid is in excess, the solution retains a red 
colour, indicating the formation of a more soluble (di- or tri-aeid) salt The neutral 
pinnate ishkewise formed when cloth mordanted or printed with tannic acid is dipped 
in a slightly acid solnlion of aniline-red. It dissolves m alcohol, wood-spirit and acetic 
acid with tho deepest crimson colour; in concentrated solutions of the stroxger acids 
■with reddish-yellow colour, which however changes to rod on addition of water, part of 
the salt being at tho same time precipitated, by prolonged boiling with concentrated 
acids It is decomposed. Alknbs decolorise it, but the colour is restored by neutrdisa- 
fiou with an acid. 'When Unnate of rosanilme is tritoi'ated with three or fom' times 
Its weight of wood-spirit and the tbickish carmine-colourod mass is mixed with a quantity 
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of mtrio OT hydrochloric acid (or better with aleoiiol saturated with hydrochloric acid\ 
equal to ^ to of the volume of the wood-epirit, the colour of the mixture— which 
dries up quickly if the trituration bo continued— passes into violet and finally into blue. 
By duly regulating the proportion of acid, any required shade of colour may be obtained. 
As these blue .ind violet colouring matters are nearly insoluble in water, they may be 
fried from .idhenng acid by washing with water. For dyeing, they are dissolved in 
alcohol or wood-spirit, and the solution is diluted with water. (E. Kopp, Jahresb. 
1862, p 69i ) 

Bi/anq with AniUne-rcd . — The salts of rosaniliue chiefly employed for dyeing silk 
and wool are tlie acetate, hydrocMorate and nitrate , their application is very simple. 
Silk is dyed by passing it through a cold aqueous solution of the salt , for tho dyeing 
of wool the Bolutiou is boated to 60° or 60° G Rosaniliue is precipitated from its 
solutions and fixed by siUc and wool, with such rapidity and force that it is necessary 
to operate with solutions comparatively weak at first .md only gradually strengthened , 
otherwise the dye will he unequal, the portions first immersed being more strongly 
coloured than the rest. Cotton, on the other hand, has no attraction for this colouring 
matter, and requires first to be treated with some aminal mordant, such as albumin, 
prepaied glutin, easeiu, lactarm or gelatin, or with tannic acid, the latter being used 
cither lu its combmations with metalho oxides, as antiinonio, stannie or plumbic, or ns 
tannate of gelatin Eor soma tune, oily preparations were employed, such as sulpho- 
margarie or sulpholoio acid 

When a stutf which has been dyed with aniline-red is printed with a strong acid, 
it it decolorised, with formation of a yeUowish stain in consequence of the eon version 
of the mono-aoid salt of rosimiline luto a tri-acid salt, which has but little colour, but 
on washing the material with water, the excess of acid is removed and tlie led colour is 
restored On printing with a powerful base, caustic soda for example, the red rosaniline 
salt is decomposed and colourless ro.saniline is hberated, but when the soda is washed 
out with water, the red colour reappears, the ro8.uuhne probably becoming carbonated. 
Ammonia likewise destroys tho colour for a time, but as tho ammonia escapes the red- 
coloiation returns If however tho dyed fabric be left for some time in contact with 
weak aqueous ammonia, the rosaniline is for the most part dissolved out, aud the 
colour is then no longer restored by rinsing with water. 


Derivatives of Eosanilme. 


Trlethyl-rosanlllne, — This compound, which 

yields one of the viu’ieties ofauiline-violet, was discovered by H o f m a n n (Proe. Eoy. 
See. xm IS , EuU. Sec Chun. 1865, [1] 156), and is known in conimeroe as Hqf- 
mann’s violet It is obtained by heating 1 pt of rosaniline, 2 pts. iodide ofethyl, and 
about 2 pts of strong alcohol to 100° for three or four hours, in a vessel capable of 
resisting a certarn amount of pressure The mixture is then left to cool, and the syrupy 
violet mass is dissolved in alcohol or wood bpmt. The resulting solution of hydriudate 
of triethyl-roeanilme may be used for dyeing and printing just like the other andine 
d^es By using them in this manner, however, the iodme, which is a substance of 
some value, is lost It may bo recovered by boiling the product, either before or after 
solution in alcohol, with a caustic alkali, which precipitates the tnethyl-rosauiline, 
leaving the alkaline iodide in solution. Prom this solution tho iodine may he recovered 
111 the usual way, and employed for the preparation of a fresli quantity of ethyho iodide 
The trietbyl-rosamline is washed with water till all the soluble salts are removed, then 
dissolved in alcohol, containing hydrochloric acid, or in acetic acid more or less diluted 
with water, and this solution is used for dyeing and printing 

If the triethyl-rosomlme obtained as above be again treated with iodide of ethyl, 
and the series of operations repeated two or three times, the ultunate product is an 
ethi/hodate of tneth^l-i osamline, C“H*I. 

Similar products are obtained by treating rosonilme with tho iodide of methyl at 
100° or iodide of nmyl at 160° — 160°. 

Other varieties of Anilme-violet — -By heating a salt of rosauihne with a quantity of 
auihne less than sufficient to form amlme-blue, c g. equal parts of hydroehloriite of 
rosaniline and anihneto 180°, a violet colouring matter is produced, which was origin- 
ally patented by MM. Gu-ard and Be Laire, aud is known m commerce as violet 
imperial It is likewise obtained together with aniline-blue, when a salt of ro.sanihnB 
is healtd with excess of aniline (p 472) Its composition has not been ascertained, 
but it IS perhaps a mi.xture of rosanilme and triphenyl-roaanihne, or a mono- or’ 
diphenylic rosaniline. 

Another amline-violet has been obtained by hficholson It is formed by carefully 
heatmg anilme-red to a temperature between 200° and 216°. Ammonia is then giien 
off, and a dark bomi-solid mass is formed Tins is exhausted with acetic acid, aud the 
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deep violet- sohition diluted mth sufSciont fJcohol to give tlia dye a eoaTenient strength 
for coinraerciul purposes. 

lastly, Perkin’s mauveino must be regarded as a variety of anilina-violot; but as 
its suits have a purple colour, jt w best to designate this colom’iug matter as aniliue- 
pmple, the name originally given to it by its discoverer. 

TrlpbenTl-roBanlHiio, CP«H''‘N» C®H'"(C“H»yN».— This base, the salts of 

■which form the spcndid blue dye oalled anilino-bluo, also “Heu de Paris,” or 
“Bleu de Lyon,” was discovered by Girard und Do Loire, and its constitution baa 
been determined by Hofmann (Proc. Hoy. Soe. xiii 9) It is produced by heating a 
salt of rosambne, or a mixtmie of substunces capable of producing such a salt, with 
excess of bihUhb : e g. 

0"»H'»N1HC1 + 3(C«H',HMI) ~ HCd + 3NH=. 

Hydrochlorale of Aniline. ' Hyilroililornta^of Xri- 


The time required varies with the quantity of material operated upon. If a mixture 
of i kilogrammes of hydrochlorate of rosanilino and 4 kdogrammes of amlino be em- 
ployed, the operation is complete in four hours. 

Several other colouring matters are however formed at the same time, among which 
are a violet (woict iiitpfrini) and a green ; largo quantities of ammonia are also given 
off The aside blue is purified by treating it successivoly with boiling water acidmatod 
with liydrochloric acid, and afterwards with pure water 
Triphenyl-rosanilinoi8obt,sinedonpouringacoiiccntratod8oliitionofthehydroohlorat6 
in amnionincal alcohol mto water, asa w bite or greyish precipitate consisting of a hydrate, 
C*sID'H’H‘0. It shows a tendency to crystallise, bnt has not hitherto been obtained 
in distinct crystals. The nlCohuhc and ethereal solutions deposit it in the amorphous 
state, even on spontaneous evaporation. It is very liable to change, gradually becom- 
ing blue during washing, and especially during drying, even in vacuo. The vaouutn- 
dry substance heated to 100°, assumes a deep brown colour which it retains on cooling, 
it likewiso undergoes slight fiision also at that tomporature, but does not lose weight, 
The salts of taphenyl-ro3.anihne are prepared by treating the free base with aads. 
Oulymono-aoid .salts have hitherto been obtained. The solutions treated -with zmo and 
hydroehlono acid, or other reduemg agents, are rapidly decolorised and converted into 
salts of trinhenyl-leucnniline, C”fl’*N* (iii 674) 

Ht/droefdorate of TnphmyU oaanihne, C”H*'N*.n01, is the anihne-blue obtained by 
the process above described It is an indietmctly erystallme powder of a bluish-broivn 
colour becoming pure bro-wn at 100°. It is perfectly insoluble in water whetlier cold 
or boiling, insoluble also in ether, bnt dissolves, though vrith difficulty, in alcohol, 
forming a solution of a splendid deep blue colour. ’ 

From the boiling saturated alcoholic solution it is deposited on cooling in the form 
of imperfect erystidline granules The same solution when evaporated leaves it as a 
thin film, which reflects light -with a poenhur motalhe, half-golden, half- coppery lustre 
(Hofmann). It dissolves in strong anlphnrio acid, and on digesting the solution for 
half an hour at 160° and then adding water, the blue colouring matter is precipitated 
in a modified state, having in fact become soluble in pure water (NiohofsonT) 

The t 1 ’ ’-■■ mfia<cttnds«(p/ia<e, (C”ff'N*)2H-f30Shave alsobeen 

prepare i ydroehlorate, but the nitoate is perhaps a httle more 

the snlpimte a mile less, soiiieio in alcohol ’ 

Varmta proceaaaa for Vie prodiwUon of rimft'iic-6f«c.~Eosaniline-sBlts assume a 
permanent blue coloration when boiled with solutions of aldehydes (Lauth Quesne 
ville’s Monit. Scient [1883] iv. 838) , or with crude wood-spmt (E. K opp, ikd. p. 882) 

Taimate of rosanilino appears to Uo «»r.„n!uii^ .i ° 

nature of the blue colourii 

identical with that produce _ j.uo oumc 

remark applies to a blue dye described by Gros-Eenaud and Schaffer of Mulhouso 
(ikd. ill. 202) under the name of Mtdhowae Uxk, which le formed by boiling the solu- 
tion of a rosunilme salt (generally the nitrate) with a solution of gum-lao and carbon- 
ate of sodium. 

Trltolyl-rosanlllne or Volululne-blue, C*'H”'N> = C*“H'“(C'ff)W (Hof- 
m ann, Ann Ch. Pharm cxxxii. 290).— Produced by beating the acetate (or other 
salt) of ro^iline with twice its -weight of tolmdine (bcnzylamine). Tha reaction is 
precisely similar to that by which triphenyl-rosaniline is obtained • « 

+ 3C'H»N = C«H'”N’ + SNIP 

Large quantities of ammonia are evolved, and a brown motallio-shiniug mass is obtained 
which dissolves in alcohol -with deep indigo colour. This product is acetate of tritolvl- 
rosanilme. When treated with alcoholic ammomti, and subsequently with water, ""it 


ino_ appears to be especially inclined to this change. The 
luring matter thus produced is unknown, but it is probably 
laced by treating rosambne with excess of anihne The same 
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yields the base from which various saltB may be prepared. These salts resemble 
Pilose of triphenyl-rosamlmc ; but they are more soluble and more difficult to crystal- 
lise. The hydi ocUoraie oryatalliaes from boiling alcohol m small blue petals luaolu- 
ble in boiling water, and having when dried at 100° the composition O^H'TjfMTCl. 

The salts of ti'itolyl-rosaniline when subjected to dry distiUatioii, undergo a decom- 
uosition similar to tlut of the salts of triphenyl-rosamline, yielding phenyl-tolyl- 
amino (C«H*)(G’H’)HN (p 454) 

r • ’ ■ ’ ' - araears to be obtained as a 

. -tolylamme with mercuric chlonde. 

AnUlne-yellow or ChryaanUlne, — This colouring matter, wliich 

diffi'i“i from rosauiUne by containing 2 atoms of hydrogen less, is obtained as a bye- 
pcoduet in the preparation of aniline-red When the residue from which tha rosaniliue 
has been extracted is submitted for some time to a current of steam, a quantity of 
chrysaniliiie pusses into solution, and is precipitated in the form of a difficultly soluble 
nitrate on adding mtne acid to this eoliitiou (Nicholson ) 

Chrysaniline in the free state is an emorjihous yellow powder, Klee recently precipi- 
tated chromate of lead, nearly insoliiblo in water, but dissolving readily in (dcahol and 
in ether. It forms two aeries of crystaUisable salts, mono-acid and di-acid. 

The di-aeid hydrocUorate,^ 0"H”N' 2H01, is formed as a scaly precipitate on adding 
concentrated hydrochloric acid to a solution of the base in the dilute acid. It dissolves 
easily m water, less easily in alcohol, ond not at all in ether. It forms a hydrate con- 
taining 1 atom of water It does not lose weight between 100° and 120°, but when 
heated for a fortnight to 160° — 180°' it is converted into a yellow cryetallme powder 
of the neutral salt G'"fl'’N*.H0], which is somewhat less soluble in water than the acid 
salt. It unites with tetrachloride of platinum, forming a ohloroplatinaie which ciys- 
tallises from a dilute sol,ution m largo beautiful tablets. 

The mtrates of olirysaniline crystallise with the greatest facility in mbjr-red needles 
which are so sparingly soluble in water that a solution of nitrate of potassium contain- 
ing only 1 arm of uitiio acid in a litre, immediately yields a oryst-alline precipitate 
on addition of a chrysamline-salt, Tho neutral nitrate, C-'>H'’N’.NHO*, is obtained by 
boiling ohrysaniUne in excess with dilute nitric acid , and tha solution of this salt 
mixed with cold concentrated iiitnc acid, _ yields tho acid nitrate, C'<’H''N*,2NHO*, m 
or ‘ ‘ ’ '■ nide of potassium and decomposible by water. 

IS easily soluble and difficult to ciystiiUiae (Hofmann.) 

' dye silk and wool a splendid golden-yellow colour. 

' , oxxvn. 342), by triturating aniline with 2 pta. of potasaio 

antimonate or stanniite, and supersaturating with hydrochloric acid, obtained a scarlet 
colouring matter soluble in ether-alcohol, and forming with bydroohlonc add a salt 
which crystallised from ether m laminte resemblmg eauthoridea, and yielded with 
alkalis a deep yeUow floeculent body capable of impiartmg a permanent yeUow dye to 
silk and wool 

PBEN'YX.AinKOIf IirmiS. Compounds derivable from ammonium, NH*, by the 
substitution of phenyl or derivatives of phenyl, &c., for equivalent quantities of hydrogen. 

1. ’Bhcnylammarmms containing only JlcohoWadtoles. 

All the salts of aniline and its derivatives described in the preceding pages may be 
regarded either as compounds of ammonia-molecnles with acids, or of ammomum-mole- 
cules with salt-nidicles • c g. 

(C«H«)HN,HCa = ^(C»H»)H*NC1 

(C'HoXC’H’I^N mO'’ =. gj»H‘)(C''H»)»HN.NO» 

(C“H‘'ClN)»H’BO< a (C»H’ClN)=SO< 

Sulphate or cliioro- Sulplmte of cliloro- 


But there are certain compounds which cannot be formulated as compounds of phenyl- 
amines with acids, blit must be regarded either as phenylamines combmedwith com- 
pound etSers (alcoholic sulphates, iodides, &c ), or else os sidts of phenylammoniums e g. 


((>H=)(C'iH'')(C’HnN.OHH 

plieilflamllie. 


(C»H")(C‘H'>)(C*H»)(CH»)N.I 

Iodide of mctiiil-ethvl amylo- 
phenylammontum. 


The latter view ajfbrds tiie best explanation of most of their reactions 
The iodides of these phenylammoniums m which the whole of the hydrogen ia 
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replaccil by aleobol-radicles, are obtained by boating a tertiary plienylnmino with nn 
aleuholio indido in sealed tabes ; thus diethylnnilino (C«H*)(C^H’VN, heated with 
iodide of ethyl, yields iodide of tnethylo-phonylammoniiim. The iodides thus obtained 
when treated with moist oxide of silver, yield tha corresponding hydrates, which are 
strong alkaliiio bases like hydrate of tetrethylninmoniuin (ii. 681), and cannot bo dis- 
tUied without decomposition, the hydrate treated with acids, yields various salts. 

Trtcthylpheni/laiiimoni^im, G'^H“N = (G"H“)t(?H*)*N. (Hofmann, Ann. 
Ch. Pharm. lxxix. 'ii.)— The hydrate, CHI^NII 0, forms a hitter alkaline solution 
which when evaporated and diatiUod is resolved into water, ethylene, and diethyl- 
anihne • 

(C«H»)(C’=H»)='N|q ^ jg-,0 + +• (0»H")(C®)*N. 

The Monde G'^H^NOl, crystallises with moderate facility The cklnroplatinate, 
2C'’H“NCl.PtGl<, IS a light-yellow amorphous precipitate very shglitly soluble in 
water, insoluble m alcohol and ether. 

The iodide is acrystallino mass obtained by heating a mixture of diethylamline and 
iodide of ethyl in a sealed tube for two hours at the heat of the water-batli, and re- 
moving the fticesB of etliylic iodide or diethyUiniline by distillation. 

The sulphate, nitrate, and oxalate crystalline retidily. 

' Uethyl-ethyl-amylo-phenyl-ammonium, C“n“'N ■= (C®H")(CH’)(C®H‘) 
(0*H")hf.— The hydrate yields by distillation water, ethylene gas and mothyl-amyl- 
anilino : 


(C'H»)(CH»)(C»H‘)(C»ff')H|Q 250 + C’H* -e (C«H')(CH')(C'H‘')H. 

The ehloropltttimtr, 2G'*H**NCl.PtGlt, is a light coloured non-erystalline precipitate 
The iodide obtained by he.iting cthyl-amylanilme with methyhc iodide is crystalline and 
soluble in water (Hofmann, foe ci< ) 

Ethyl-tripheuylanimomum? = G“H“N = (C"H*)*(0®H*)N. (Seep. 464.) 

2. Phenyl-ammoniuma containing Metals 

Aniline unites with several metaUio sidts, forming compounds which may he regarded 
as salts either of roetallo-phenylamines or of mBtaUo-pheujlammoniums • thus with 
mercuric eldonde it forms the compound 2C“H’N.Hg''CP = C'°H'“Hg''N’.2H01 
Ci*H>t^“H’.GP. The general formula of these compounds is i 

M(") ) M(”3 ) 

wC'HHT.MWX* - (G*H»)«m"MHX = (C«H»)»^N".X", 

H» > H«" i 

in which MW denotes an n-atomio molal, and X a monatomic salt-radicle such as Cl, 
NO', &c., X* being of course replaceable by X', X" by XW, &o * 

Aotimont- COMPOUNDS Chloride of Tnphenyhtibonmm, SC'H’NSbOl' 

( C'H'^'l 

Sb'" VN' Cl*, IS obtained by heating unilmo with diy antimonious chloride, or by 

adding aniline to a solution of the chlondc in benzene, as a white crystalline mass, 
which is soluble only in auilme and separates llieiafrom in slender neeifies It is de- 
composed by water, and ts converted into a double salt by hydrochloric acid. It melts 
at 80°, solidifies again ui long needles and is partially decomposed by iatiUation. 
(H. So biff, P pr Chem btxxix 220; Jahresb. 1883, p 413.) 

Iodide of Tnphenyhtibonmm, &c , Sb"'(C*H‘)'H“N*P, is pioduoed m like manner (at 
100’ — 120°), and separates from the excess of aniline, in yellow needles which are de- 
composed by boihng with caustic alkalis, yielding aniline, antimonious oxide and iodide 
of potussium. 

AasENic-coMpouNn Chlonde of Tnphenylarsonnim, SO'H’N.AsCl* = As"'(C®H')' 
H'N'Cl’, obtained in like maimer, is crystaTUna, molts at about 90°, and distils without 
decomposition between 205° and 210°. It is somewhat soluble in water, with separa- 
tion of areenioua acid The corresponding iodide is not altered either by cold water 
or by dUuto sulphuric acid , but boiling alcohol decomposes it, yielding hydnodate of 
iodaniline, free aniline and brown flocks of proto-iodido of arsenic (Sohiff,%c. oit ) : 

As(C»H'')»H*N’I» =. CfH*INHI + 2G*H'N + Asl. 

Bismutk-cowpoukus. Chlonde of Tnphniyl-bismutlioniim. 3C“H’NBiCl' = 
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is a fusible, indiatinctly erystallino mass whieb is vary slowly de- 
composed by water, and turns Tiolet when heated. 

Auihnc mixed with aqueous chloride of bismuth forms a precipitate consisting of 
C«H’NBiG10. (Sohiff) 

CADMioK-ooHFOtitraa. Eesamble the zinc-compounds (tw/ia). 

Corraa-aoupotiNn. Sulp/uite of F/tcnyl-ouprarntnomum, 2G“H'F Cu''SO‘ = 
Cu"(G“H*)“iI^N’ SO', is obtained as a green crystalline precipitate on adding cupric 
sulphate to a solution of anihuo. Boihng water decomposes it, sulphate of an Jino ms- 
solring and a basic suljih.ite of copper bcin^ deposited (Gerhardt) Aniline forms 
nith cupric chloride a similar precipitate wlueh soon turns black (Hofmann), 
MniicuET-coMPOUNns 0/doi tde of Fiplienylmercurammomum, 2G“H’lf.Hg"Cl'' = 
Ifg"(G“H*)“H'N’Cl-, sometimes called chlo> omereitraie of amline, is precipitated on 
adding mercuric chloride to an excess of idcuhohc aniline. It is a nacreons precipitate 
which must he collected on a filter and washed with a small quantity of alcohol It 
gives off a small quantity of aiiilme even at 60°, and turns yellowish (Gerhardt, 
Tiaiti, 111 86). According to Sohiff, it decomposes atlOO®, yielding anilme-red, and 
a similar red product is obtained by heating aniline with mercurous chloride to 180° 
rProbably the anihne used coutamed tolnidiue (see p 469) ] 

Aiiotlier mercury-salt oontiiiniug C'»H''Hg’'N*Cl» 2Hg''CP or 2C«H’N 3Hg"OT, rises 
to the surface as a pasty mass when amhne is mixed with [excess of?] aqueous eor- 
rosive sublimate , on mixing the alcohoho solutions, it is precipitated in the form of a 
soft white powder, which soon becomes raystiUiine It must he washed with water. 
"Wheu boiled with water, it turns lemon-yellow, with evolution of a small quantity of 
amlino, andpartiiil solution of the salt, which orystalliaes out without alteration on cooling. 
In a small quantity of hot hydrochloric acid it dissolves partially and melts into a 
lieavy red oU, in a lai'ge quantity completely, and yields white crystals on cooling. In 
cold water it dissolves very sparingly , slightly also in boiling alcohol, from which it 
crystallises on cooling (Hofmann) Of the same composition also are probably the 
needles which Gerhardt obtained by farther addition of corrosive sublimate to the alco- 
hoho liquid filtered fi'om the preceding salt, and which, when boded ,with alcohol, 
yielded an orange-yollow residue and a dark yellow filtrate, from which a mixture of 
coloui'lesB and orange-yellow crystals were deposited on coolmg 
OyamdoofT' ' ' '■"“""C ^g"Cy2 = Hg'’(C«H‘)'H'H''.Cy« 

separates in lo - hot aqueous solution of mereurio 

cyanide It m into anilme and cyanide of mer- 

cury at 80°. It IS not ueeoniposea oy aixaiis (Gcniff.) 

The corresponding xoikio is obtained by double decomposition, in yellowish lamiiES, 
and IS converted into a red colouring matter at 100°. (Schiff ) 

The nitrate, Hg"(0“H*)'HW.2NO® is formed on mixing andme or nitrate of anihne 
with mereurio nitrate, as a white precipitate which becomes erystallino m contact with 
ddute acids. "When heated with water, it gives up nitrate of aniline, and is converted into 
white pulvendent nitrate of diphenyl-dimercnrammomuni, ftg'(C'''H'')*HW.2NO’ H'O, 
and this by the prolonged action of boihug water, is converted mto nitrate of diphnnyl- 
irmercurammomum, ig»(C“H’)'N' 2NO».H''0. (Sehiff ) 

Nitrate of Fhenyl-rm curosammonium, Hg(G“H*)ffir.NO’, is formed by treating 
andme with mercurous nitrate, it is crystalline and easdydeoomposiblo (Schiff.) 

PAtnAnioM-ooKPOtiin) Qhlonde of Dtpltenyl-paUadammomum, Pd"(C''H“)'‘EW01*, 
■i '■ ’ ” ’’ ’ . . .vater containing anihne in suspension, as a 

1 in excess of andme. A similar precipitate 
^ rdt.) 

Tnr-aOMpouOTs. Chloride of Siphenylsiannosatnmonium, Sn''(C“H“)®H''lT’ GP, is 
formed as a slightly soluble crystalbne muss on mixing andme and stannous ebloride 
in equivalent primorlions 

Chloride of Tetraphenyhtanmcammonium, Sn'^(G“H*)'H'‘lI'Cl', is produced by 
strongly heating an intimate mixture of 2 at. aniline and 1 at. tetrachlonde of tin, or 
by dropping amUaeiato a solution ofthe tetrachloride m benzene It is awhiteoryetal- 
hue powder which is decomposed by water with separation of stannic oxide when 
heated even in a stream of dry carbonic anhydride, it is resolved, according to Sehiff, 
into anihne, ammonia and rosanilme? (see p. 469). 

ZiNO-ooMrouHDs.— CAlon* ofFtphenyl-emoammomum, Zn''(C“H®)’II'lil’01* crystal- 
lises in oblique rhombic prisms easily soluble m water and in alcohol, and resolved by 
prolonged boding into amhno and eldonde of zinc. The ohloroplatinaie is a granido- 
crystafline salt The hromde and iodide resembles the chloride in composition and 
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properties The sulphate, Zn”(OH*)"H'‘N*SO*, is more soluble and serves for tlie 
prepaTOtioa of the precoiling salts, by double dreompuaition. (Sebsff.) 

PSENYXi-AniYl.. CH" = (Tollens and Pittig, Ann. Ch 

I'lmrin. cxxxi. 313.) — A hydrocarbon formed by the action of sodium on a mixture of 
bromobon/eno (bromulo of phonyl) and bromide of amyl, diluted until benzene. The 
action, which is attended with eonsiderablo risa of temperaturo, is soon completed, and 
if the mixture be then distilled, a colourless hqiiid is obtained, contaming jilienyl-amyl 
together with traces of free amyl and phonyl, and the benzene heed for dilution ; and by 
a tew reetitlcatioiiH, collecting apart tlie hqnid which passes over at 193°, the phenyl- 
amyl may be obUined pure. 

Phenyl-amyl is a transparent colourless liquid having a peculiar odour not like that 
of henzeuo It hods at 196°, andhas a specitlc gravity of 0 889 at 12°. By oxidation 
with chromate of potassium and sulphuric acid, it is converted into benzoic acid, 
CMori'ie attacks it slowly, with evolution of hydroehlono acid, and ultimately converts 
It into uviscid mass which exhibits no trace of crystallisation. 'Bj fuming mtria aoidit 
is comerled, witli great evolution of heat, into nitrophenyl-amyl, C"H'*(NO*), 
which separates as an oil on addition of water, and cannot be distilled without decom- 
position A certain quantity of dinitrophenyl-amyl is however always formed at 
tile .same time, and ui greater proportion as the temperature is .illowod to rise higher. 
Nitrophenylamylia easily reduced by tm and hgdrochUrio acid, yielding a base in the 
form of a white floeeulont precipitate, which, on exposure to the air, qnioldy assumes a 
dark blue colour and decomposes. 

Phenyl-orayl dissolves easily at a gentle bent in very strong or in fuming sulphuns 
acid, forming a snlpho-acid, C"H''SO*, which when neutralised with barytio 
carbonate, jaelds a barium-salt, C”H*’Ba"S-0“, crystallising with great facility in 
long eapillsvy silky needles, sparingly soluhlo in cold, somewhat more soluble in hot 
water. Tlie potassium-salt, C'H'tKSO’, prepared from the barium-salt by double 
decomposition, forms a radio-crystalline mass very soluble in water and m alcohol. 
The/iffl acid separ.ited from the banum-salt by sulphuric acid, solidifies in vacuo to a 
mdio-crystallmo mass, winch deliquesces very quickly on exposure to the air, but forms 
a erystalbne compound with a larger quantity of water It is a very stable compound, 
melts when heated, and decomposes only at n much higher temperature, Its aqueous 
solution may be boiled for a long time and evaponited to a thick syrup without decom- 
position. On adding chlonde of banum to a dilute solution mixed with hydrochloric 
acid, the large needles of the banum-salt are deposited m a few seconds. Ch'oride 
of calcium forms, only in a concentrated solution of the acid, a precipitate which dis- 
solves on heating the liquid, and separates as it cools in shining crystalline scales. 
Nitrate of silver forms, even in a somewhat dilute solution of the acid, a white precipi- 
tate which dissolves m hot water, aud crystallises therefrom in large shining needles 

CsH’On 

PBEHYIi-AirzsAMinB or Anuatoltde, C'^II'=N0» = C"H‘ Obtained 

H 3 

by the action of chloride of anisyl, C*H’0®01, on aniline, Crystallises from alcohol in 
slender needles which sublime at a gentle heat. (Oahours, Ann. Ch Phya [8] xxui. 
363.) 


PBEWTE-ABSUlVAnSIO ACID. O'E^AsNO’ «• (AsO)'" Iq, or perhaps 


(BAchamp, Compt rend. Ivi. 1172) — ’Wlien the product obtained by 

heating arsenate of aniline is treated with a solution of sodio carbonate, carbonio 
anhydride is evolved, and a viseid precipitate is formed, consisting of aniline and colour- 
ing matters, and the filtered solution, when evaporated and mixed with nitric acid, 
deposits phenyl-arsenonuc acid, which may be rendered colourless by crystiillisation 
from water, with addition of animal charcoal. It is decomposed by heat, dissolves 
wiihiut alteration in ulkajis, but is decomposed by fusion with alkalis, into aniline aud 
an alkaline arsenate : it decomposes carbonates, forming crysUilline salts The sodium- 
salt, C"H’AsNO’, and \!a.o potassium-salt crystallise in rectangular prisms , the banum- 
salt in ohbquo prisms. The situer-salt is anhydrous and Hkewise ci'ystaUisable. The 
lead- and copper-salts are bulky precipitates. f, 

X’BBHTYB-BBNTZAIKXBBS. Amides containing benzoyl and phenyl or its 
derived radicles. 


tA^O-)j^ 


C®H‘ ) 

Phenyl-benzamlae or Benzaniliae, C'WNO = 0’H“0 IN (Gerhardt, 

H J 
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n of oHoride of benzoyl, or of 

• iiijliy(lriJe,'on amline 

0’H‘OCl + = (C"H«)(CrH‘0)HN + HCl. 

{C'ff0)''0 + 2(C«H«H=N) = 2L(C“H‘)(0’H>0)Hlf] + H’O. 

The product obtained by either of these renotions is washed with water and the residua 

Heated with molting 

ipoi , . n heated with oWonds 

o/SciiffoyA It gives oifhydroehloric acid and is converted into phenyl-dihenzamido. 

phenyl-nitrohemavude or Hitroheneanilide, (C''H'’)[CiH*(HO’)0]HN', ap- 
peals to be formed by the action of aniline on chloride of nitrohonzoyl (i. 668). The 
action 13 attended with great rise of temperaturo and evolution of hydrochloric acid, 
and the product is a solid body, whioli eryatallieea from alcohol m shining needles, 
(Bertagnmi, Ann. Oh. Pharm btxia: 269.) 

PJienyl-ailienaiamlde or DltoeuaanlUde, C®H"'NO’ = 
hardt and Ohiozza, Compt. rend, xsivii. 90)— Prepared by heating phenyh 
benziimide with chloride of benzoyl, removing the cioesa of the latter with carbonate 
of sodium, and reerystaUising the residue from boiling alcohol It forms slender 
shining needles, sometimes grouped in rounded grains. It is but slightly soluble in 
cold alcohol of ordinary strength 
Biphenyl-benzamlde, 

Pliarai cxxini. 106 ) — Produced by heating chloride of benzoyl with dipheuylamme. 
It IS a thick oil which solidifies in the crystalline form on coohiig By washmg with 
water and recrystalKsatiou from boding alcohol, in which it is bht slightly soluble, 
it IS obtained in fine orj stals 

TOion treated with cold mtrio acid of ordinoiy strength, it is converted into 
C»H» 1 

phenyl-nitrophenyl-benzamide, rN, a hght yellow, easily orystal- 

C’H‘0 J 

haiug compound, which dissolves with scarlet colour in aleohohc soda, and is thereby 
resolved into benzoic acid and splendid yellow-red, neutral needles of phenyl-nitro- 
C'ff ) 

phenylamine or nitrodiphenylamine, C'H*(NO“)>N 


If, on the other hand, dipheuylbenzamide he treated with the strongest /ajm'ny miHo 
acid^ a solution is formed from which water precipitates a deep yellow crystalline mass 
consistmg of dinitrodiphenyl-benzamide, which dissolves 

in alcoholic potash, forming a soliition of a splendid crimson colom-, which on addition 
of water deposits a yellow crystalline powder, while potassio benzoate (?) remains in 
solution. 

The yellow powder, when oiystalliaed from alcohol, yields roddisli-yellow needles 
with blue metallic reflex, consisting of dinitro-diphenylamine, ® )] ^ 

Fhenyl-tolyl-benzamlde or FUenyl-benzyl-lienzamldei C"’H'’NO =. 
Cff ) 

C'H’ fN (Hofmann, Ann Ch. Pharm cxxsii. 298.) — ^Produced by the action of 
CffO) 

chloride of benzoyl on phenyl-tolylamme (p 464) The action is brisk, and tho pro- 
duct remains fluid for a long tune, but when treated with water, alkali, and alcohol, it 
ultimately sohdifles, and when dissolved in boiling alcohol, separates in weE-developed 
crystals which are more soluble than dipbenyl-benzamide. 

Phenyl-tolyl-benzamide is more easily attacked by nitric acid than the diphenyl- 
compound. On treating it with ordinary strong nitric acid, the cryetals immediately 
become fluid , and if the addition of nitric acid he continued till they dissolve, and 
water be then added to the solution, a yellow crystalhne precipitate is formed consisting 
C«H<(NO»)1 

of dinitrophenyl-tolyl-henzamidoO’H®(HO*)>N, which eiystaUises fromboil- 
C'H»0 ) 

ing alcohol in small yellowish-red needles. This compound dissolves with faint earmine 
colour in alcohohe soda, bemg therelg deprived of its benzoyl-atom, and converted into 

dinitrophenyl-tolylamine, C’H*[nO“)Ih 
H i 
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Diuitrophenyl-tolyl-benzumida treated with reducing agents is converted into abasia 
compouud which erystalhscs lu hoautifnl white needles. 

Pummg niti to acid converts phenyl-tolyl-henzaimde into a nitrated amide which 
appears to contain 6 at. NOh 

PBEMTXi-BZlIirzovXi, C’*!!''© >=> 0“H* C’H‘0.— This body, the ketone of 
benzoic acid, has been already described aa BcNzoun or BENioritENOsn (i 662) It 
was tliBcoveted by BAligot, and has been furtlier exiinnned by Chancel, and re- 
coiirty byiiiimeni.ann (|Ann. Ch Pharm exxxiu 1). It crystallises, according to Han- 
del, in orthorhombic prisms exhibiting the combinution J?co , f oo . tsP. JPm .P , o P. 
Hatio of principal to secondary axes = 1:0 8490 • 0 0536 Angles mP . coP = 
80° 42' and 99° 18’. It melts at 48° to 48'fi° and boils at 296° under a pressure of 
0'741 mm. (compare Chancel’s determiuatioiiB, i. 602). Vapour-density, obs, = 6 22 
(Linnemann); calc. (2 vols.) = 6 28. 

BonzophonDuo heated with excess of bromine in sealed tubes to 150°, is converted, 
with separation of hydrohromie acid, into a brorainated compound containing 41 39 
per cent, carbon, 2 08 hydrogen and 62 18 to 62 23 bromine, probably tboreforo 
C“H’*Br‘0’ which requires 4110 carbon, 1'97 hydrogen, 62 70 bromine and 4 21 
oxygen. It dissolves in boiling alcohol, and s^aiates on cooling as a snow-white 
Bil!^ mass composed of microscopic needles. It melts at 126°, cannot bo distilled 
without decomposition, and yields with sodinm-ainalgam an oil free from bromine. 
(Linnemann.) 

Benzoplienono treated in alcohobe solution inth siilphvne acid and eina, is converted 
by the nascent hydrogen into bcnzopinacone, a siibstaaco related to henzopbenone 
in the same manner as pinacoue, C^“0’‘, to acetone. 

2C''>H'«0 + ff » C“H“Ob 

The bonzopinacone is very slirfitly soluble in alcohol and is deposited on the zino in 
tbs form of a white crust (see PmAcomi.) 

When, on the other hand, beuzophenone dissolved in alcohol is ti'eated with sodtum- 
a different reuchon takes place, resulting in the fomation of benzhydrol, 
^ * I iftoaatoinic alcohol capable of exchanging its typio hydrogen 

for alcohol- and acid-radicles 

C'»H"’0 + H* = O»H>'0. 


Beashydrol. This body is sparingly soluble in icato', 1 part of it requiring for 
aolutiou 2000 pts. of water at 20° , but in alcohols ether, cUorofoi'm, heiiscno or sutphido 
of carbon, it dissolves with facibty, and crystalliaes therefrom in groups of slender silky 
needles. It dissolves in alkabne liquids more easily than in pure water, a concentrated 
solution of caustic potash saturated with benzhydrol, deposits the compound in the 
■crystallins form on addition of water or neuti^sation with an acid, Benzhydrol 
melts between 167 5° and 168°, and bods between 297° and 298° under a pressure 
of 748 mm. 


Benzhydrol heated with dilute aqueous ehroniio aeid, is reconverted into beuzophenone. 
Futiimg mtno add converts it into dinitrohonzophenono, C'*H“(N'0*)'0, which 
crystallises from boding alcohol in needles having a fmnt chamois-oolonr and melting at 
129°. With bromine it yields dibromohenzliydrol, C'*H‘“Br*0, winch crystallises 
from alcohol in a light nuisa of white microscopic needles becoming soft at about 168° 
and melting .It 163°. 

Benzhydiol is resolved, partially by distillation or by heatmg to 300° lu sealed tubes, 
and completely by prolonged boiling under the ordinaiy pressure, into water and 
benzhydrohe ether, C^“H“0 = 2C'''H'“0 - H“0.» The same dehydration, 
resnltingin the formation of benzhydrohe ether, is effected by tbe action of chloride or ’ 
iodide of phosphorus 

llenehydroho ether separates from solution in boiling alcohol in plumose tufts of 
microscopic crystals j it dissolves easily lu bemene and separates tberefrom by spon- 
taneous evaporation in very small bnt distinet crystals ; and by unmersing one of tliesc 
in the solution during evaporation, larger crystals may bo obtained which exhibit the 
form of monoelinie prisms, + P . — JP . — . ( ooPco ) . coPw . Batio of cUno- 

diagonal, orthodiamnsl and principal axes «. 0 6820 • 1 0 523, Angle of inclined 
axe.s = 81° 25', It melts at 111° remaining liquid for a long time after dbobng , 
begins to volatilise above 300° and boils at 316° under a pressure of 746 mm It 


lUlodrWo or other by the oc 
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dissolves in fuming inino acid, and is decomposed thereby on heating, yielding s 
nitrogenous product ; also in strong sndjglmm amd 

Bni^hydrolw JSthglate, ^2^, 1 0, is produced by mixing a solntion of benzhydrol 
in absolute alcohol witli ^th of its volume of strong sulphuric acid, avoiding rise of 
temporatuTo, and leaving the liquid to itself for several days. On then adding water, 
the ether separates as an oil, which may bo pnrifled by wasluiig with dilute potash and 
with water, and subsequent rectification. It is an inodorous syrupy bquid, of specific 
gravity 1 029 at 20°, and boiling at 183“ under a pressure of 736 mm. It is strongly 
refiMCtivc, and when newly prepared quite colourless; huthy exposure to diffused day- 
light for some tune, or to direct snnshino for a few soconds. it hecomes coloured, 
appearing of a flue green colour by reflected and fiuntly yellow by transmitted bght. 
Tlie colour is destroyed by leaving the liquid for some time in the darh, or by gentle 
heating, or by agitation, but may bo restored by exposure to bgbt. After keeping for 
a few months, however, the colour disappears altogether, and is no longer restored even 
by exposure to bright sunshine. In either state, the liquid exhibits strong fluorescence 
when a beam of bght is transmitted through it in a dark room, the emergent light 
being of a bright light blue colour Benzbydrolic ethyliito dissolves iii twenty times 
its volume of alcaluil of 80 per cent , and in all proportions of ether and benzene. It is 
not altered by distillation with concentrated hydinodio acid 'When fused with potash 
It gives off a gas bunimg with a smoky flame, and is converted into an acid whieh 
is precipitated ou neutralismg {he idkaU with hydrochloric acid, but redissolves with 
fiioility m oaustio potash or oarhonate of potassium. 

BenzhydroUo Aaetate, = ci^u 1 0.— Produced by boiling benzhydrol for 

several hours with glucial acetic acid. It is precipitated hy water and purified like 
the preceding compound. It is an inodorous viscid liquid of specific gravity 1'49 at 
20°, colourless when first prepared, but affected by light exactly in the same manner 
as the ethyl-oompouud It remains liquid at 150“, bodB at 301 — 302“ under a 
nressure of 731 mm ; dissolves easily in alcohol, ether, and beneene. Alooholio potash 
decomposes it, even at ordma^ temperatures, into acetic acid and benzhydrol. 

SmzhydioUo Benzoate, Qiag-n |o — Produced by fusmg 3 pts. benzhydrol with 
2 pts, benzoic aoid, ooiitmuing the heat till the mass begins to boil quietly, dissolving 
the eooled pioduot in ether, agitating with potash, and evaporating The residue is 
then pulverised, washed with alcohol, dissolved in ether, and the solution is mixed 
with an equal volume of alcohol and left to evaporate This compound is not produced 
hy treating benzhydrol with chloride of benzoyl, whicb indeed acts just like chloride 
of phosphorus, producing nothing but benzhydvolio oxide 

Benzbydrolic benzoate forms tnmetric ciystuls in which the principal is to the 
secondary axes as 1 , 0 4770 0 6682 They are usually four-sided prisms, ooP, with 
angles of 61° and 129°, and terminated by a braohydome too witli angles of 07° 
30’ and 112“ So'. It melts between 87 ’5“ and 89°; dissolves easily in ether and 
benzme, sparingly in eold, more easily in hot edoohol It is decomposed by distillation, 
leaving a carbonaceous residue and yielding a distillate contajning benzoic aoid, ben- 
zoic anhydride, an oily body slightly soluble in eold alcohol, and a small quantity of 
a Iiydrocarbon, C'E'" By evaporation with alcoholic potashrsolvlion, it ia completely 
resolved into benzoic acid and benzhydrol 

Benzhydrolio Succinate, C*’II'"’0* =■ 1 0®. —Produced, similarly to the 

preceding, by fusing an intimate mixtoe of SO pts benzhydrol and 9 pts. sucemie 
.loid It separates from boiling alcohol as a very bght mass of small shining scales , 
melts at 141°— 142°, and solidifies on cooling to a transparent amorphous mass, 
immediately becoming crysbillina when gently heated. It is insolnhlo in water, 
Biiaringly soluble in eold alcohol, ether, and benzene, more easily when heated. It burns 
with a smoky flame, leaving no residue By aleohdie potash at the boiling heat, it is 
completely resolved into succinic acid and benzhydrol By distiUation it is partly 
resolved mto succinic acid and a hydrocarbon which may be called benz- 

hydroleue- 

05»H=«0‘ = C'H»0* + 20>’H>». 

Another kind of decomposition appears, however, to take place at the same time, for 
the quantity of henzhydrolene ohtamad is but small, and it is accompanied by a con- 
siderable quantity of an ody product 

To prepare henzhydrolene, benzbydrolic succinate, or a mixture of succinic acid 
and benzhydrol is repeatedly dist'Ued , the semisobd distillate is freed from liqnid 
products by cold alcohol, from suecimo acid hy potash, and from uudeeomposed 
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bpnzliydroUe succinate by treatment with alcoholic potash, and the residual product is 
crystallised from boiling benrono. It is also produced, as already observed, by the 
dry distillation of benzhydrolie bcnzoato. 

Benvbydrolene iftelts at 209" — 210°. It is nearly insoluble in cold alcohol, and only 
slightly soluble in boiling alcohol, from which it is deposited in small needles on 
cooling. It dissolves sparingly also in eiher, but easily in hot beiwenc, whonoo it 
crystallises for llio most port on cooling. It does not combine with picric aoiA 
(Liniioraann.) 

PHBH’S’X-BEiarZTIiAMXIVE, Syn. with PiinirrL-ToiTLAMiNB. or Tonn.. 
ANltlNB (p. 454). 

FHEIcnrB'BENZTXiEIirAMIIirE, or rather DiPHEJm-niDENZTiJtNE-DiAMiNE or 
DipiiEim.-niTonTtBi<n5-niAMiicH, (see page 458). 

PHEKTYIoBBOMinXESAXIir. See PHEtrn.-iMEaATrss (p 485). 

(PK'O) 

FBEK-SX'BBXYRAMXBS, C“H‘“NO = C'E* (Gerhardt, Ann, Ch. 

H ) 

Phys [S] Ecivii. 329.) — ^Produced by the action of aniline on bntyrio anhydride or 
chloride of butyryL It is insoluble in water, but easily soluble in alcohol and ether, 
and crystallises from weak boding spirit in beautiful nacreous lammte. It melts at 
90°, and distils without oJtoration It is scarcely attacked by boding potash-ley, but 
gives oflf aniline when fused with hydrate of potassiuiif. 

PHBZrVZi-CABBAlVIIO ACID. Seo CABBAjno Aom (i ,7^1). 

FaEIUYB-OABBAlWIBES. See Cabbaibub (u 765). 


FHBinrZi-CEXYZsAniZH'B or CktylaniHne. (Seo PHnimAsinnss, p. 460.) 
FRESrYXi-CHZ.ORiniBSATZM'. See PjffimrxniBSATms (p. 486) 
PRElVYI.-CKX.OBOCYAITAnKlBB. See PHElOLiJinNBa (p, 442). 
PHENYl-ClNWrAMIBB. See CiNNAinnB (i 989) 

PUBNYI.-CXTltACOj4AM»>BS. See CiTBAOoino Acm, Ahsibs op (i. 993). 
FESNYX-OITBAIVIISBS. See Crrnio Acm, Aaudbs op (i, 1000). 
PBSNYIi-BXASSIKBS. Sec PHUntnAUiBBS (p. 454) 


FBBia'YliEIl'B. C'H''. — ^A liquid having this composition and boiling at 91° was 
found by Church (p 416) among the products of the distillation of phenylio chloride 
with Bodium-iimalgam. 

FBEBYBSBE-DZAMinrB. =• (Hofmann, Proo.Eoy. 

Soo, xi, 618 ; xii. 639.) — This base is obtained by the action of reducing agents on 
nitranilino : , 

C»H*(NO*)N + H‘ = G«H>N» + 2H»0, 
and exhibits the isomeric modifications « and fi, according as it is produced from o- or 
S-nitramliiio. 

Alpha-phenylono-dinmine is easily prepared by the action of ferrous acetate on «- 
nitnimlmo, or by tlie prolonged action of the same reagent on dinitrobenzene, that 
compound being converted, first into nitrauihne, and then, by a continuation of the 
same action, into phenyleuc-diamine : 

CPH'NOt) 

HO*J NH*5 NH» 

Dinltrobunzenc. Nitranlliiic. Phenylene>UInm!ne. 

The Bubsfanco called seiuibenzidam, which Zinin (X pr, Chem. xxxiii 44) 
obtained by the prolonged action of sulphide of ammomum on dinitrobenzene, some- 
times lu brown flakes, sometimes as a yellow resin, exhibiting the composition 
was propably impure o-phcnylcne-diamine. 

Eeta-pheiiylene-diamine, the product of the reduction of fl-nitraniline (obtained from 
nitropiienyl-acotaraide, &c., p 418), may also be prepared by two other processes, viis., 
o. By the action of ferrous acetate on dinitraniline , 


^^(NO*)*!? + 7H“ = C“H"N» + NH» + 4H“0 
h. By the notion of zinc and sulphuric acid, or other powerfid reducing agents, "on dini~ 
trazobeuzeno (i. 478), or dipheume, (n 336), which is the first product of the 

same kind of action on dmitrazobenzene: 


C'»H»N’iNO')’ + 6H’ = 4H*0 + 2C«HW. 

Diuitrozobeczonc. Diphenlne, 
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OH»N“ + H« = C“H«m 

Dlphenltie. ITOenirlwe- 

Alplia-plienylene-aianiins when freshly distilled is a slightly coloraod 
heavy oil which, like anilme, has a tendeney to assume a brown colour on exposure 
to the air It often remains liquid for days, and then MaduoUy solidifies to a mass of 
eiystals which become hard and white by washing noth ether It melts at 63°, boils 
at near 287°, and distils without decomposition It is very soluble m viator and in 
alcohol, forming aolnhous which have a distinctly alkalme reaction ; much less soluble 
in ether. 

Beta-phonylene-diamine eryatellises much more readily than the u-baso. It melts 
at 140°, boils at 267°, and sublimes even below its boiling pomt, in splendid erystalbne 
plates rcseinbhng pyrogalho aold. 

A solution of yS-phenylene-diamiue in sulphuric aeid mixed with peroxide of man- 
ganese yields quinone, which distils over on heating the mixture and ctystalliaes in 
the receiver . 

C'E-N” + 2ffS0‘ + Mn"0« » CHW + iyin'’SO‘ + (ITH'fSOh 

Alpha-phenyleno-diamine when similarly treated evolves a faint odour of quinone, 
but does not yield crystals 

Both modifications of phenylene-diamine are di-acid and form salts which erystalhse 
easily and well. The fi-salts are mors soluble than the o-salts. fi-phenylene- 
diamino and its salts are remarkable for the facility with which they are converted 
into violet and blue compoimds under the lufiiienee of oxidising agents, such as 
chlorine, bromine, ohromio aoid, ferric and platmie oUoride, &c. The salts of both 
modifications are easily decomposed by the tod caustic alkalis, the fi base crystallisuig 
immediately, whereas the o base separates in oily globules which only gradually 
solidify. The base is also separated fi'om its salts by ammonia, but redissolvos in 
excess, formmg a solution which gradually turns brown and decomposes This may 
perhaps explain why the diamme cannot be oonvcnieutly obtained from dinitrobenseuo 
by reduetion with sulphide of ammonium. 

EydrooUorate of a-phenylene-diamvne, C'ffN’.ZHCl or (C*H*)''H“N'‘C1*, is very 
soluble in water, but crystallises easily from concentrated hydroehlorie acid. The 
^-hydroMorate is also extremely soluble m water, sparingly in hydroeblono acid, and 
crystallises in large prisms. The a-ohloroplatmate, C'H'WCI' rt'’01*, crystilisea in 
splendid needles. The fi-aaff of the same composition forms hght yellow plates 
extremely soluble in water and easily decomposed by heat. 

Tho fi-hydrohrormte, C‘H®N®,2HBr, resembles the hydroehlorato m every .respeet. 
The a-hydrobromate and a-hydnodate separate immediately in eryetaUiue masses on 
bringing the base in contact with the respective acids ; they crystallise splendidly from 
water and more especially from alcohol. The nitrate, oxalate, and avlpvxU olao crys- 
tallise well 

Both a- and fi-phenylene-diamine are readily attacked by the aloohohc iodides. By 
alternate treatment with iodide of methyl and oxide of silver (or distillation with soda) 
twice repeated, and one more treatment with iodide of methyl, each base yields a well 
ciystalliaed iodide containing or iodide of hex- 

methyl-phenylene-diammomium [] crystallising in plates 

extremely soluble in water, less soluble in alcohol. It exhibits the same properties 
whether prepared from a- or from fi-phenylene-diamine, excepting that the compound 
is the more soluble of the two. 

Intermediate compounds may of course be obtained by stoppmg the action at an 
earlier stage, ^-tetramethyl-phenylene-diamme, treated with methylie 

iodide yields, before being converted into the hexmethylated eompoimd above men- 
tioned, a rather difficultly soluble pentamethylated iodide containing = 

|n“.C)H’I; and this, when treated with hydriodie aeid, is converted into the 
di-iodide of pentamethyl-phenyleno-diammonium, = 

EerxvaUves of FTwtiylme-d/tamne. 

ITltropbenylene-dlamlne, C'H'N'O* = )] Azoyhetmlmnxno 

Vor-IV. II 
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(Grottliel)). Nitmzoplunylamtne (Gorhardt). — ^Tliis compound, discovored by 
Gottliob (Ann. Cli. Pharm. Ixxxv, 27), ia produced by the action of eulpbide of am- 
monium on dmitranibno : 

CI*H»{NO‘)’N + 3H=S = 4 2H’'0 + S». 

■Wlion dinitratiiliuo is boiled for about two lioura with a lai'ga excesa of solution of 
eulpiiide of ammonium, tlio liquid acquires a dark red colour, and the crystals of dini- 
tranilino disappear, being succeeded by a network of delicate shining dark red needles, 
which gradually increase in quantity, and ate Ukowise abuudantly deposited after the 
action IS completed and the liquid has cooled. The conipouad ia obtained pure by 
I ■ ‘ ■* ' " ' hydroclilorate or oxalate purified by several crystallisations, 

I • ■ . two or three times from hot alcohol 

■s . ^ I . : crystalhses in groups of long slender needles having a slight 

red colour when dry, and exhibiting a golden indoscence on thofr broader faces. 
When separated by ammoma from a saturated solution of one of its salts, it tiJtes 
the form of a dull bnek-red powder , but dilute solutions deposit it in small, reddish- 
yellow, shilling plates. It melts at a high temperatiwe and volatilises in great part 
without decomposition, forming a woolly sublimate When suddenly heated, it explodes 
slightly, leaving a residue of chnrcoab It dissolves readily in water, alcohol and 
other, forming deep red solutions. — Nitrous acftf converts it into azonitropheny- 
lonie aeid(p. 484). 

It combines with acids, forming mono-ncid salts which are decomposed by water and 
by alcohol, with separation of the huso : hence in preparing them, it is necessary to 
let them crystallise in presence of an excess of acid 
Stilphate of Niiroplicm/hne-dianune, (G“II’N‘0’)’H''S0<, ia obtained by dissolving 
tho ba.se in wwin dilute sulphuric and, and separates on cooling in yellowish scales, 
having a fatty lustre luid containing 8'20 per cent sulphur. 

A mixture of tho solution of this salt with sulphate of alumina, does not yield any 
double salt wbon loft to evaporate. 

The Hydrochtoratr, C'HWObHCLH’O, may be prepared by boiling the crude base 
■with dilute hydrocbloric acid, which dissolves it> leaving only a residue of sulphur and 
a secondary product of a dull green erystaUino aspect, part of whioli also passes into 
the solution. To free the salt completely from this impnnty, it must be repeatedly 
dissolved in boihng dilute hydrochloric acid and reeryslallis^. From a concentrated 
acid solution, it separates in yoEowiah-hrown needles; from a dilute solution by apon- 
tineouB evaporation, in oblique prisms often four or ilvo millimetres in len^h and 
united in groups _ These crystals exhibit a light brownish-green colour by transmitted 
light, and a peeuliar blue iridescence on some of their faces by reflected light. The 
acid solution has a greenish-brown colour. Tho crystals contain 1 at ivater which 
they give off at 100“, or in lacuo or over oil of vitriol at ordinary temperatures. At 
100°, nowevov, partial decomposition takes place and hydrochloric acid is given off. 

CJdoroplaunate, 2(C*II’N*0“ HCl)PtCl'' — ^A dilute solution of the hydroehlorate 
mixed with tetmehlnride of platinum, does not yield n double-salt, the platinum being 
reduced to the metallic state (Gottlieb); but on adding the chloride of platinum to 
n concentrated solution of the hydroclilorate, the chloroplutinate is obtained in splendid 
long brown-red prisms. (Hofmann, Proe. Roy Soe, x. 499 ) 

Ci/anoplatinato, 2(OII^’0* HCy) PtCy* JH’O. — Obtained by adding the cryatal- 
haed bydroeliloKite of nitrophenyleno-diamine to a boiling aqueous solution of 
plafa'noeynnide of magnesium. The solution separated by filtration from a small 
quantity of dark insoluble matter, gradually deposits a mixture of the oyanoplatinato 
and tho free bane, which letter may be removed by digestion vrith a smell quantity of 
dilute hydrochloric acid. It fonns large laniiine, having a hght hrowniah-yellow colour 
and strong lustre, and giving of their -water at 112° They cannot he reerystallisod 
from water without partial decomposition. 

Nitrate, C'ETi'C’ NHOh — ^Warm dilute nitric acid readdy dissolves nitrophenylene- 
dianune, hut the soliitiQU soon acquires a dark colour and deposits fltikos, indicating 

e il decoiupoaition. The pure salt may however he obtained by moistening the 
with water, and pouring dilute nitric acid upon it by small portions : it is then 
immediately converted into a thick magma of micaceous scales, which may be freed 
from themotber-Uquorhy pressure between paper, Tho salt thus prepared is anhy- 
drous, and may bo kept for months over oil of vitriol without losing its lustre. 

2C“H’N*0*.C’H®0*— Obtained by dissolving the base in aqufous oxalic 
acid. IVom concentrated solutions it separatoa in yellow needles , from more dilnte 
solutions, m brownish-yellow prisms, exhibiting a bluish iridesoencs on certain faces. 
It is anhydrous, and dlsaolves hut Bparingly in cold water. 

The sulphate, 20''H’ir*0’.H*S0^ is obtained by dissolving the base in warm dilute 
Bulphurie acid, and separates on coohng in yeUowiah scales having a fatty lustre. 
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' SriTI10PHE»m.ENE-OXAJin)E, O'H'N’O* : 

(Gottlieb). Mti'oisophmyl-o^amide (Gerhardt) — ^When nitropheuylene-diamino 
IS dissolved m excess of oxahe aeid, and the liquid ia evaporated over the water-hath, a 
brownish-green residue is obtained, eonsistmg pajitly of mtrophenylene-osidiamio aci^, 
and partly of nitiophenyleiie-oxamide : 

C«H'N» 0 ’C»H» 0 * - IFO = C“H’]Sr’ 0 » 

Acid oxalate of »i£ro- Nitroplienylene-oxi- 

phenylene-diamlna. dlamlc-acld. 

aiid: C«HWO“ - H«0 OHWO* 

Hltrophei^lenft- 

If kept for some time at 100° it is almost wholly converted into the latter compound, 
without change of aspect. (Gottlieh, Ann. Oh. Ph>irm. Ixxxv. 38.) 


NrrROPiiEifvi.miB-oxiDiAMic Aoni, C'H’N’O" . 


phc^iylamto aeid (Gottlieb). Mfrazo’^ityl-oxatmc acid (Oorhardt).— The am- 
mouium-salt of this aeid is obtained by treating the brownish-green residue above- 
meutioiiodwith aqueous ammonia. It is sparingly solnhle, and cryetalhaes from a/hob 
aqueous solubon in yellow needles. The harimi-saU, 0''>H“Ba'N''0">.3H®0, is ob- 
tained as a light oraugc-ooloured, sporuigly soluble, orystallme precipitate on mixing 
the ammomum-salt with chloride of barium. It retains 3 at water at 100°, and be- 
comes anhydrous at 160°. By decomposing this salt with hydroehlorio acid, the feee 
acid is precipitated ui amall light-yellow granular crystals. (Gottlieb, fao. cj< ) 

(OHT) 

Azop&enylene-dlamliie, G’H'N* — N'" hN*, or DiaeobemolimMe, 

H ) 

(0*H‘N®) I (Griess, Bhil. Trans. 1884, [8] 682.)— This compoimd is produced by 
the action of aqueous ammonia onperbromide of azophenylammomum: 

0«HWBr» -t 4NH« » + 3NH*Br. 


The action is attended with considerable evolution of heat, bromide of ammonium passing 
into solution, and nsophenylene-diamine separating as a heavy brown oil, which may he 
nearly decolorised by repeated distillation with water, then dried over chloride of 
oalcium, and ftnally redistilled under diimniahed pressure. 

Azophenylene-dmmine is remarkable for its narcotic aromatio-anunoniaeal odour. 
It volatilises by distillation with water, or when heated in a vaounm, but on attempt- 
ing to distil it under the ordinary atmospheric pressure it decomposes with eimlosive 
■ violence. It is not sohdifled by a frigonfio mixture of nitre and sal-ammoniac. Aleohol 
and other dissolve it with some difficulty. Hydrochlono acid even when concentrated, 
and aqueous potash have no action upon it. Strong nitrie and sulphurio acids dissolve 
it without decomposition, lif ascent hydrogen, genemted by zinc and sulphurio acid in 
an alcoholic solution of the diamme, reduces it to amline and ammonia ; 

C!«HW + H* = C»H’N -4 2NH* 

(C"H“Br)' ' 

Azobromopbenylene-diamine, C'ffBrN’ = N"' or JDweobromo- 

H 

bmaolirmde, jq. (Griess, PMl. Trans. 1864 [8] 700.)— Perhromide of 

azohromo-phenylammonium (p. 437) is converted by aqueous ommonia into a yellowish 
oil which by a single distillation with water yields pure azohromophenylenediamino. 
This compoimd generally forms a white or slightly yellowish mass of small orystallino 
phites which melt at 20° to a heavy oil. It is insoluble in water, rather sparingly 
soluble in alcohol, easily soluble in ether and benzene. It distils readily in presence 
. of water, but explodes feebly when distilled alone. 'When exposed to the oir it appears 
to volatihse gradually, emittmg the same sioinatic ammoniac^ odour as szophenylene- 
dinmine. It resembles the latter moreover in its behaviour with various reagents ; 
oaustio jratath, hydroehlorio acid and bromine have no action upon it; strong sulphutie 
and mtric acids decompose it readily. 

Nascent hydrogen generated by ano and sulphuric acid m analeoholic solution of the 
diamine, converts it into bromamlino and ammonia 

OT^BrN" -4 H' = O’H’BrN + 


ii2 


2HH». 
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By acting upon perBromMo of aaobromoplienylamraoninm Tvith etliylamino, aniline, 
&C., eorrespoudiug Bubatitiition produeta of azobromophonylone-diaiama are obtained. 
(C'H’Br)") 

Ethyl-axo-brotni^henylenc-dtamine, H'" w, forms a yellowish oil which does 
-not solidify oven when cooled ranch below 0°. 

The corresponding pAcKyf-cpmpoKnii, N'" >N’, forms orange-yellow crystals, 

(C»ffBr^)"-j 

Aaodlbromopbonyleno-tliamlne, N"' IN®, is produced by the action of 

H ( 

aqueous ammonia on porbromido of tusodibromo-phenylammonium, and after repeated 
crystfllheation from alcohol, forma white needles which melt at 62°, and detonate slightly 
at a higher tepperature It is very httle soluble m water, more soluble m hot alcohol, 
easily m ether. (Grriess) 

(C‘IPCl)"i 

vN’, forms easily fusible crystals. 


n . 

which me ensily fusible, and puss over on distillation with water as a yellowish oil 
which soon sohililles. It litis .ui oroiiiatic amiiiomaeal odonr like that of the analogous 
compounds previously described. 

[C"H«(NO’)]") 

Azo-nttro-pbenylene-dlamlne, ClI^N'O® = N'" Diazonitro- 

htmoliimde (Gnoss,Plnl. Trans. 1864, [3] 708, 710 ) — This compound, like mtrani- 
line and all its other deni atives, exists in two isomcnc modifications, which are obtained 
by the action of aqueous ummoma on the perbromides of o- and ^-aaomtroplienykni- 
moniun The a-compouud erystalhses in orange-coloured needles which melt at 52° 
It IS somewhat soluble in hot water, from which it eiystuBisea on cooling in whitish 
needles. It has somewhat of the odour of uitrobenaeae. 


ion deposits a magma of crystals on cooling ; they also dissolve as readily in ether, 
h hoihng water they molt, forming a yellow oil but slightly soluble in water, the dis- 
solved Mrtion yielding very line, almost white oiyatals on cooling. The erystula 
obtained by rcerystallisHtiou ftom alcohol melt at 71°, a temperature much higher 
therefore than the melting point of the «-compound. The j8-compouud explodes #vhon 
heated a little above its mdting point 

Azonltrophenylenlc aold. (Hofmann, 3?roo, Eoy Soo. x, 496.)— This acid, 
isomeric or metamerio with azouitropbenylene-diamiue, is produced by the action of 
nitrons acid on nitrophenylene-diumine, the change consisting, os in otlier oases of 
nitrous eubsUtutioii, m the replacement of 3 at hymogen by 1 at. nitrogen ; 

C»H'N’0* + NHO' = 2H»0 + C*(H<N"')N“0». 


On passing a current of nitrons acid gas into a moderately concentrated solution of nitrate 
of n 1 trazoph eny leno-diamine, the liquid becomes slightly warm, andoncoolmg deposits a 
eoneidenihlo quantity of brilliant white needles, which are sparingly soluble in cold, 
easily in boiling water, and may be purified by two or three reciystallisations 

The acid thus purified forms long prismatic eiystais, often interiuced, white as long 
as they are immersed in the liquid, but assuming a slightly yellowish tint when dried, 
especially at 100° ; they dissolve readily in alcohol and m ether It melts at 211° and 
sublimes in prismatic ciystals with partial decomposition at a somewhat higher tem- 
perature. _ It IB remarkably stable and may be boded either with potash or with hydro- 
chloric acid without undergoing any change, neither is it decomposed by passing 
nitrons acid gas into the aeneous or alcohobc solution. 

The ^stalB have a distinct aeid reaction, and dissolve at a gentle heat in potash or 
ammonia, without however neutralising these liquids. The acid also dissolves inalka- 
bne carbonates, but without expelling the earbonio acid. The potaaanim-Salt contains 
G'H’KN'O", and the silmr-mlt Cl“lI“AgN^O’, 


PH£irrx.<]IXSin;pao.]>IAMXC acid. See SnnmiAMia ErB32BS. 
PKBJnri.-iBTHV£. _C»n"> = 0«H=.C-ir\ (ToUens and Eittig,Ann. Ch. 
Pharm. cxxxi. 310 — Ifittig, lihii cxxxiii. 222) — Tins compound, isomeric, but not 
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identical, witli xylene {q. «.), is obtained ty the action of sodium on ainutnre ofliromo- 
benzene '(bromide of plienyl) and bromide of ethyl, diluted mth pure ether. The 
action is rather energ(4ie and requires to be moderated by external cooling The distillate 
after being freed from ether consists almost wholly of phenyl-ethyl, with only traces of 
free ethyl and plienyl 

Plienyl-itliyl is a colouidess mobile liquid, verymuchhketolueneand boiling at 133°. 
By oxidation inth chromate of potasuum and sit/jiAaric oeiii it is conwerted into ben- 
zoic acid (xylene treated m the same manner yields terephthalio acid, C“H''0'‘) 

Bromine acts slowly on phenyl-ethyl, with rise of temperature and evolution of hydro- 
bromic acid, and forms a heavy colourless trausparent hquid, boiling at 200°, aud 
cxlubiting the eompositioii of monohromophenyl-ethyl, C“H"Iir Heated in 
sealed tubes with excess of bromine, it is converted into a heavy viscid oil consisting 
of a mixture of several more highly hrominated compounds. 

Phenyl-ethyl treated -mlh. fuming nitric aeidm a vessel externally cooled is converted 
into mononitrophenyl-ethyl, C“H“(NO“), which when precipitated hy water and 
purified by washing, drying over chloride of ealoinm, and rectifleation, forms a light 
yellow oil heavier than water .vnd boiling without decomposition at 233° (nitroxylone 
13 decomposed by diatdlatiou). It is easily reduced by tin and ligdroctdono aaid, yield- 
ing the hydrochlorate of a base wbieli in the free state forms a colourloss oil, turning 
brown on exposure to the air, but not solidifying The oxidate of this base crystallises 
in large ooloui'less needles, only slightly soluhlo in cold water. The cMoi'oplatinate 
crystalhsos in sbimng scales 

Dinitrophenyl-ethyl, O'HWO*)’, is pxodneedby heating the mononitro-eom- 
pound with nitric acid, or when plienyl-ethyl is gradually dropped mto a mixture of 
2 voL strong sulphurio aud I voL filming nitric acid, and the clear hquid is gently 
heated. It then separates on the surface as a yellow oil wluch cannot be distilled, but 
may be purified by washing with water, solution m alcohol, and drying over sulphuric 
acid. It then forms alight yeUow, perfectly transparent oil, which dissolves in boding 
icohol, separates almost completely on cooling, and is decomposed by distillation. 

Triuitrophonyl-ethyl, C“H’(NO’)’, is produced in small quantity m the pre- 
paration of the dinitio-oompound, as above described , and the latter may bo almost 
wholly converted into the trimtro-oompound by dissolving it in a mixture of strong 
sulphurio aud fumuig nitric acid, boding the liquid for an hour with repeated addition 
of fuming nitric acid, then adding suffloient fuming mtrio acid to dissolve the oil wluch 
has risen to the surface, leaving the solution to itself for 24 hours, and then pouring 
It into water. The tiinitro-oomponnd thus prepared is an oil resembling the dinitro- 
eompound, but stdl more viscid, and exhibiting no truces of eryatalhsation, even after 
long standing. (Xylene is easdy converted by fuming nitrie acid, even in the cold, 
into a eiystalline trinitro-compound.) It is reduced by sulphide of ammonium to a 
base, probably ^ which erystidhaeafromboilingwaterinoranga-yellow 

laminse, and forms a hydrochlorate easdy soluble m water, alcohol aud ether. 

Thcnyl-etbyl dissoh es quickly in gently heated/iimiMy iidphunc acid, and the solution 
if left to itself for some time, deposits slender colourless needles of a aulpho-aoid, 
C”H'“S0’, very deliquescent, having a strongly acid and bitter taste, melting when 
heated, and bUokening at a higher temperature. The same solution neutralised with 
carbonate of barium yields a' very stable barmm-aali, 0’'H‘“Ba''S^0*, which crystallises 
m beautiful stellate groups of flat sdky needles, much less soluble than sulphotoluylate 
of biu'ium , it does not suffer any loss of weight at 160°. The calcium-aalirot the same 
acid, 0'®II'®0a"S“0“, is very soluble in water, and is obtained hy spontaneona evapor- 
ation as a shining translucent saline mass. 

PHSlTYXi-ETKYliAlVIXirBS. See ETHii-AinLiHB, &e., imder PmatiYUAiirmBS 
(p. 450), 

FBENYXi-rORMAiaiDE or FOKMAVriI.XDE. See FoBmaMIDIl (ii 082). 

PHEITYHO ACID. Syu. with PHDNon. 

PHEHYEIDE OP BEvrzOYl.. Syn. with PnBim.-BENZ0yn (p. 478). 

FHEETYEIDE OP SUEPHOPKEig-YE. See Sulfho-benotb. 

FHBnrYE-ZMESAXIN'S. Compounds produced by treating isatin (lii 400), 
bromisatin and chlorisatin, dissolved m boding alcohol, with andme aud its substitution- 
derivatives. Their relations to imesatm (ui. 246) and their mode of formation are 
exhibitedftiy the following equations : 

C»HWO = O'ffHO* + , HH> - H?0 

OHH'WO = O^fflSrO'' + C“H’N - ffO 

rhenjlliaesdtta. Isailii. AuiUnc. 
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C»H«Bi>N’0 

= OT'BrNOA 


Aniline. 

H«0 


C'^H®C1N*0 

PhonvI-cJilor- 

- COTOINO* 

Cblorl&itin. 

+ 


ffO 


CffUrN'O 

= CI«H*NO* 

Isatin. 


C»H®BrN - 

H»0 

C>'H»C1N'0 

Chlorophcnjl- 

= C»H»NO« 


ffH'ClN - 



The compounds thus formed crystallise ftom the alcoholic solution on cooling mostly 
in yellow or orange-yellow needles They are msoluhle or sparingly soluble in water, 
easily soluble in hot alcohol. 'When treated with acids at tho boding boat, they are 
resolved into isatin, bromisatin or chlorisatm, which is precipitated, and a salt of 
anihne, ehloramUne, or broraaniline which romains in solution. With alkalis they 
yield a solnble isatate, hromisatate, orchlorisatate, with separation of andine, bromani- 
lino or ohloranilino. Isatin fre.ited with nitraniline or tribromamlms does not yield 
corresponding compounds (Bngelhnrdt, X pr. Ohem. Ixv. 260) See also G-mm'a 
Bandleok (3iii 83) 


PBBNVX-ITACON'AnilC ACID.) 
PBSir71i>ITACOIirAMIl>E. j 


See Itaoomio Aon) (iii. 435). 


PBKWTi-ittAiiAi«iiJ>M™*[ Mamo Acm, Phemtlatbd Aamrns op 
(ill 707). 

FBBM'VZi-ACBBCAPTAir. Sco PimNn,, StmFEimiUTn OP (p 418). 


PBBinrz.-ncaTairii. C'H® = C*H‘.CHA (Tollens andFittig, Ann. Ch. 
Pharm. czioci. 304 ) — Produced by the action of sodium on a mixtiun of bromoben- 
zeuo and bromide of methyl diluted with pure anhydrous ether, in a vessel externally 
cooled. Tho distillate is freed from ether by heating it in the water-bath to 60°, and 
then rectified two or three times in contact with sodium. 

Phenyl-methyl is o transparent colourless liiinid, smelling like benzene, having a 
speeiflo gravity of 0 881 at 6°, and boiling point 111°, which is the same as that 
assigned by wilbrand and Boilsteui (Ann. Ch. Pharm oxxviii. 269) to toluene. 
In faot phenyl-methyl appears to be identical in every respect with toluene obtained from 
coal-tar (i. 674). It is converted by fuming nitnoamd vato a nitro-oompound, O’H'NO®, 
having the peculiar bitter-almond odour of nitrotoluone, boiling at 222° — 223° 
(nitrotolueno boils according to DoviUo at 226°, aoeording to Wilson at 226° — 226°) ; 
and converted by sulphide o? ammonium into a oryataUino base, O’H'N, having all the 
projiertieB of ordinary tolmdine or bcnzylnmine (i. 676). Phenyl-methyl dissolves m 
fuming lulphuno ocid, formmg sulpbotoluylic aeiu, C’H'SO”; and (like toluene) 
it 18 converted by oxidation with sulphune acid and chromate of poiaasivM into 
benzoic acid. 

In Its identity with toluene, phenyl-methyl dififers remarkably from phenyl-ethyl 
and phenyl-amyl, tho former of wliieh is isomeric, but not identical with xylene, the 
latter with pumeno 


PHBB’YX-BIETH'S'XiAlMiljrBS. See HETHmANiLiNB, &a, under PmirsxA- 
iinms (p. 463) 


PHEim-BAPHXBYB'SBBPaOCARBAMXDE. 


Isomeric 


or identioal with sulphoeyanate of plienyl-naphthylammonium (see UfAPHTHimuimB, 
p. 22). 

PBBBTIi-intrBOBBXrZAnilllE. See PB-RiJTT.-UKt raAMm n (p. 476). 
PBBVTE-OXAElIXAiaXDE. Soo OxAiOBAMIDH (p. 278). 
PBEN-YXi-OXAMIO AOXS. See OxAinto Ethebs (p. 282), 

PBEja"ni-paosPBAMIC acid. See Phosphamio Aou). 


PBEBYX-PHOBPBAiaiSE, Sco PhospSAIUdb. 


PHEBYI-PHTBAXiAiaiC ACISJ 
PBEBYIi-PBraAEnniDB. j 


See PiiTHAMo Acid, Amides op. 



Jt'HlLiJjYKlW. 


487' 


frektyx-ftrotartbakic acid. 

FHENYE-PYROTARTRAiaiDE. 


Sbo Pybotajitabio Aoid, Ajudbs 


PHEXTYli-SAEICYEAnilDE. See Saucylauides. 
PHEMYE-SIKrWAiaiWB. See SnotAJinra. 
PHENYli-STEARAMIXDE. See Steaeic Acac, Amides of. 

SoeSDDEEIoAoiD,AMIDESOI 

PHENYD-SUCCINAMIC ACXD.a 

PBERYE-SirociN'AnilDE. 1 See SucciNia Aom, Amxdes < 


PHERYE-SUXiPHAlVIXC ACID. See ScDFKAMIC Etbebs. 
PHEErYE-SUDPROCARBADIIDBS. See Oakbamide (i. 766). 
PRERYE-SUEPROPBEnrYEAnilDE. See STrLFHOPBEKYDAMIDB. 
PHEKYE-SREPHirRlC ACID. See SeDPHimio Etkbbs 
PHENY 1-8UDPHUROUS ACID. See Sdlphdeods Ethebs. 


PHERYD-TARTRAnilC AOXD.I 

PHSKTYE-TARTRAKiDE. V See Tabtabic Acid, Auides of. 

PRERYE-TARTRIiniDE. ) 

PRERYX-TKIosurAraxiirE. See Tiuosihauihe. 
pheryd-TOEYEAi«ih'B. See Phenylamiots (p. 464). 
PHENYl-VREAS. See Gabbamidb (i, 766). 

PKERYIoVADERAMIDE. See Valeeamidb. 

PHIEDIP3ITE. Limo-hatmotome (see Habmotomb, ui. 13), 
PHIEDYCEH'IN’. CS'H«0«.' (Bertagnini, Ann. Oh. Phanu. xovii. 109 )— A 
resinous subatimce produced by boiling phiHyrm mth dilute liydrochlorio aoid, or 
better, by the lactio fermeulation of pbillyrin. ‘ whito nacreous 

mass. It IS msolublo in cold water, very littli I but dissolves 

easily 111 oMoZ and ci7ici'. It is polymeric viui siuigUim u, u.- u- = 3C'H‘0’ 
■With cUonne, Inonum and iHtrio acid, phiUygenm fonns substitution-derivatives 
similar to those obtained in like manner from pjhUlynn (De Luca) MonohrojihiUy- 
ffcnin, 0®'H‘^*Br0“, crystallises in shining needles. 

PHIEDYRIET. (Campona, Ann. Ch Pbarm. xiiv. 242— Ber- 

taguini, ibid sou. 109 — De Luca, ibid csnii 124.) — ^A substance contained lu 
bark of Millyrca latifoha, -whence ib is extracted by treating the aqueous decoction of 
the bark with quick-lime or oxide of lead, evaporating the filtrate, and leavmg it to 
ayetallise According to De Luca, the mother-liquor contains maniute. 

Pbillynn is white, erystallisable, inodorous, bitter, sparingly soluble in cold water, 
more soluble in boiling water and m alcohol (Campona). Ipt of phiUyrm dissolves at 
9° ill 1300 pts. water, and in 40 pts alcohol (De Luca). It is nearly insoluble in 
ether, quite insoluble in oils both fixed and volatile (Campona). It melts at 160° 
to a colourless hquid, which begins to decompose at 260°. (De Luca ) 

Accoi-ding to Bertagnini, the formula of crystallised phillyrin is SJH’Q 

(aualysis, 67 66—07 88 0 and 0 63—6 82 H, calc 67 76 0, 6’63 H and 36 62 0), 
The water of orystallisataon is givenoif between 60° and 60°. According to De Luca, 
the amoiiut of water in plnllynn varies aceordmg to the humidity and temperature of 
the air, and it is all given off at ordinary temperatures over sulphurio amd or in a 
stream of dry air. Phillyrin melts at about 160° to a colourless mobile liquid. By bod- 
ing with dilute hljdroohlono amd, it is transformed into phillygenin and glucose : 

C®H«0" + H'O = C’>H«0» + C"H‘’0". 

Phillyrin Phillygenin. Olacone. 


It undergoes the same transfoimation hy lactic fermentation. Synaptase has no action 
upon it (Bertagnini) 

Sulphuno aoid first dissolves it -with red colour and then decomposes it (Campona). 
Dilute'^itrio aoid forms with it yellow sdky crystals ; with a less dilute acid, crystal- 
hue grains are obtained; with strong hoilmg nitric acid the products arc oxalic acid, 
and a substance which eiystaUises in yellow shining laraiuin (Bertaguim) Accord; 
Ing to De Luca, it forms mono- and di-uitro-phillyrin. 
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, PHLEGMA—PHLOR AMINE. 


, Chtorim and hromtnr transform pliillyrin into sntotitntion-deriTntivea oontnining 
1 nnd 2 at. ehlorino and bromine, and capable of splitting np, like phillyriu itself, into 
glucose and elilorinutod or brominated doavatives, 

VBXiSOlMCiV. An old name for the -watery residua left in the distillation of 
spirituous or noid liquids. 

SaXiStTK. See GnJissns (i. 943). 

PBKOBAFREKrS. (From ifAoidt, bark, and colour). A brown substance 
obtained from tbe bark of certain trees, eg. Pmus sj/lvestris, Plaiamca aeenfoka, 
China flami and Setitla alba. It is said to have the composition and to form 

a hydrate containing Jto§at. water. (Hofstettor and Stahelin, Ann. Ch. Pharm. 
li. 63.— Handw. d Chcm. vi. 226.) 

PHJtOOISTOir, See Combustion (i. 1089), and Gas (ii. 774 — 782). 

BHliOaoFITS. Bhombio Mica (see Mica, in. 1012). 

Cm?tO’ = (Hlosiwatz and Pfanndler, 

Ann. Ch. Pharm. eriv. 202.) — A compound produced by the action of ammonia on 
phlorogluein : 

CPH'O* + KH« «. C'H’NO* + ffO. 

Phlorogluein, over -which dry ammonia gas is passed, absorbs large quantities of it, 
and melts , and if, as soon as the formation of water has ceased, the resnltmg crystal- 
lino mass be dissolved in warm water, crystals of phloramine arc obtained.— The broivn 
solution of phloroglnoin in 6 pts. warm aqueous ammonia, depo.'.its, after standing for 
some time, crystals whi^ must he purified by recrystalliaatiou ftom warm water, and 
dried us quickly as possible in vacuo over oil of -vitriol, 

Phloramine forms thin, delicato, micaceous larainss, which separate from the filter 
m the &rm of a film having a sil^ lustre. It has a shghtly astringent taste, and is 

S .nent in diy air. It is sparingly soluble in cold water, easily soluble in alcohol, 
ble jn ether, 

Decompositions. — 1. Phloramine heated over the water-bath acquires a lemon-yellow 
a-nd ultimately a dirty brown colour, losing weight at the same time and becoming in- 
soluble in water.— 2 Phloramme either moist or dissolved in water turns brown when 
exposed to the air. — 3. Fuming nitno acid acts violently on phloramine, producing a 
yello-wibh-red solutionfrom which darkbrown ciystals separate, probably a nitro-compound 
The same crystals are produced -when nitrate of phloramine is kept in the moist state — 
4. When phloramine is heated over the water-bath -with oil o/ vttnol, a oouj-ugated 
sulphurie acid is formed, whoso banum-salt crystallises in needles. This barium-salt, 
and the solution obtained by heating phloramme -with oE of vitriol, diluting, neutral- 
ising with carbonate of barium, boiling and filtering, acquires a fine -violet colour on 
addition of feme chloride, even if the liquid is very dilute. By chlorate of potas- 
sium and hydroefdorio acid, phloramine is converted into a dark brown resin which 
gradually becomes lighter in colour, and when distilled, gives off a small quantity of 
oil having an intensely strong odour (perhaps chlorinated acetone) and leaves a resin. 
Bo chloi-anil is formed in this reaction — 6 When ammoniacal phlorogluom is exposed 
to the air, the phloramine formed in the fivat instance disappears, and the hqnid dries 
up to a black sliiniiig brittle mass, which dissolves in aqueous ammonia and is thrown 
down by acids as a black-brown precipitate.— 7. By aqueous alkalis, phloramine is 
coloured diu-k and decomposed — 8 The solution does not colour feme chlonde or form 
a pecipitate -with neutral acetate of lead or nitrate of silver , neither does it reduce 
silver from its solution when heated therewitL 
Phloramine mutes with acids, forming Bolts which orystalliae well, and are all soluble 
in alcohol 

Acetate (f Phloramine — The solution of phloramme in glnciid acetic acid dries up to 
a yellow varnish witiiont forming crystals When water is poured upon it, there re- 
mains a yellow powder which when heated partly melts to a resin and partly dissolves. 

Mgdrochlorate, C'H’BO'.HCL — ^Phloramine on which strong hydroelilorio acid is 
poured crumbles to a sandy powder which dissolves -«>heii heated, and separates on 
cooling in yellow shining laminm, perhaps consisling of the anhydrous salt. After 
solution in water, -white needles and laminse are slowly obtained, which turn yellow at 
100° and give off 10-16 per cent, water (1 at « 10-02 per cent ). • 

A’lteate.— Phloramine dissolves rapidly in warm moderately concentrated nitric acid, 
file solution yielding the salt in shining bronze-eolonred lamiiim and needles 
The oxalate is ii crystalline salt 

Sulphale, 2C“H'NO*.H*SO‘.— A Bolutionof phloramme in dilute sulphuric aeid yields 
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by sponbiUPOHS eraporation, long yoUowieh brittle needles, lybicb, when beatcd over 
the water-batli, acquire a bright yellow colour and give off 9 38 par cent, water 
(2 at. =. 9'37 per cent.). 

TP y w 

PBIiORBTanuo ACID. G“H;"N0’ = (G»H''0 )"(.q (Hlasiwetz, Ann. 

Gb Pbarm oii. 162.) — An acid produced by the prolonged action of strong ammonia 
on ethyl-pbloretie acid (p. 191) : 

(C«ffO)''|o’ + HH" = (C»ffO)''|N + 

After being freed from ammonia and alcohol by evaporation, it orystaUises from hot 
water in slender shining prisms Itdiasolvea in alcohol and other, melts between 110° 
and 111°, and subbmes partially with loss of ammonia. Its aqueous solution is coloured 
blue by ferric eliloride. It appears to unite with alkalis, but does not docomposo 
carbonates, and is altogether but a very feeble acid 
PHliOKETZO AGED. |o>. (Hlasiwetz, Wien. akad. 

Ber. xvii 382; xxiv. 237; Om. xiu. 308.)— An acid produced, together with phloro- 
glucm, by the action of caustic potash on phloretm : 

0'»H»0 + H»0‘ =. C»H">0» + C»E»0». 

Phlorolln. Phlorctlo acid. Fhloroglucln. 

It is prepared by diesojving 30 grm of phloretm in about 200 o. c. of potash-ley of 
speoiflo gravity 1-2S, and evaporating with ebuUition till the mass has become thick. 
The product is then dissolved m boiUiig water, oarbonio acid gas passed through the 
Bolutiou, the liquid evaporated to dryness, and the residue treated with boilmg alcohol, 
which dissolves the phloretato of potassium and leaves the greater part of the phloro- 
gliicin undissolved Ether is then added to the solution, which precipitates the 
phloratate of potassium as an oily liquid , the ether is decanted ; water is added ; and 
the hquid, after eoncentr.ition, is mixed with hydrochloric acid, which precipitates the 
phloretio acid ' it may be purified by repeated crystalhsation from alcohol and from 

■phloretio acid forms long brittle prisms, having a sour and slightly sstringont taste 
From alcohol, and especndly from ether, it is deposited in very largo prisma The 
crystals are monoolmie. exhibiting the combination oP. ooPco. —Poo. + |PcD.rPoo]. 
+ P, &c Angle -P» ooPco = 138° 51', + |Pa> ; ooP« - 143° 19'; [Poo]; 
oP =■ 114° 16'. It melts between 128° and 130°, and solidifies in a crystalline mass 
on cooling. It is somewhat less soluble in wa(ir than m alcohol, the solution may bo 
boiled continuously without decomposition. When mixed with ammoma and agitated 
in the air, it assumes a reddish colour. With solution of calcic hypochlorite it a>-sumes 
a transient brown colour, with feme chloride ii green eoloiu'. The solution super- 
saturated with ammonia reduces mtrate of silver on application of heat. 

Veeompusitions. — 1. Phloretm acid when strongly heated gives off suffocating odours, 
biu'ns, and leaves very little charcoal. — 2 With bromine it forms dibromophlo- 
re ti c acid, — 3 Pulvensedpliloretic acid plaeOdinaflaskfilledwithcA/orim’.molts, with 
disengagement of Heat, the colour of the cnlorine disappearing, and hydrochloric acid 
appearing in its place The product dissolves in alcohol and in ether, but not ip 
water; the solution wlieu evaporated leaves a soft, sticky mass, which forms with soda 
a compound solidifying after some time to a deliquescent crystaUine muss. — 4. With 
hydrochlona aoid and ehloi ate of potassium it assumes at first a reddish-hrown coloim, 
gives off abundance of gas when heated, again becomes yellow, and partially cliaiiges 
into yellow flakes. — 6 Triturated with pentachloi ide of phosphorus, phloretio acid 
becomes warm and liquid, and gives off much hydroeUlorio acid gas with cffenescenco. 
On disUllation, oxychloride of phosphorus passes over at 100°, and a fuming bquid 
remains, which decomposes with water, into phloretic add, hydrochloiic aoid, and 
phosphoric acid ; and at a higher temperatuvo becomes brown, froths up, and gives 
off a small quantity of oxychloride of phosphorus, leaving charcoal ns a residue.— 6 By 
eitposure to the vapour ot sulphurio anhydride, it is converted into sulpho-phlorctic 
acid, CH'^O^SO* (Nachbaur, Wien. akad. Ber. xxx 122)— 7. When concentrated 
mtrio acid is poured on phloretic acid, it dissolves, forming a red solution, with disen- 
gagement^if heat; intumescence, and liberation of red vapours ; the solution on cooling 
becomes filled with yellow crj’stals of dinitrqphloretie acid If the temperature 
be not kept down, oxabc acid is also formed. Powdered phloretic acid gradually added 
to cold concentrated nitric aoid, is dissolved without formation of red vapours, and after 
some time diiiitrophloretie acid crystallises out. If nitric acid be added to warm 
aqueous phloretic acid, effervescence bikes place, mtiic peroxide is disengaged, the 
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licjuid becoraoa coloured, and brown resinous dr ‘ ‘ - 

with addition of a Ettlo uitide acid, disappear, -• 

after a little time. — 8. Miloretate of banum \ • , ^ 

glass, and heated, yields p blor otol as a brown oily distillute. 

+ Ba"0 =. C»H*»0 + Ba'CO*. 

The snmo compound is obtained by distilbng phlorotato of ealeinm with formate of 
c^cium— 9. 'With chlm^ of acet/l (or chloride of bnlyryl or chloride of benzoyl) it 
gives off hydrochloric acid, and forms peculiar acids (Hlasiwetz) The product 
formed with chloride of acetyl is acetylphlorotic acid, C’H'(0“H“0)0’ (v. Gilm, 
Ann. Ch Pharni, cxii. 180). — 10 Phloretateof potassium or phloretate of silver heated 
with iodide of ethyl or iodide of mtiyl, yields ethyl-phloratic acid, C°H“(C-H*)0®, 
or amyl-phloretic acid, C“H»(C«H>>)0». (Hlasiwetz,) 

11 Phloretio acid heated with phlorogluciti yields, not phloretin but metaphlo.* 
retin. (Hlasiwetz, p. 492). 

PHinEi5TA.TES, Phloretic acid is dibasic, forming neutral salts, C"H®]Vt’0' or 
C''H“K"0“, and acid salts, C'H'MO* or G'“H“M;"0“ = C”H«M”0*.C»H'“0=, according 
to the atomicity of the metal. _ It decomposes carbonates, mostly forming acid suits. 
The pliloretates are all crystiillisable The acid 6.ilts have a neutral, the neutral s.ilta 
an alkaline reaction. 'When heated tliey omit an odour like that of phenol. 

Phloretates of Barium. The neutral salt, C®H*]3a"0’, is formed by precipitating 
a boiling solution of tlio acid salt with very strong baryta-water. It oiystiiUiaes from 
boiling water in needles eont, lining 5 at. water, four of which are given off at 100'=. 
The acid salt, C'*H*‘Ba"0“, obtained by saturating a warm aqueous solution of tiic 
acid with carbonate of b.irram, crystallises m long flot transparent prisms, which be- 
come dull at 100®. 


Phloretates of Calcium. The neutral salt js precipitated on adding a solution 
of lime in sumir-wator to a concentrated solution of hme in phloretic acid till the liqiiiii 
becomes alkaline. It erystnllises, by evaporation in vacud, in white lumiuse havuig an 
alkaline reaction. It is decomposed by earbomc acid. 

PhUretates of Copper. The aeid salt, C'*H'"Cu"0“.2H-0, obtained by de- 
composing a solution of the sulphate with phloretate of barium, forms emerald-grenii 
crystals which give off their water at 100®, dissolvo spuriugly m water and alcohol, but 
readdy in other, with emerald-green colour The neuttal salt, C?H“Cu"0’, separates 
out when an ethereal solution of the acid salt is continuously warmed or boiled, in boau- 
hM shining bluish-green spangles containing 1 at. water, half of which is given off at 
100®, leaving a hydrate containing 2C’H“Cu"0’ H O. 

Phloretates of Lead. The neutral salt, 2C”H*Pb"O».H»0, is obtained as aheavy 
bulky precipitate on saturating the acid with carbonate of le.id, and mixing the hot fil- 
trate with basic acetate of lead. It retains its water iit 100®. A basto salt hanug 
nearly the composition 2C»n>Pb"0> Pb"0 2H'0, is precipitated on adding basic acetate 
ot load to a cold solution of phloretic acid saturated with carbonate of lead. 

Phloretate of Magnesium separates from a solution ofmagnesic carbonate in 
aqueous phloretic acid, in colourless crystalline geodes resenibhiig wavellite. 

Phloretatesof Meroury, Phloretic acid forms with mercurous nitrate a crystalline 
precipitate consisting of needles , with neutral mtrourio nitrate a crystalline precipitate 
formed of transpaient plates. 


Phloretate of Potassium, C°n”KO“, is obtained by mixing the aqueous acid 
with canstio potash, s.itnraliDg the liquid with carbonic ucirl ovi, - 

the dry muss with strong .ileobol, and punfyiiig by presauro 
spontaneous evaporation of the alcoholic solution, it is obtmn 
laminiD or m rather laige prisms It lias a warm saline taste, 

gives off all Its water at 100° Its tdkulino solution turns brown on exposure to the air 
.Phloretate of Silver, C'H"AgO“, is obtained by precipitating the sodium-salt 
wth nitrate of silver The liquid solidifies to a crystallmc magma, which must be 
filtered in the dark, wasliod with cold water, and then dried, firat between paper and 
^nrw^s nt 100°. It forms dazzling white needles, which when moist blacken readily 
in the light; dissolves easily ui ammonia and in acetic acid. 


P hloretate of Sodium, C'H'NaO*, ptepored like the potossium-salt, crystallises 
trom a highly concentrated solution, which soon turns reddish in contact witb-the air m 
radiatimr effioreseent nriKink, ’ 


Phloretate o/ Zinc.— Tho«c«i!rnZsa?f appears to be formed 
tate when phloretic acid is boiled with excess of carbonate of zii 
solved, while the acid sidt piasscs into solution. 


iin insoluble precipi- 
and remains undiis- 
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Tho and salt, 0'"H'“Zn"0®, eryatallises immediately fioto a solution filtered iit the 
boilini; heiit, in flat iirisms and laminae of a TelToty lustre, and lesembhng cbolestorin ; 
permanent in the air; very sparingly soluble. 

Phloretate of Urea, CffN’0.2C”H'"0'', is obtained by mixing a solution of 8 pts. 
of urea and 1 pt of pliloretio aeid, in broad, lustrous laminse, or feathery striated 
crystals. 

Denvativrs of Phloretic amd. 

Dibromophloretlo acid. C*H*Br^O“. (Hlasiwetz, Ann Ch. Pharm. cii. 145.) 
— Obtained, by adding bromine to pulverised phloretic acid us long os hydrobromio 
aeid continues to escape, as .i slightly coloured powder, which crystallises from alcohol 
in hard colaurleas prismatic rauns, and m.iy be completely purified by washing with 
water, and preeipilution with hydrocliloric acid from its solution in ammonia. It melts 
in an atmoapliere of elilonue giis, becoming hot, giving off hydrochloric acid, and form- 
ing an uncrystnllisable prortuut insoluble in water, soluble m alcohol and ether. 

The ammoniim-salt, is sparingly soluble m cold water, and easily 

decomposihle. The hanum-salt, C"‘H'iBa’T3r*0“ J^at 120°), precipitated from the iim- 
monium-salt by ohloiide of banum, forms prisiiiatic crystals. 

Dinltropliloretlc acid. 0“H*N’0’ = C!"H?(N0’)’0*. (Hlasiwetz, ioo.rif ) 
— This compound, produced by the action of nitric acid on phloretic acid, exhibits two 
different mochfleations according to the m.viiucr in which the action takes place 
The first modiflcution (o) is formed when phloretic acid is dissolved m nitric acid 
shghtly concentrated and kept cool. Yellow grains then form in the red solution, and 
on roorystallising these from water and nloohoT, the acid is obtained in shining lemon- 
yellow prisms, easily soluble in alcohol with yeUowisli-red coloim, fusible, not detonating, 
having a slightly bitter taste, and colouring liko picric acid. 

The detonating salts of this acid are obtained by saturating its aqueous solution with 
the respective carbonates, or by precipitation from concentrated solutions of the am- 
monium-salt The y>et«s6tKin-aa/t, 2C"H®K-(NO-)‘0“.H*O (at 120°), crystallises from 
dilute alcohoUn deep oiange-ooiouved prisms The Mn'Kia-eaW, 2C"H“Ba"lN0'‘)’0* H*0, 
forms orange-coloured needles, the calcium- salt yellow needles. The lead-salt is a 
deep red, ‘the silver-salt a red, tlui coppn-sa/t a yellow precipitate. The ammonium- 
salt forms with miicitiic rhhr.do a yellow precipitato amorphous at first, becoming 
crystalline afterwards , witli sianrmit, chloride u yelloinsb, and witli/cmc oAfoi'idu a 
light brown pieoipitiito. 

The second moiUfleation O) of the aeid is produced by dropping nitric aeid into tv 
warm aqueous solution ot phloretic .icid The cryst.ils which separate, form when re- 
orystallised from alcohol, dark yellow shining Inininte .nid scales. 

The compounds of this acid with the nlkalino earths can be obtained only by satur- 
ating the acid with the corresponding hydrates or carbonates, whereas those of the a 
modification are obtained in the crystallmo state by precipitation from the amiiiouiuni- 
salt. 

The fi-ammomum-salt, 2C”H“(NH‘)°(N0^)'0’H°0, effloresces in dark yellow needles; 
the banum-salt, 2C'’H“Ba'\N0‘)-O".H''0, separates m nodular groups ot orange-yellow 
crystals. 

PBIiOBETIC ESTHERS. These are compounds produced by the siibstitiitioii of 
1 at. of an organic radicle for 1 at. hydrogen in phloretic acid. 

Aoetlo Piuoretate or Aoetyl-pWoretlo acid. CBP-'O* - C”H"(G'‘H;‘0)0'’. 
(H. V Q-ilra, Ann Ch Phnrm cxu. 180 ) — ^Produced by the action of chloride of 
acetyl on phloretic acid When erystiillised from dilute alcohol, it forms thin colourless 
interlaced prisms having a vitreous lustre and an acid reaction. It is insoluble in cold 
water, soluble in alcohol and other ; melts below the hoiluig point of water, and partly 
sublimes, decomposes carbonates; is not coloured by feme chloride. 

Nitro-aoetylphloretic acid, C”H\C®fl?0)(NO^)0‘, is obtained by dissolving acetyl- 
phlorotio aoid in mtne acid of ordinary strengtli, and immediately mixing tlio product 
■with water. It eiystallises from alcohol m golden-yellow shining lammai. 

Bthylio PUloretate or Etbyl-pUloretlo aoid. = C»II«(,C'II‘)0’. 

(Hlasiwotz, Ann. Ch. Pharni cii. 161.) — This compoimd is e.isily prepared by heat- 
ing phloretate of potassium or sili er with othylic iodide to 100° in a sealed tube. It 
is colourless and viscid; has a faint odour and imtatmg taste ; boils above 266°, is 
not inflammable ; dissolves in alcohol and ether, but is insoluble m water. It has the 
same index of refraction as salicylic ether for a particular ray in the orange, but its 
dispersive power is much less than that of salicylic ether. 

Mhyho Ihmtrophloretate, G"H’(G‘H")(NO‘)'‘0’, le obtained by treating etliylic phlo- 
retate with nitric acid, as a golden-yellow oil which solidifies in the crystallmo form 
after a while, and ci'jstalli&os from alcohol in light yoUow crystals. 
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Amylio Phloretate or Amyl-pblorotio acid, C^H^O’ ■=■ C”H"(C“H")0’, 
prepared like the othyl-eompound, la colonrlosa, very riaeid, haa a slightly raucid odoui’, 
a sharp taato and hoils above 290°. 'With mtric acid it yields a oryatalliue nitro- 
compound. (Hlasiwotz, ioo. «i!.) 


PHlhOnXiTIH'. C*“H“0'. (Stas, Ann. Ch. Plmrm. XXX 200. — G. Eoser, t&(?. 
btxxiv. 178 — Hlasiwetz, ibid. xevi. 118. — Gm. xvi. 8.) — A substance produced by 
the action of dilute acids on phlorizin (p. 493) To prepare it, phlorizin is dissolved in 
a cold dilute aeid, and the liquid subsequently heated to 90° ; it is then deposited 
in the erystallme state. 

Phloretin ciystalhses in small white laminte, having a saccharine taste, nearly in- 
soluble in cold water, very sparingly soluble in boiling water, and in anhydrous ether, 
soluble in all proportions in boding alcohol, wood-spmt, and acetio acid, whence it is 
deposited m stining grains. (Analysis 64‘5— OS 4 C niid 5'2— 5 4 H; calo, G5’7 0, 6 1 
H, and 29 2 0.) 

Phloretin melts at 180°, and decomposes at a higher temperature. Strong adds, for 
the most part, dissolve it without alteration. Nitnc acid, however, converts it into 
nitro-phloretin. Ohromic acio! resolves it into formic acid and carbonic anhydride 
(Stas) When pulverised phloretin is treated with bromine under other, a mixture of 
tri- and tetra-bromophlorctm is produced; but when phloretin is heated with excess of 
bromine, a number of bo"" ■ ‘ ' ' ’’es are foiuucd, which appear to he 

substitution-products of • . i i ud Hesse, Ann. Ch, Puarm. cxix 

103). It is dissolved wit . . • the solutions have a very decided 

saccharine taste, and in contact with the air, absorb oxygen and form an orniige- 
eoloured body. But by boiling and evaporating with strong poiash-lcy, phloretin is 
resolved into phloretic aeid and phloroglucin (pp. 491, 496). 

Phloretin rapidly absorbs 13 or 14 per cent ammoma-gas, without losing water. It 
dissolves in strong aqueous ammonia, but separates, ofter a fow seconds, in shining 
yellow lamina, wliioh give off ammonia when exposed to the air, or when heated. The 
solution of the ammoniacal compound precipitates the salts of manganese, iron, zinc, 
copper, lead, silver, &c. The lead-compound, obtained by adding bosao acetate of lead 
to an excess of phloretin-ammoniu, and drying the precipitate at 140° in a current of 
air, contains 20“H‘*0*.6Pb"0. (Stas.) * 

TeiiraJj-omoyiAforcfsB, C“H'“Br*0‘. — When flnely-pnlveriscdphloretin is covered 
with ether, and bromine added to the mixture cooled horn without, the bromine is 
absorbed, with evolution of heat, and a mixture of tn- and totra-bromopbloretin is formed, 
winch, after removal of the ether and the resulting hydrobromie acid, may be completely 
converted mto tetra-bromopbloretm by renewed treatment with bromine at a gentle h eat. 
The jiroduct is boded with water; the residue is dissolved in boding alcohol; the 
solution precipitated with water, and the pale yellow crystaUine preemitate is purified 
by boilingwith weak alcohol andrecrystallisation from boiliug alcohol. Phlorizin, treated 
with bromine under ether, likewise yields totrahromophloretin, a mixture of mono- and 
poW-bromophloro-glucin being formed at the same time. 

Tetrabromophlorctin crystillises m small pale yellow needles, which do not lose 
weight at 100° ; it is decolorised by animal cbarco.il, but soon turns yellow agam. It 
is iusoluble m boiling water, siiariiigly soluble in boding alcohol, easily soluble in ether. 
It melts between 206° and 210°, acquiring a dark rod colour, and decomposing with 
effervescence It dissolves with yellow colour in aqueous ammonia and boifa, the 
ammoniacal solution turning blown after a whde. In boiliug frinc-ioafcr it turns violet, 
and forms an amorphous violet substance 

Nttraphlorctin, C'‘H'’(HO“)0‘ (?), called also pWorriibaeid (by St as), aniniiro- 
pbtorctic acid, is produced by the action of strong nitric acid upon phloretm. It is 
brown, amorphous, insoluble in water and in dduto acids, soluble in alcohol, wood- 
spirit, and alkalis. It decomposes at 160°, giving off nitric oxide." Sulphuric acid 
dissolves it with blood-red colour 


Metapbloretln. C”H“0” 


(G“H»0)" ■) 

(C^HW)^^* (?) (Hlasiwotz, i 


Pharm. exix. 199.) — This comjiound (not named by EUasiwetz, but called a-pblorotin 
in Gmehn's Handbooh, xvi, 10) is produead by heating plilorctio acid with phloroglucin. 
The mixture, heated to 160° in an aar-bath, melts togethar, and gives up water. If kept 
for SIX hours between 100° and 180°, it deposits a granular mass, and nftimately 
becomes quite solid. The brown mass, when boded with water, dissolves slowly, and 
the solution, even before it is quite cold, deposits crystalline scales, which may ha 
purified by wasluiig with warm water, and recrystalhsatiou from boiling water with 
help of animal cliareoid. 

The compoimd forms nearly colourlesa microacopie lomiuEe, ha ving a rough taste, 
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'With swoDtiah aftor-tasto. It is neutral ; unalterable at 160° ; colours aqueous /otio 
rWofnh riolot. 

■BUtiOTmxoJM. CH^O. — (Hlasiwotz, Ann..Oh. Phann. cu. 166 )— This com- 
liouiul, metamunc with ethylie phonate or phenetol (p. 391), is produced by distilling a 
uii.vturfl of pWoretato of barium, caustic lime, and a littlo powdered glass, in small 
portions over an open fire. The brown oily distillate is dehydiatod by decantation and 
drying over oil of vitriol, and then rectified 

Phlorefol is a colourless, strongly refracting oil, which becomes thioier at 18° ,and 
bods at 190° — 200° Specific gravity 1 037i at 12°. Taponr-dansity, obs. =■ 4'22 ; 
cull' = 4 23. It baa an aromatic odour, suggestive of phenol, and a burning taste. 
Placed on the skin it causes a burn. It coagulates albumin almost as rapidly as phenol. 
A splinter of pine-wood dipped in aqueous phloretol, and then soaked with hydrochlDrio 
acid, assumes, whou dried in the sun, a colour similar to that of one soaked m phenol. 
It 13 only slightly soluble in water, hut miies in all proportions with alcohol and 
ctlter. 

Decompositions. — 1. In vessels containmg air, it becomes yellowish, and then smells 
of styrol — 2. 'When soaked up into a wick it may ho inflamed, and then himns with 
a bright, fuhginous flame. — 3. Dissolves in oil of vitriol ; the solution, after standing 
sumo time, is no longer precipatatcd by water, hut then contains a conjugated sulphuno 
acid which forma with baryta a soluble, easily crystallis.Tblo s.dt — 4, When 
hromino is poured on it, hvdrobromic acid is liberated, and after the excess of bromine 
IS eipellcd, a white orystalline substitution-product is left, which is soluble in alcohol, 
hut not in water. — 6. With ohlorme it forms a substitution-product. —7. When di'opped 
into strong mlrtc aotd it hisses like a red-hot metal, and forms triuitrophloretol, 
C®H’(NOyO, with violent action and diaengngoment of nitric peroxide. 

paiiORET-sx. CH'O.— The hypothetical diatomic radicle of phloretio acid and 
its derivatives. 

Chloride of phloretyl, (C''H'0)"CP, appears to he formed by the action of penta- 
ohloride of phosphorus on phloretio aeid, according to the equation, 

= 3C'H»OCP -e 2POC1* + 3HC1 PH'0< 

On distilling the product, oxychloride of phosphorus passes over at 110°, and the 
residue can no longer be heated without decomposition. When treated with water 
however, it yields phloretic, phosphoric, and hydroohlonc acids. (Hlasiwetz ) 

PHKOKXZEIlir. (Stas, Ann. Oh. Pharm. nx. 206.)— Produced by 

the simultaneous action of air and ammonia on phlorizin : 

C!iH«oio + 2NH» -e 0> - 

It is precipitated on adding an acid tp the product of the reaction. To obtain it pure, 
Stas (Ann Cb. Phys Ixix. 367) precipitates the crude product of the above reaction 
with alcohol , dissolves the preci|iitate in the smallest possible quantity of water , and 
adds alcohol acidulated with acetic acid to the solution drop by drop. The precipitate 
IS then washed with alcohol of continually increased strength 

Phlorizein is a reddish-brown, uncrystalhsablo solid, differing in aspect according to 
the state in winch it is examined Its taste is slightly bitter. It dissolves easily in 
boiling water, but is nearly insoluble in alcohol, ether, and wood-spirit. It yields by 
analysis 48'1— 48'5 C, 6 6—8 4 H and 6'0— 6 4 H: (eale 48-6 0, 6*8 H, 6 4 N, and 
40 2 0) _ 

Phlonzem is decomposed by heat. Pixed alkalis gradually alter its colour, trans- 
forming it into a brownish substance 

PMorizcate of ammomumw difficult to obtain pure. The heat mode of preparation is 
to place pblorizm under a bell-jivr above a solution of carbonate of ammonia, into which 
fragments of caustic potash are thrown from time to tuna. If care he tnlcon to avoid 
an excess of ammonia, a bine crystallisablo substance very soluble in water is some- 
times obtained j but more frequently the product is brown-red. 

The compound is decolorised by sulphydnc acid, sulphide of ammonium, and stannate 
of potassium, but the decolorised solution gradually resumes its blue tint on exposure 
to the air. The solution of phlorizeate of ammonium is likewise decolorised by hydrate 
of ulnmmium, the alumina acquiring a blue colour 

Tlio^Olution pieoipitates salts of iron, zinc, lead, and silver. The silver-preoipitate 
is blue, and is decomposed by water. 

PHEORIZinr. ^0'" — PMorrUum, Fhlortdzm (from ihAoiSi, bark, and ^(fa, 

root). [Stas andDe Koninck (1835), Ann Ch Pharm. xv 75.— Stas, Ann. Ch. 
Phys. [2] box S67 — ^Mulder, Eev Sclent in. 60 — Koser, Ann. Gh.Phurm. Ixxxiv. 
178. — Streeker, liid.lxmv. 184. — dm, xvi. 11.] — ^A substance existiugreadyformed in 
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the root-bark of the ap'ple, pear, plum, and cliony-trec. It is extracted by weak alcohol, 
and the alcoholic solution, docolorised by animal charcoal, and concentrated, deposits 
crystals of phlorizin on cooling. The root-bark of die applc-troe is the best source 
of phlorizin, because it contains Idhs colouring matter than that of the other toes. 

Phlorizin crystallises in long silky needles or tufts. It has a slightly bitter taste, is 
sparingly soluble in cold water, but dissolves in aU proportions in boiling water. 
Alcohol and wood-spini disaohe it readily, but it is quite insoluble in ether. 

The crystals of phlorizin contain 2 at. water, (P'H.®'0'“.2H’0 (analysis, 62’8— 63'9 0 
and 6'0— 62 H ; calc. 63-4 C, 6-0 H, and 40 7 0). At 100° they gn e off their water 
(7'B percent.) and leave iinhydrons phlorizin, C^EP'O™ (anal. 67 4 0 and 6 7 H; 
calc. 67 a C and 6'0 H), which molts at 109° and decomposes at 200° yielding a red 
Buhatauco culled rnfin and other products. 

Strong sulphuric acid at 60° or 70° converts it into a rod substance called rufi- or 
rutilo-snlphnric acid (Muldor.) 

By prolonged contact with dilute sulphuric, phosphoric, or hldroehlorie and it is 
resolved into glucose and phloretiu. The same change is induced by uxalie aotd 
at 90° : 

+ H*0 = C'HWO'- + 0’*H»0‘. 

yiilorizin GIucom riilumtlu. 

100 pts. of phlorizin thus treated ^eld from 41 to 42 pts. glucose (calc 41'3 pts ). 

Strong nitric acid comerts it into oxalic acid and nitrophloretiu, 
OiiH'’'(BO’)0»(?) 

Strong hydrochlono aci'if conveits phlorizin into a dirty red, amorphous suhstanco 
without dissolving It. (DcKoninck.) 

■When phlorizin is triturated with of its weight of iodine, a greyish-violet mass is 
formed, from which water separates black flocks (Vogel, NT. Br. Arch, xvi, 166) — 
■When phlorizin is covered with ether and hromne is dropped into the liquid, as long 
as it is dtoolurisfd thereby, the phlorizin dissolres completely , and on ovaporating the 
solution, boiling the rcsidne with dilute sulphuric acid (to decomposo phlorizin), and 
reoryst.vllising, tolrabroinophlorotin (p 492) is obtained (Schmidt and Hesse, 
Ann. Ch Pharm. cxix. 106) — Chlorine, bromine and ivdins evolve heat from dry 
phlorizin, and convert it into a brown viscid resm (De Koninek). Phlorizin treated 
with cliloi ids of wdinc yields only amorphous products (Steahonse, Ann. Ch Pharm. 
cxixiv 218) 

Alkalis dissolve phlorizin without alteration, and the solutions are permanent in the 
air, Boihng potash produces a black substance. 

Phlorizin absorbs 11 or 12 per cent, of dry ammonia-gas, and the product exposed to 
the air gradually assumes an orange then a red tint, ultimately bcooming dark blue, 
and then consists of phlorizeato of ammonium (p 493). 

Fhlorinate cfSarium is obtained by mixing tlie solutions of phlorizin andhaiyta in 
wood-spirit A precipitate is then formed which loses its alkaline reaction on exposure 
to the air, and becomes brownish-red, yielding carbonic anhydride, acetic acid, and a 
peculiar colouring matter. It appears to contain C’'II“0“.Ba"0.(anal. 40’3 0, 4 1 H, 
and 29’8— SO'2 B.iC; calc. 42-8 0, 4-1 H, and 26 8 BaO). 

PUorizate of Calaum appears to contani 2C“'II-'0"‘.3Ca"H-'0* (anal, 15 2—14 per 
cent lime, eale. 16 3.) It is obtained by evaporating a solution of phlorizin or 
lime-water By exposure to the air, it is decomposed like the barium-compound 

Pkloriaate of Lead appears to contain G''’H-'O'“.3Pb"0 (an.il. 24 9 0, 2 X H, and 
69 2 — 00 0 PbO , calc. 22-7 0, 2 1 H and eO'6 PbO) It is piroduced as a white pre- 
cipitate on adding basio acetate of lead to a boihng eolutiou of phlorizin, tho latter 

PHlOHOOiroxw. C«H«0». (Hlasiwetz, Ann. Ch. Pharm. xcvi. 118, oxii. 
SO, exix 199.— Gm.xv. 66.) 

i'omatum. — 1. Phloretm boiled with potash-ley is resolved into phlorctic acid and 
phloroglucin —2 Q,uercotin, under tho same circumstances, is resolved into qnercetio 
acid and phloroglucin. According to Hlasiwetz ; 

C»II«0>» r ffO ~ G''H«0« + C"H«0'! 

Quercetin. Qaorcetlc Phlurogiucln. 

according to Zwsngor and Dronke (Ann. Ch. Pharm exxui. 164). , 

3C'>H'"0" + H*0 = C-'H'<0'» + SCH^O’. 

Quetcotta. Querceiio Phloro- 

ncld. gluciu. 

3. Quercetiu in alkaline solution treated with Fodnim-wnalgnm is also converted 
into phlorogluciu, together with a colourless iirodnct diflhrcnt from quorcetic acid 
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{Hlaaiwetz, Ann. Cb Pbarm. eixiv 368). — 4 MoTintMiiiicaridorinaclnvin(iii 1040), 
mixed ■with hydrate of potiiesium and evaporated to a pasty mass, is resolved into 
pMorogluoin and protocateohnie amd (Hlasiwetz and Pfaundlei) ; 

+ H»0 - C“H*0» + 0’H»0*. 

Morlntimnlo Phloro- Protocatn- 

acid. glucln. chute acid. 

Pri^aratmn — 1. The mixtnre of pUoroglncin and carbonate of jEtotassium obtained 
as desoribed in the preparation of pliloretio acid (p. 489) from -whioh all the phlore- 
tnto of potassium bus been extracted by alcohol, is dissolved in water; dilute salpUuno 
acid IS added in slight excess ; and the mass is evaporated to dryness over the water- 
buth, and tlien ivell boded with alcohol (better with cther-alcofiol). The alcohol is 
distilled otf and the residue left to crystallise, -wherehy strongly coloured crystals 
are obtained, the mother-liquor also yielding an additional quantity They are dis- 
solved in water, and tho solution is mixed With acetate of lead (which produces no 
precipitate), and saturated with sulphydrie acid, the precipitated sulphide of lead 
carrying down nearly the -whole of the colouring matter, so that the crystals which 
afterwards separato have only a yellowish tint By ro-crystalhsation from ether and 
)iftcrwai'ds from water, they may be obtained quite colomlcss 

2 Queroutiu is added to a bot concentrated solution of 3 pts. hydrate of potassium, 
tlie liquid evaporated do-wu at the bodbig heat, and the residue further heated, till o 
sample of it tidieu out no longer yields a floccnleut precipitate with hydrochloric acid, 
but quickly assumes a deep red colour when dissolved in w.iter. Tho whole is then 
immediately dissolved in water; the solution, which instimtly turns red, is neutrahsed 
with hydroohlono acid; and the -llocks (of alpha-quercetin and uiidecomposed quercetin) 
whieli are deposited from the liquid on standing and cooling, are separated by filtration. 
The filtrate is evaporated to dryness, tho residue exhausted -with ^eohol; the alcohol 
distilled off ftom the brown tincture , tho residue dissolved in water, and mixed with 
iicot.ite of load, whereby qiieicetate of load is precipitated, while phloroglucin remains 
in solution. The hitter is obtained in the crystalline state by removing the lead from 
the filtrate with sulphydrie acid and quickly ovaporuting, and Is purified by ro- 
crystallu,atiou, with hulp of animal ohaieoid. 

Properties. — Phloroglucin sBp,irato8 from aqueous solution m hydrated crystals 
C"H“0*.2H“0, belonging to tho trimetnc system , bp slow evaporation they may be ob- 
tained of the size of peas, and with irregular prismatic faces The crystals grate between 
the teeth, effloresce in warm air and in vacuo, or more qiuckly at 90°, giving off 22'26 
to 22 47 per cunt, water (2 at. = 22 2 per cent ), and le.iving anhydrous phloroglucin. 
The anhydrous compound also sep-irutes directly from solution in anhydrous ether. 
Plilorogluein is sweeter tlian common sugar, neutral to vegetable colours, permanent 
111 tho air at ordinary temperatures, melts at about 220°, sublimes without purtieular 
odour and solidifies on coining. It dissolves in water and akuhol, and readily va. ether. 
It is not altered by hi/droehhnc and, does not precipitate any metnlUe salt except 
licuio acetate of lead with whieh it forms the compound C‘H“0* 2^'©. It is coloured 
deep violot-red by feme ohhnide, and produces witb chlonde of hme, a reddish-yellow 
colour ■which however soon disappears. It forms a compound -with potash, which gra- 
dually separates in red-brown drops from the alcobolie extract of the product obtamed 
by boibng phlorethi with potash 

Bcoonipositiojis — Ammomaeal phloroglncm shaken up with sir, becomes red-brown 
and afterwards opaque. Phloroglucin in concentrated aqueous solution'is converted by 
drimiiKSintotribromo-phloroglucin, which immediately separates in the crystalline 
form, the hquid becoming hot, and omitting a highly tear-oiciting odour Nitric acid 
dissolves it with brown colour, and converts it into nitrophlorogluciu (p. 496). — 
Ammnia converts it into phloramine, C“H’ITO’ (p. 488). It reduces an a/hakna solu- 
tion of oupno oxide, hko grape-sugar. It reduces mercurous nitrate when heated with 
it, and likewise nitrate of stlvei, with pccuhar quickness on addition of ammonia. 
With chloride of acetyl, chloride ofhcncoyl, &c., it forms substitution-products, p. 490), 

Perivatives of Phhrogluein. 

Trlbromoptalorogluoin. C"H*Br’0’. (Hlasiwetz, Ann. Ch Pharm. xevi. 
118 ) — ^Produced by dropping ‘hromiiio into concentrated aqueous phloroglucin till the 
colour of^the bromine is no longer destroyed, and the hquid has sohchfied to a crystalline 
ptdp , tile product is then coUeeted on n filter, washed with cold water, and recrystal- 
lisod from boding water with help of animal charcoal. 

It crystulhses from water in long needles (mostly brownish), Irom alcohol in con- 
centrioaUy united prisms, containing C“IPBr’0* 3H’0, whieh give off their water in 
warm air, or at 100°, and are reduced to anhydrous ti’ihromopWorogliicin. Tho com- 
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pound disaolvea very sliglitly in cold, more freely iu boiling vsater^ biit appears to bo 
partly decomposed by eontimied boiling. It dissolves very TeadUy in alcobol, and with 
brown colour in aguoous alkalis and alkaliue oarbonataa. 

ivitropblorogluclii. C'ffNO' = C“H.*(N0“)0*. (Hlasiwotz and Pfaundler, 
Ann. Oh Pharm. exix. 190.)— When phloroglncin is added by small quantities to some- 
what dilute lutric acid moderately heated and kept at a uniform temperature, a deep 
red solution is formed, which deposits the mtro-compound in small nodules; by recrys- 
talliaation from hot water it may bo obtained in reddish-yellow shining scales and 
lamiute, having a aligUtly bitter taste. It is slightly soluble in water, formmg a yellow 
solution. 

Aootyl-pWorOBJnoln, CTO’C* ■>» C''B?(CJEP0)’0’ ? (Hlasiwetz and 
Pfaundler, Ann. Ch. Pharm. csbc. 201.) — Chloride of acetyl acts on phloroglncin even 
at mean temperatures, and at higher temperatnres converts it, with evolution of hydro- 
chlorio acid, into a white crystilmo mass of the acetyl-compound which, after the 
excess of ebloride of .icetyl has been expelled, may bo recrystaUised from alcohol. It 
forms small colouidess prisms which give off acetic acid when heated, and are insoluble 
in water. Its rational formula is dedneed from the analogy of benzoylphlorogluohi, 
analysis giving no means of determining whether 1, 2, or 3 at. acetyl have entered into 
the phlorogluoin in place of hydrogen, inaamitch as all three products would have the 
same por-eentags composition. (Hlasiwetz ) 

Benzoyl-pHIoroBlaoln. C'’H’“0‘ •= C'H*(C’H'‘0)‘0’. (Hlasiwetz and 
Pfaundler, loo. oft)— Produced by the action of cMovido of benzoyl on phloroglucm, 
and puriflod by boibng intU alcohol, iu which it is nearly insoluble. Crystallises iu 
snialJ, white, shining scales. 

FHXiORON'S. 0*11*0’. (Eommier and Bonilhon, Oompt rend Iv 214.)— 
This compound, homologous with quinone (C*H'‘Oi), is produced by distilling 2 pts. of 
coul-tai' creosote (the portion of crude carbolic acid boiling between 195° and 220°), 
and 3 pts. oil of vitriol in a capacious retort, adding chromate of potassium (or better, 
peroxide of manganese) from time to tune. AyeUow distillate is thus obtained mixed 
with yellow drops which quickly soUdify, and may be purifled by pressure between 
paper and reorystalbsation from water at 60°. Itformssplendidyellowflexibleneedlcs, 
Soluble in alcohol, only slightly soluble in cold water, and smelling like quinone. It 
melts at fl0° — 62°, and volatilises with vapour of water, part of it however being 
blackened and decomposed at the same time. 

The solution of phlorone, like that of quinone, is turned brown by alkabs, and then 
yields a brown floeculcnt prempitate with acids. Phlorone is decolorised and reduced 
by sit/pAitroiw acid, yieldmga very soluble crystalline body, probably homologous with 
hydroquinone; it does not act on polarised bght 

Metaphlorone. Thisis a less soluble isomeric modification of phlorone, whiob 
remains behind when pliloroneis dissolved m water at 60°, but crystallises in small needles 
from water at 90°. It melts at 126°, dissolves in hot water somewhat mote readily 
than iu cold, and behaves to acids and ulkabs bke phlorone, 

VKOOSirxc ACXS, Syn, with Dannanno Acm (ii. 809). 

PHocsnrix. or PHOCEWrw. Syn. with Dbusin (ii. 809). 

PBCCHriCZlff. Syn. with SnuHOPHCBSicio Aoro. See InniGO-strLPHuiao Aotos 
(lii. 261). 

SHffiwIolTE or PHatmicOcaROXTE. Syn. withMELONAounorTB (iii. 8 G 6 ). 

paoXiERXTS. A kind of cloy, not diflfonng much from Kaolin in composition, 
butoecuiringm soft, white nacreous scales. Specific gravity 2'36— 2 67. Infusible. 
Occurs at Pins in the dept, of Alber, and at Rive de Gier, dept, de la Loire, Prance, 
flUuig fissures iu nodules of iron ora m the cool formation ; also at Cache- Aprda, at 
lions in Belginm ; with emery at Naxos, and with diaspora at Schemmtz (X) a n a) ; in 
flssues of the bluish-grey sandstone of lodiro in Hdrault (Pisani) near Preiberg, &o. 
(R, Muller, Jahresb. 1861, p. 1003.) 

SHOWOEXTS. Syn. with CuNKSToira (i. 1026). 

RSORKZN'S or Fietdomorphm. See MonrlUNB (lii. 1061). 

RHOROMTE. Syn. with Camphobokb (i, 733). 

RBOSQElfE, Syn. witii OxYGnLontMi of Cabeok or CaioniDB of Camionvi. 
(i. 774). 

RHOSCEKTITE. Chlorocarbouate of Lead (iu. 339). 

RBOSPRACETXO ACIB. One of the acids which Zeiso obtained by the action 
of phospboros on acetone (i. 28), 
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I^HOSPBAK. (H Eosc, Pogg. Ann xsTiii. 529.— Gcrliardt, Ann. 

Oh. Phye. [3} xviii. 138. — Sohiff, Ch Pharm. cm. 188 ) — ^Tlus compound xs the 
nitrile of phosphoric acid, its relation to that acid being Bimilnr to that of acotonitidle 


+ Nff - 2H>0 = 

PESO' + 21jrH“ - 4H»0 = PEN*. 

Pho'pliorlo acid. Flia'pliam. 

Itisobtained : 1 . By paasing ammonia-gas overpentachlorido of phosphorus, and heating 
the product in a stream of carbonic anhydride (H. Bose) According to Bose the 
compound thus formed is a dinitride of phosphorus, PN’, but according to Gerhardt it 
has the composition abovo given, its formation taking place as shown by the eguatiou : 

PCI» + 2NH» = 6HC1 + PW. 

2 . By saturating phosphoric anhydride as compiletely as possible with ammoma-gus, 
and heating the product in a dry current of that gas (Schiff) • 

FO* + 4NE’ = 2PH1P + SE^O. 

On treating the product with cold water, phosphoric acid dissolves, and phospham 
remains 

Phospham, prepared by the first process, isahulky powder, white if moisture has been 
carefully excluded during its preparation, reddish in the contrary case; as obtained by 
the second process it w yeUoivish-rei When heated in a close vessel it neither fuses 
nor volatilises. Water decomposes it at a high temperature, forming ammonia and 
phosphoric acid, and it is decomposed m like manner by fusion with hydrate of 
potassium. 

PBOSVHAMIC ACZB. PH-NO* = (PO)"!^ —This compound is produced, 

according to Schiff (Ann. Ch, Pharm ciii. 168), by the action of ammonia-gas on 
phosphoric anhydride, according to the equation . 

psQ* + 2NH* = 2PH«NO’ + H*0, 

also by the action of water on ohloronitride of pbospborus • 

BPOl’ + 2H"0 =. PH*BO» + 2Ha 

Gladstone, however (Ohem. Soe, J. ivii. 229), h.ia shown that the product formed m 

) wj 

both these reactions is pyrophospliodiamic acid, P“N’H“0* ^ (P^O*)'* >^ 5 , according 
to the equations : 

P^O* + 2NH* =. FN’H“0*. 

2N»P>C1'’ + 15H“0 = SPWH'O* + 12H01. 


(See PTBonHOsrawno Acids.) 

C-’E* 

Phen^l-phapkamia acid, (PO)"' j-Q 


— Aniline acts strongly on phosphoric anhydride. 


apparently produemg this compound (Schiff) [or perhaps phenyl-pyrophosphodiamio 

PBOSPBAKIBES. These are compoimds formed from one or more molecules of 
ammonia, by the substitution of phospbatyl, PO, for 3 atoms of hydrogen. (Gerhardt, 
Ann. Oh Phys. [3] xviii, 188 -H Sohiff, Ann Oh Pharm ci. 300.) 

' 1. Phosphomondvnde, N(rO)"'. (Qerhnrdt’s Bipliosphamide ) — ^This compound, 
which contains the elements of inono-amraonic phosphate mmus Sat. water [PH-(NH'‘) 
Qi — 3H-0],ia obtained by heating phosphodumide or phosphotriamide without access 


N'E’PO - NH* •= NPO. 

Ph.is|)hoill- 


N«H»PO - 2NH» NPO. 

Phospho-trlatniclo. 

It is a pulverulent suhstaneo resemhUng phospho-triamide in its veaetious, hut still 
more difiioftlt to decompose. 

2, Phosphodiajmde, (Por 

jN*. (Gerhardt’s Pfies^/iamirfe.)— This amide uhich 
may be regarded as diammonic phosphate, PH(NH'‘)®0',»im!M 3 at water, is produced; 
1. By saturating pentachloiideof ijhosphorus with ammonia-gas, whereby the so-called 
VoL. IV. K K 



498 PHOSPtlAT^nDES-PHOSPHAUSONUJM. 

•ft 

chi 'rnphosphamide, iPH'PCl’, appears to be first formed,* end boiling this prodnat ivitli 

PCI* + tML" = N=H<PC1» + 
and NWFOP + H'O N=II»PO + 3HC1, 

Ttip prodnat is pntifietl by boiling, first -witb cnnstio potash, than with nitnfc or snl- 
pliunc and, and filially, by washing with water It is a white powder, insolabla m 
wat er, alaoliol, end oil of turpentine When heated witlurat access of air, it gives oif am- 
moniu, and loaves pihosphomonamide , hut if moisture be present, it yields ammonia 
niid nietaphosphonc acid, _ Pueod with hydiato of potassiam, it gives off ammonia and 
leaves phospbato of potassium. It resists the actiou of most oxidising agents ; but is 
slowly oxidised by foaion with nitre, and deflagrates with chlorate of potiissmm. 

Liebig and Wohler, who discovered this compound, supposed it to be a hydrate of 
phosphide of nitrogen, PN^H’D. 

3. 1‘AospAo(rtamtde,^^^] jlif’ ~ P(NH*)’0^ — 3H*0. — When dryammoniacal 
gas IS slowly passed into oxychloride of phosphorus (chloride of phosphatyl, POOP), 
and the product afterwards treated with water, a solution of sal-amnioniae is obtained, 
together with a snow-white, amorphous vnaoUiblo substauce, which is phosphotriamide; 

POOP + 6NH* - 3NEPC1 + NWPO. 


Tills compound is scarcely attacked hy contiiined boiling with water, potash-ley, or 
dilute acids. It is very slowly decomposed hy hoiUng with strong nitric or hydro- 
chloric acid, more re.idily by aqiia-regiiv Strong snlphutio or imro-sulphvu-io acid 
disanlves it easily at a gentle lioat, forming a solution which coutaius ammonia and 
phosphoric acid. It is not completely decomposed by heating with soda-Umo. When 
fused with hydrate of potassium, it gives off a large quantity of ammonia, and leaves 
phospliate of polimsium. Healed alone, out of contact of au', it also gives off ammonia 
and loaves phosphoinonamide, winch, on being heated witti potash, evolves more 
ammoam and leaves phosphate of potassium. 

(PO)“ 1 

TripA^f!jfl-pAospioiriamt4c,(C’Ep’^N’‘, is obtained by the action of anhydrous ani- 
line on oxychlorido of phosphorus ; it is a white mass, more easily deeomposihle than 
phosphotriamide. 

TnnapMhyl-phoapAolriamide, (C W)*|.N’, is obtained in like manner hy the action 
of naphthylamine, (C'“H’)H*N, on oxychloride of phosphorus. 

SttlphopAoaphoiriamide, is obtomed hy treating snlphoohloride of phos- 

phorus, PSCP.with ammoniaeal gas; it is also a white mass, which is decomposed by 
water, with evolution of sulphydric acid gas, 
tpsy", 

Tnplmsl-tiUphophospUtriamdc, (C“H»)HN«; is obtained in like manner, by the 

H’ J 

action of aniline on suliihoehloride of phosphorus. (Schiff, Ann. Ch. Pham, ci, 


PKOBPHAMMOwnjMS. Bases formed on tho mixed typo, | ; for ex- 

ample, ethylenc-trinwthyl-M iethyl-plmphanmumium, 

PHOsPBAMYXi-TRiB'rHYX.iinjx uud prosph:aiviyi;>viuikcz:tb:yxi- 

Itnw, (See PaospHOEns-BASEs.) 

PBOSPKB.Krii,ic ACIP, Syn with PitEKrt-imosPHArao Aom (p. 497). 
PBOSPHAWTmowic ACID._ Tins name is applied to the solution obtained 
by diuppuig pentachloride of antimony into aqueous phosphoric arid. It precipitates 
certain uikaloid^ morphine, narcotino, nicotine, &c. ^ ^ 


PHOSPHABSONItJMS. Bases formed on tho mixed type, , c.g^ctAyl- 

ene-hmthyl-phospharsomum, 
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PnOBPBA.VES. Soo PuosenonuB, Oxides and Oxtgen-aoidb op. 

PHOSPHATIC ACID. ll>/;pnphosphonc acid. FiUeticr's F/mjjhorous acid . — 
Tliese immoa are aiiplied to the sj'rupy mixture of phospliorie and phospliorona acids 
produced by the alow eomliustion of phosphorus in moist air, A conTcment way of 
pireparing it is to introduce a number of separate sticks of phosphorus into glass 
tubes an inch long, open above and below, but drawn ant fmmcl-shnpo at the bottom, 
tlioho tubes being arranged in a funnel, and the funnel inserted into a bottle wliieli 
stands in a dish contniBing water. The whole arraugoinont is covered witli a holl- 7 ar, 
but in such a maniior as to give access to tlio external air, winch however should not 
bo very warm, as in that case the phosphorus may molt and take fire. The acid which 
collects in tho bottle is equal to three times the weight of the phosphorna consumed, 
but may be obtained in a more eoncoiitrotod state by evaporation. It is a mixture of 
about 1 at. phosphoroua acid to .t at. phosphoric acid. 

PHOSPHEXRIC ACID. The name given by 2 else (Ann. Ch Pharm. xli. 31) 
to an acid which he obtained by tho action of finely divided phosphorus on ether. 


FHOSPH ETHXZkXrm. 


I See Phospuoeijs-bashs. 


FHOSPBIDES. Couipounds of phosphorus ivith more basic elements or com- 
pound-radicles. The phosphides of hydrogen have been oheady described (in. 199) ; 
also the general characters of the metalhc phosphides ihi. 941); for the speeial 
deacriiitions, see tho ssiaral metals. The phosphides of the alcohol-radicles, e.g, tn- 
ethyl-phosphine ((PH‘)T, wiU be described under PHospaoEOS-BASBS. 

FBOSFEIXZIS. See Phosphoeds, Oxygbn-aoids of. i 

FHOSPHO-BEITZAnilC ACID, An acid produced by the action of phos- 
phorio anhydride on oil of bergamot (i. 881). 

FROSPHOCERZXE. Native phosxihata of cerium. (See Pkosphatbs.) 

FROSPKOGKAIiCZTE. Native hydrated cupric phosphate. (See Pkosphatm.). 

PHOSPHOOXiTCEItiC AGIO- Syn. with OnTOEnopHospaoitio Acid (ii. 891). 

PHOSPBQ.B'SBBOQTTZIfONXC ACID. (PH'PO*. (See DeeWATIVES OB 
EvDEOaCIttONB, lii. 217.) 

PROSPBO.MEXBYXiItr»I. ) o tj _ - . « 

PaoSPBOiaBTHVE-XRXBTBT«Bl«.l PuosPlIonnS-DASES. 

PBOSPHOiaOEXBSXC ACIXI. See Moexbdendm (m. 1037). 

See Light (ih. 690, 682) 


PHOSPHORIC ACID. 
PKOSPBORXO EXHEl 


See PaospHoans, Oxyqen-acios op. 


PHOSPBOBXXE. A massive radiated variety of apatite (i 348), chiefly obtained 
&om Estremadura in Spain and Scliluckenwald m Bohemia. 

PHOSPBOROCKAECZTB, A variety of hydrated cupric phosphate (See 
Phosphates.) 

PHOSPBOROSAMIDBS. Amides in which 3 at. hydrogen are replaced by 
1 at. phosphorus. Trichloride of phosphorus absorbs 8 at. of ammonia, forming a 
white mass of sal-amniomao and pliosphoroso-triamide, N^BL'P"' : 

POP + 6NH» = SNffCl + N»H“P. 


This mass when heated out of contact with the air, gives off ammonia and sul-ammo- 
mac, leaving a yellowish amorphous residue which has been doscrihed ns a phosphide 
of nitrogen, but which in all prohibility is a mixture of phosphoroso-diamidc, 
H’H’P , and phosphoroso-moiiamide, NF". 

FKOSPKOBOVS ACID AND EXHERS. See Phospkqeub, OxYaEN-Acms 


PHOSPHORUS. Atomic vi(ight 31. Symbol P. Combining Tofunie^. Vapaur- 
dcnsify, by ealeulatiou = 62 referred to hydrogen as unity, 4 284 refonod to air ; by 
observation, 62 1 and 4'36 

This element, though very widely diffused in water, is never found m the uncombiiicd 
state, but aUhost always in the form of a mebillie pliosph.ite, and chiefly as phospluita 
ofeiilouiin, which forms the principal constituent of apatite, phosphorite, eoprolites, &c. 
Combined jdiosphono acid is also found, though in very minute proportions, iii most of 
the primitive rocks, and in soils produced by their disintegration, whence it is taken up 
by phints, accumulating chiefly in the seed Prom the vegebihlo ii passca into tlio 
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iiiiiTriiil knigdntn, wlteiv it cxi'-ta in the Imueat proportion. It is fouiut in the hlooci, in 
tlio urine, in all the aoft tisanoa, eapociiOly the nervous tissue, luul in the hones, of 
wliieh indeed phoaphnte of calcium constitntea the ehief earthy eon.stitueut. Tiuoes of 
pliospliorie acid have alao been found in the -water of springs and rivers, and according 
to Barral (Oompt. rend. li. 769) in rain-water 

riiosphorus was discovered lu 1069 by Brandt of Hamburg, who obtained it by 
dwtiUing the Tcaidiio ofevtiporutod urine with charcoal Gahn in 1769 showed it to 
bo a constituent of hones, and Schoolr, six years later, founded on this observation a 
process for the extraction of phosphorus from bones, namely by digesting white-burnt 
limies for several days with dilute nitric acid, removing the lime by sulpburio acid, 
evapoiiitiiig to a bynip, and distilling with ehareoal powder. This process was simpli- 
fied by Hieolas and Pelletier (J Phys. xi. and xxviii,) who decomposed the bone- 
ash directly with sulphuric neid , and Poureroy and Vauqueliu (J Pharm, i. 9) 
afterwards determined the exact proportion of sulphune acid required for tho completo 
decomposition of tho hone-earth, „ 

Bone-earth consists mainly of tricolcie phosphate Ga*P“0’ N ow earthy and alkalina 
phosphates oontaimng 3 atoms of metal are not decomposed by ignition with charcoal, but 
phoiiphoric arid and anhydride are completely reduced by tlus treatment, while the 
metaphosphates, which may he regarded as compounds of tnmotollie phosphates -with 
phosphoric anhydride («. g. SCaP^O* = Ca'P^O' + 2P’0‘), arc partially reduced. The 
first step therefore in tho manufacture of phosphorus consists in the production of oaloio 
metaphosphate. 

Bones are burnt to a white ash which is finely powdered and mixed with a quantity 
of dilute sulphurio aeid sufficient to abstmet two-thirds of the calcium fi-om tho calcio 
triphospliivtn and to decompose tho wliolo of the cideie carbonate contained in tho hoac- 
asli About 3 pts. hone-ash and 2 pts. strong sulphurio acid mixed with 18 pts. water 
are tha proportions generally employed: 

CiI’P'O" + 2H*SO* = Ca"H'P'0' + 2Ca''S0<. ■ 

After suhsidenco, the soluble monocalcio phosphate (superphosphate of lime) is strained 
and pressed from the insoluble gypsum, which is slightly washed with water. Tho 
washings are added to the phosphate solution, which is then evnponited to a syrup, mixed 
-with about one-fourth its weight of charcoal powder, and heated gmdnally to dull red- 
ness in an iron pot, stirring nJl the time. By this moans the basic water of the inono- 
caleio pliosphato is drawn off, and a porous mixture of charcoal and metaphosphate is 
obtained : 

Ca“H<P»0* = Ca'T’O* + 2H?0! 

and on distilling this mixture at a bright red heat, phosphorus is set free and passes 
over in vapour, which may bo condensod under water j earbonic oxide also escapes and 
tricalcic phosphate is rcpiuduced and remiiiiis behind ; 

SCa'T^O* + C"> - Ci‘P*0« + lOCO -(■ P‘. 

By mixing sand with tho charcoal-paste, as recommended by IVdhler, tho -whole of 
the phosphorus may be expelled, the ooloic phosphate being entirely converted into 

' 2Ca'T«0* + 2SiO’ + C" - 2Ca"SiO» + lOCO + Ph 

Tho distillation is performed in an earthen retort a {fig, 735), which is coated ex- 
ternally witli a thin paste consisting of a mixture of equal parts of borax and fire-clay 
to render the retort loss porous The heat is slowly raised to full redness, and the 
phosphorus, which rises in vapour, is convoyed by a wide copper tube, bent as at 4, so as 
to dip mto water contained in a vessel provided with a smallor tube for conveying 
the uncoudenaod gases into a ehmney. Tho phosphorus condenses in yellow drops 
which sink to the bottom of the water, without coming m contact with tlie air On 
the large sealo a number of retorts containing the mixture arc heated in a gnlley-fumaoe 
According to enlcnlation the yield of iiliosphoriis by the method above dosenbed (not 
using sand) should amount to 11 per cent of the bone-ash, and m ciirefiilly conducted 
oper.itionR this amount is in fact obtained, but the average yield does not exceed 8 per 
cent, tho loss nrisiiig principally from difficulties in tho process of distillation Tho 
consumption of fuel is also very largo, and tho cost of the process is greatly increased 
bjr the frequent breakage of the earthen retorts. It has not yet been found possible lo ob- 
Tiato theseinconveiiioncos intheproeoss,and aeeordiiigly the efforts of manufuotiirers have 
rather been directed to make up for tho iinavoidahlo losses involved in tlfo preparation 
of phosphorus, by a judicious application of the soaoudary products, especially by making 
use of the anlnud matter of tho bones, which was formerly allowed to burn away 
AYith this view tho bones are first freed from fot by boiling them noth water and 
skimming off the liquid fat which floats on tho surface ; this fat may he used for the 
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scribed ; or tliey are treated with dilute hydrocliloric acid, irhioli dissolves out the earthy 
matter and leaves the oartiliiginous substance in a state available for the preparation 
of gelatin , and the joid solution is preeipiUted with milk of lime, or better with criiao 
carbonate of ammonia, whereby tricaleic phosphate is obtained, to be used as abovo. 

Another inode of operation consists in subjecting the bones to destructive dmtillation, 
whereby ammonium-salts and bone-charcoal are obtained. The latter is either first 
used in the refining of sugar, and after it has become iin.ivailable for this purpose, cal- 
cined for the propai ation of phosplionis , or it is praiflod by exhaustion with hot hydro- 
chloric acid, and the solution separated ii-om the purified charcoal («oi> jjunJii) is 
transformed as above into triealcic phosphate. 

Of late years, processes of manufacture have been proposed which dispense with the 
necessity of decomposing tiie bones with sulphuric acid lock (Polytcckn Centralbl. 
1856, p 881; Pharm J. Trans xvi 173) macerates the hones with dilute hydroeliloriQ 
acid, and evaporates the decanted solntion to such a degree of eoneoutration, that on 
cooling it deposits eiystals of acid phosphate of calcium._ This salt, after being freed 
from mother-liquor by pressure between porous stones, is mixed with a fom-th part of 
its weight of wood-oharcoal and distilled. , 

Cary-Miintrand (Compt. rend, xxxvi. 854) passes hydroohlorio ncid gMovera 
mixture of bone-pliosphato and charcoal at a red heat, whereby the whole of the phos- 
phoras IS set free and ohlonde of caloinm remains • 

Ca‘P^O“ -t C* + 6H01 = 3Ca"CP + 800 + H* + P*. 

This mixture is introduced into fire-clay cylinders open at both ends, laid horizontally 
in a furnace, connected at one end with an apparatus for generating hydrochlone 
acid gas, and provided at the other with copper adapters dipping into receivers con- 
taining water. At the close of an operation, the residue of chloride of calcium and 
charcoal may be removed ftom the cyhnders and a fresh charge introduced, without 
putting out the fli’a. The chloride of calcium may bo decomposed bysulphuno acid, so 
ns to yield hydrocblono acid for the next operation. It does not appear however that 
either tins or the preceding process hoe yet been adopted on manufacturing scale 
the old process by Hieolas and Pelletier being tliut which is invariably used. 

Piii'\fication . — Tbe crude phosphorus obtained by the first distillation is contaniiuated 
with oxides of phosphorus, red phosphorus, and other eubstances winch give it a red or 
brown colour. It is punfied by meeliniiieal filtration or pressure through chamois- 
leather, by i%distillation, or finally by chemical means, viz. by fusion and partial oxi- 
dation. The old method of pressing tlirough chamois-leather appeals to be no longer 
ill use, tbe supply of chamois-leather in fact not being sufficient for the piiviflcation of 
the large quantities of phosphoiuis now manufactured. Tlie filtration through slabs or 
chamotte-stone, or layers of charcoal, intiodueed into French manufactories, has been 
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aliandonod ns too slow. Tho puwflention of phospliorns by I'cdistillation is simplor, 
bnt is attended with some loss and intolvea a considetable expenditure of fuel. 

In most niannfiietures, the purification of pliotpliorus is now successfully and econo- 
mically etfeeted hy treating tho crudo product intli snlphunc acid auil chromate of 
potassium, us first suggested by Wohler. For this purpose ii mixtiiro of chi'omatu of 
potassium and sulphurie acid is added to tho melted mass of crude phosphorus The red 
phosphorus appears then to bo oxidised first, and tho impurities rise to the surface in the 
form of a soiim, while the pure phosphorus remains colourless and transparent at tho 
bottom of tho vessel. 

Moulding — Phosplioms is frequently sent into the market in sticks. This shape was 
formerly given to it by drawing tho melted phosphorus into glass tubes uuth tho mouth, 
cars being taken to keep tho upper part of tho tube filled with water Tins dangerous 
metliod has however been entirely snperseded by the following, devised by Seubert 
(Ann. Oil Pli,arni xlix SIG). — Tho phosphorus is liquefied in an elhpticfd or conical 
vessel coutaiuing water, which is kept exactly at the melting point of phospliorus (4t° C. 
or 111“ F.). From the bottom of this vessel there proceeds an clbow-tnbo, connected by 
a socket and stopcock with a borizontal glass tube soldered into tbo side of a vessel 
contaiuuig cold water. On opening the cock, the liquid phosphorus flows into tlio hori- 
zontal tube, where it solidifies , and by thrusting a copper wire a little way into the 
tube, allowing tho phosphorus to solidify around it, and then gradually with- 
drawing tho wire with tho stick of phosphorus adhering to it, the melted phosphorus 
will continue to flow into the tube and solidify, and may then be drawn out into a long 
oylindei', which may afterwards be cut into sticks of any required length. 

The same appimitus may bo used for the granulation of phosplionis. For this pur- 

n ie, the vessel containing tho horizontal tube is filled with cold water only to just 
ow the level of that tube, and upon it is carefully poimed a layer of warm water, a 
thin board being interposed to prevent tho warm water from at once mixing with the 
cold On opening the stopcock to a moderate extent, the melted phosplionis flows to 
tho end of the horizontal tube and fulls out in successive drops, which solidify in passing 
through the cold water, and eoUeet at the bottom m grams. 

Phosphorus may also he gramilated by ngitatmg it, while in the fused state, with a 
warm liquid till it solidifies. For this purpose, .iccording to Cass are a (J. Pharm. 
XTi, 202), alcohol of 38“ B is hotter adapted than water. According to Buttger 
(jBeitragc zur Chemte tmd Phgsik. i. 66 ; n, 127), tho liquid which reduces phospliorns 
to the finest state of granulation is human tmhie , and it derives tlus property from the 
urea which it eontams, so that an aqueous solution of urtificiul urea may be used as a 
more cleanly substitute for the urine A tall cylinder an inch wide is half filled with 
a liquid of this kind, and heat applied till the phosphorus introduced into it is melted . 
the phosphorus is then worked about for two minutes, by means of ft twirling stick 
which passes through the opening of the wooden cover of the oylmder ; it is thus 
brought into a fine state of division. Tho remaining portion of the cylinder is then 
filled with cold water, the twirling motion being continued all the while 'When the 
liqm'd comes to rest, the phosphorus is di'posited m the state of powder , the liquid is 
then poured off, and tho phosphorus washed with water. Eespoctiiig the supposed 
mode of action of the urea ecu Scliiff (Ami Oh, Pharm. oxviii. 88) Blondlot (J. 
Pharm [4] i 72) recommends tho use of sugar or of a salt in place of urea 
To the larger manufacturers of liieil'er-mutches tho phosphorus is often supplied in 
lohd cakes or clieeses. 

For further details on the preparation and purification of phosphorus, see Eiehard- 
son and Watts’s Ckuntcal Teth/iolugg, lol. i pt 4, pp, llO — 126, also Hofmann’s 
Atpurt on Ch mtcal Pioditets and Pioouscs in the Eahibitum of 1862, pp, 03—96. 

Properties . — Phosphorus, when freshly jirepared and quite piu'e, is almost pcifeetly 
fyanspareiit and colourless, or with only a faint yellowish tinge It melts at 44°, foriii- 
iiig a viscid oily liquid which sometimes ret,iiue its fluidity when cooled Several degiccs 
below the melting point, but solidifies instantly when touched with a solid body. The 
speciflo gravity of ordinary phosphorus is variously stated at from 1 77 {ISuz Lihrh. i. 
218) to 2‘09 (Bottger, in Gmehris HandiaoK), According to Gladstone and Dale 
(PhiL Mag. [4] xviii._30), tho specific gravity of solid phosphorus at 63° is 1 '823 , that 
of phosphorus lemaining liquid bdow its melting point, 1'763. It is a non-conductor 
of electricity both in the solid and in the liquid state. 

In warm weiithor phosphorus is somewhat flexible and may he bent without breaking, 
but near the freezing point it becomes brittle. 'When pbospliorua is biokifii, it exliibits 
a c^stalhno &ictiiro, but distinctly formed crystals of phosphonis caunot bo obtained 
by fusion, except when a very lurge quantity is operated on Crjstals of phosphorus 
may bo otd.niied by cooling a hot saturated solution of phosphorus in rock-oil, oi in 
Billphido of phosphorus, orhy tho evaporation of its solution iii sulphide of carbon The 
oiyst.'Us of phosphorus are usually either regular octahedrons, or rhombic dodecahedrous. 
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Phosphorus boils in closed roasels at 250° (Hoinrieh), 288° (Diilton), 290° 
(Pelletier, Ann. Ohem iv 3). Its vapour-density, according to Daville and 
Troost (BuU, Soc. Chini. v 43-t), is 4-3fi at 600° and 4 60 at 1040° referred to air as 
unity. Tho former number gives for the spocifle gravity of the vapour referred to 
hydrogen os unity, tlio number 62 1, which is rather more than double tho atoinio 
woigtit of phosphorus. Hence it appears that the atom of phosphorus in the gaseous 
state occupies only half the bulk of an atom of hydrogen (see Hases, Comiuka'CIOx op 

BV VOLUME, 11. 810). 

Phosphorus is insoluble in water, slightly soluble in ether, but more so in hemene, ml 
of iurptnime and other essentia/ as well ns in fixed nils. It is also freely dissolved by 
chloride of sit/^ihur, irtehlonde of jthosnhorua^nA sulphide of carbon 

Phosphorus is extremely infl.immable, thlaRg flro in the ojien air at u tompcratnrn 
very little above its melting point, burning with a brilliant white flame, and emitting 
dense white fumes of phosphoric anhydride. If it contains impnv ties. It takes flro still 
more easily, the heat developed by slight friction being often sufficient to inflame it. 
Phoaphorua must therefore be handled with groat caution , a burn from it is very severe 
and diffleull to henl It must always be kept under water till wanted for use; it in.iy 
then be taken out and dried by gentle pressure between filtering paper, it la best also 
to cut it under water When a solution of phosphorus in sulphide of carbon is dropped 
upon filtering paper and left to evaporate in tho open air, the finely divided phosphorus 
winch remains on the p.iper absorbs oxygen so rapidly that it immediately takes fire. 

The flame of hydrogen-gas impregnated with phosphorus, as produced by the intio- 
duotiou of free phosphorus, hypophosjihorous acid or phosphowus acid into Marsh’s 
apparatus (i 362), exhibits when examined by the speotroscope, two intense green lines, 
one of which eoineidos with a line in the barinm-spectrum. This reaction is so delicate 
that it wiU distinctly indicate tho presence of phosphorus in the hydrogen evolved on 
dissohdug ordinary iron wire in dilute sulphurio acid (Ohnstoflo and Beilsteiii, 
Compt. rend Ivi 309), see also Sogiun {ibtd bu 1272). 

Phosphorus, when ’ ‘ ‘ ” temperntiiros, gradually absorbs oxy- 
gon and undergoes a a wliito vapour which has a pecuhar 

garlic odour, and consists of phosphorous anliydrido mixed with a little phospliorio 
anhydride, or if the air is moist, of the correspoudiiig achls (p. 499). In a dark room 
the slowly burning phosphorus and the vapour given ofif from it sliino with n greonish- 
whito light. 

The mow combustion of phosphonis is aflfeetod by sovcr.al circumstances In pure 
oxj-gen of ordinary density it does not take place at all at tomperiitures below 15°, but 
on rarefying the oxygon, or diluting it with nitrogen, hydrogen or e.irbomo anhydride, 
the phosphorus becomes liimmous in tho dark at lower tempemturea. In tho air, the 
lummosity is not poreeptiblo at tempenitimes more than a fow degrees below 0°, hut 
becomes seusiblo at that temperature and increases at a fow degrees above it. Slow 
combustion is completely prevented by the admixture of eortuiu iiiflammablo vapours 
and giises in minute quantity with the air , thus if lur he mixed with of its bulk of 
olefiant gas, of roek-oil or of oil of tm-pentine vapour, a stick of phosphorus 
no longer becomes lumuious when exposed to it. 

Eespeotiiig the reactions of phosphorus with chloitne, sulphur and other elements, 
see page 605. 

Modifications of Phosphorus . — ^Phosphorus is capable of assuming several dittbieut 
forms under tho influence of causes uppaiently trifling — a When exposed for some 
time to light under water, it becomes white, opaque and scaly, the chango proceeding 
from the surface inwards This white phosphorus has a specific gr.ivity of 1'616 , it is 
somewhat less fusible than the transparont variety, and is recoiivortod into the Utter 
by a temperahu'O not exceeding 60°. — 18 Another modification is produced hy tho 
sudden cooling of molted phosphorus , it then becomes perfectly hlaeh and opaque, but 
is restored to the ti-ansparont colourless condition hy simple fiision and slow cooling. 
According to Blondlot (Compt rend, be 830; Bull, tioc Chini. [2] m 416), this 
black modifloation is the typo of pure phosphorus Ho obtains it by first purifying or- 
dinai’y phosphorus by several distilliitioiis (in hydrogen giisl, then exposing it to the siiii 
and distilling again Tho product coUeeted in a receiver cooled very slowly sohdifioa 
to a white mass which suddenly turns black when tho temperature of the condensiug 
water falls to 6° or 6°. It is important, however, to know whether the hydrogen used 
in the distillation was absolutely pure, siiieo the least trace ot cerl.iin metals or 
meUllo^ would be sufficient to blaektn tho phosphorus — 7 A oiscons modificiition, 
analogous to viscous sulphur, may be obtained by heating very pure phosphorus to 
near its melting point, and suddenly cooling it 

6 Bed or Aniorphous Phosphorus. — ^This, which is the most remarkable inodiflcatioii 
of phosphorus, is produced when ordinary phosphorus is exposed to tho .letiuii of light, 
or heat in an atniosphero not conlainiug oxygen, or when it is heated with a buiall 
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quantity of iodine Itappeavs to have been flrat noticed by Bi'rcelhis, who found that 
phosphorus under tho influence of colooied light acquires a red tint, without alteration 
of weight, and at tho sHiue tune loses its property of sliining in the dart, fenbsequpnfcly 
in 1844, Emile Eopp (Compt. rend. xibc. 346) in preparing iodide of ethyl by 
treating alcohol with iodine and phosphorus, ohserved the fonnation of a ind inodiflea- 
tion of phosphorus, amorphous, destitute of taste and odour, very little disposed to 
oxidise at ordinary temperatures or oven at the heat of the water-bath, and reconvert- 
iblo into ordinary phosphorus hy diy distillation. These observations were confirmed 
hyBcrzolms (Bapport Annuel, v. 435), and by Mnrehaud {J. pr. Ohom 
xxxiii. 182) Nevertheless the red modification of phosphorus did not attract much 
attention till 1888, when Schrotter showed that it might be prepared by simply ex- 
posing ordinary phosphorus to light, or more readdy by heating it to near its boding 
point in an atmosphere free from oxygen, and pubhshed a detailed account of its pro- 
perties (Pogg Ann. Ixxxi. 276). Brodie afterwards showed (in 1862) that amorphous 
pho.sphoriia may he prudiieed by heating phosphoiiis with a small quantity of iodine m 
a sealed tuba or in nu atmoapliere of earhonic anhydride, or by melting phosphorus 
under strong hydrochloric acid, and then adding a small quantity of iodine, (Chom, See. 


Pig. 7S6. 



Amorphous phosphonia may bo prepared on the laboratory scale by placing a 
quantity of dried common phosphorus in tho bulb of a flask A (/,(?. 736) to the neck of 
which is attached a long narrow tube b bent downwards and dipping into mercury; the 
air in tho flash is displaced by means of .i current of carbonic anhydride, which is 
sunpbed from the bottle B, and di'ied by p.issiug through the tube E, filled with 
chloride of calcium, tho tube is then sealed at the narrow portion a, and the apparatus 
which suppbed the carbonic anhydride is removed. Heat is next applied to the flude 
by meiina of an oil-bath e. The phosphorus melts readily, but by regulating the heat 
steadily between 230° and 235° by means of the thermometer i, and maintaining it at 
that tempemhire for thirty or forty hours, almost all the phosphonia wiU be brought 
into tho sohd amorphous state. 

The apparatus just described is similar in principle to that invented and patented 
by Mr Albriglit of Oldbury near Birmingham for the preparation of amorphous 
phosphorus on tlie large scale. In this apparatus the phosphonia is heated in a 
conical glass vessel-placed within an iron vessel of tlie sumo shape, which is heated hv 
a hath of tin and lend The melting vessel is provided with a tight-fitting oo9er, from 
which there proceeds n safety tube dipping into mereury, as in the apparatus above 
clesentiod. It is not fotmd neec3B.iry to expel tho air from the apparatus by means of 
mrbonic anliydride, as tlie small portion of oxygon contained in it ts soon consumed by 
tlie combiitlion ot a portion of the phosphorus. (For a iigure and full desci'iptiou of 
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thia npj/aratus, sea Bieliardson and Watts’s Chamcal Technology, ■^o[. i, iiA, i 
P- 127-) . . . ^ 

Amorphous phoapliorus prepared as above always contains a certain miantity of 
uimltered phosplioriia, wliich la removed by washing it two or three times with siilphido 
of carbon, in winch common phosphorus is soluble, and rad phosphorus insoluble. It 
has been recommended by Nicklcs, in order to avoid the use of much sulphide of 
carbon — a dangerous as well as disagreeable substance — to purify red phosphorus by 
suspending the finely divided mixtoo of yellow and red phosphorus in a solution of 
cliloride of enlcium of speeille gr.ivity about 2'0, In such a solution common phos- 
phorus flouts, while red phosphorus sinks. 

Red phosphorus is much less fusible than common phosphorus ; it may be healed 
to 250" without alteration, but at 260° it is reconverted into oivlinaiy phosphorus. It 
also difllu's from ordiimry phosphorus by being insoluble in many liquids in which 
the latter is soluble, such as sulphide of e.irbon, aleoliol, ether, turpentine, aud tn- 
clilorido of phosphorus. The two inodiflcntions differ also not less in eheimcal than 
in physical properties. Coniinoii phosphorus, as already observed, oxidises slowly in 
the air at common temperatures, and hums rapidly when heated to about 60° ; ted 
phosphorus, on the eontraiy, is not at all oxidised in the ^ at common tempera- 
toes, emits no odour, and does not become luminous mitil heated to nearly 260°, tho 
point' at which it is transformed into the ordinary modiflcation. Hence it iB not 
hablo to take fire by moderate friction, and may be handled without danger, and 
prosen ed in bottles, or oven wrapped up in paper without liability to alteration. Its 
properties differ however in some respects according to the mode of preparation. If 
prepared liy lieat it has a speoifio gravity of 2 14 . bnt that which is obtained by the 
aotmn of iodine on common phosphoais has a spcciflo gravity of 2’23. The latter 
also volatilises like arsenio, without previous fusion, and condenses to a hard black 
mass. It is more readily noted on by cimstio potash tlian tho former, and precipitates 
certain metalho solubons, sulphate of copper for example. (Brodie.) 

Reactions of Phosphorus. — The action of oxygen on ordmaiy and red phosphorus hss 
been already described With sulphur, ordinary phosphorus unites rapidly when the 
two bodies are molted together, the comhinution being attended with vind eomhnstiou 
and loud explosion. Kod phosphorus, on the other hand, does not unite with sulphur 
till heated considerably above the melting point of the latter, and even then the com- 
bustion, though rapid, is not explosive. Sitemum unites with phospihorus when tho 
two are heatw together nearly to the melting point of the latter. 

Hydrogen passed over phosphorus contained in a glass tube takes up a small 
quantity of it, sufReient to colour the flame green, hut no definite compound appears to 

be formed But when phosphorus, a mp ” • ’ ' ’loaphoroiis or phos- 

pliorous acid is introdueed into an apparat , 'cn, the evolved gas 

appears to contain a certain quantity of _ (Dusart, Compt. 

rend xliii. 1126) — AMiwonia acts gr,idiially on ordinary phosphorus produeiug phos- 
phoietted hydicgen and a compound of ammonia with an oxido of phosphorus, wliieh, 
when alcoholle ivnimonm is used, is deposited on the sides of the tube us a deep black 
metallic film not decomposed by boiluig potash or sulphimc aeid. Bed phosphorus 
has no action on ammonia. (Fliickiger, Anal. Zeitschr. li. 398.) 

Ordinary phoaplionis mutes directly at ordinary temperatures, with ehlonne, hromine 
and lodm, the combination taking place rapidly and being attended with inflammation. 
Red phosphorus also unites with these elements at ordinary temperatures, the oomhina- 
tion being attended with evolution of heat, but seldom sufflcientto produce ignition. 

Chlori& of sulphur, S^Cl", dissolves ordinary phosphorus abundantly, and on heating 
the solution, a violent reaction takes place, attended with ebidlitioii and projectiou of the 
mass. The same violent action is produced on dippmg a stick of phosphorus luto a 
column of chloride of sulphur of about the same depth and volume. On gradually add- 
ing small pieces of pbosphoima to cliloride of sulphur gently warmed lu a retort filled 
with carhouio anhydride, a rapid action also takes place, the liquid becoming hot aud 
distilling over . graiiiully, howei er, sulphur separates and the action becomes more 
moderate ; and on mixing the distillate justmentioned with that which afterwards passes 
over on heatingtheresidue.aiidredistilling the wholeover half its hulk of phosphorus, it 
colourless liquid is obtained, winch separates by fractional distillation into pentaehlonde 
and sulphoehlorido of phosphorus, PSOl". When chloride of sulphur is gradually 
poured into melted phosphorus, tho only products are pentaehloride of phosphorus and 
a yellow Siiblimats which .appears to be a wdphide of phosphorus : the residual phos- 
phorus iseonvertodintothered modification. (Wohler and Hiller, Ann. Ch,Phiirm. 
xeni. 274 ) 

Most snetals unite directly with phosphorus when tho latter is thrown upon them 
while they are in a slate of ignition or when they are heated in ics vapour. 

Finely divided phosphorus, under the influence of Bunh'ght, slowly decomposes 
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water, forming piiospilorotted liydrogan and a red substaiieo commonly regarded as an 
oxide of phoaphoruB 

Many acia^ aro doeomposod -ndien heated with phosphorna, yielding phosphorous 
acid, together inth other products. — ^Pure concentrated hydi lodto acid heated with 
amorphous phosphorus to 160° for two hours, yields phospWoiis acid and sublimed 
crystals of hydriodate of phosphoretted hydrogen.— //i/rfi-oiromm and acts in a similar 
manner, hut somewhat mote dowly. — ^Pure concentrated hydrocldonc acid heated with 
amorphous phosphorus to 200° for sixteen hours appears to bo decomposed according 
tothccguations. 3HC1 + P“ PH^ + PGP; and PGP s* 3H^O .= PH*0® + 3H01. 
Strong sulphuric acid is reduced to snlphiirous anhydride, which floats on the surface of 
the phosphorous amd formed at the same time; 

3SH»0< + P* = PH»0* + S80\ 

Sulphurous acid yields phosphorous and sulphydrio acids- 

SffO* + 3H'0 + P» = 2PH»0« + ffS, 

Syrupy phosphoric md heated to 200° with phosphorus for forty hours, is reduced 
to liyTOphosphoroiia acid, which latter is partly resolved mto phosphorous acid and 
phosphorottod hydrogen — Aqueous chromic acid heated witli phosphorus is reduced to 
chromoao-chromie oxido ; arscnioKS act(f yields phosphide of ai'senic. (Oppeuhoini, 
Bull. Soe. Ghim. [2] i, 163.) 

Phosphorus boiled with aqueous alhalia and alkaline earths forms phosphoretted 
hydrogen and a solution of a liypophospliite, c. g. with lime-water : 

SCa"II'0» + P“ -t 6H«0 = 3Ca"H<P»0' + 2PH«, 

PliosphoriiB llkowise decomposes many other oxides and s.ilts, both in the dry and in th o 
wet way. When rubbed with chhrate of potassium, it detonates and takes fire, a slight 
friction being sufficient to induce the reaction. Nitrate of potassium and the peroxides 
of lead and manganese net upon it in a simUar manner, but less noleiitly, When a 
mixture cfcarhonaU of sodium and amorphous phosphorus is heated m a comhustiou 
tube to low redness, or better to 240° only, a brown mass is obtained, which takes fire 
on exposure to tho air, and when thrown into water gives off a large qiiantitjr of 
spontaneously inflammable phosphoretted hydrogen, and forms a dark brown solutiau, 
from which hydrocldonc acid throws down brown flocks, forming when dry a blaek- 
biown amorphous mass containing about 40 per cent, of humns-like bodies. When 
oaibonate of sodiiunis heated to bright redness with excess of phosphorus, the whole of 
the carbon is set free . with excess of sodic carbonate, on the other hand, a mixture of 
charcoal, eodio phosphate and sodie carbonate as obtained, carbonic oxido being given 
off and phosphorus distilling over. The carbon obtained in these reactions has a 
deep velvet-black colour, a apeeifio gravity of 1-46 at 14°, and possesses strong ab- 
sorbent and decolorising properties. Phosphorus acts in like manner on other carbon- 
ates, also on borates and sihcates. (Dragendorff, Jahresb 1861, p. 110 ) 

Phosphorus placed in contact with many metals in sohitioiia of the same metals, 
produces an olectriccurrenl, andprecipitatea the metals. In contact with clean copper 
wire in a aolntion of cnpnc sulphate, u preeipit.itea the copper on the wbe in octalieiial 
crystals (Wohler, Ann. Cb. Phurra. Ixxix 126) In like manner it reduces silver and 
/emf from tho solutions of their nitrates (Wicke, jW bexii. 145), Phosphorus im- 
mersed m a solution of potassic pirmuiiganatii forms peroxide of manganese and phos- 
phate of potiissiuin. Nonfr.il and acid chroinatc of fMtassium are incompfotely 
decomposed by phosphorus at common teniperatiires with formation of potussio and 
chromic phosplintcs. Cupno chromate boiled with phosphorus yields metalUo copper, 
phosphide of copper, and diromic phosphate. A solution of potassic chlorate boiled with 
phosphorus isconvorted into phosphite, phosphate, and ohloridoof potassium, Nih ate of 
hanimis not decomposed by boiling with phosphorus ; nitrate of had yields a deposit 
of phosphate of lead, nitrate of copper in concentrated solution yields ouprio oxide and 
phosphide of copper, in dilute solution, metallie copper, phosphide of copper, and phos- 
phoric acid. (Slater, Chem. Gaz 1853, p 329 ) 

Chemical 'Relations of Phosphorus —Phosphorus belongs to the peutad gi'oiip of ele- 
ments (iu. 967), including also mtrogen, arsenic, antimony and bismuth. Its pentatomie 
character is exhibited in the pentachloride P'O!*, the oxychloride P’Iq!" phosphoric 
triethodioMoride (or chloride of triethyl-phosphine) &c., also iu phos- 

phoric anhydride p, | O', and in phosphoric acid regarded as gljo*. Butitlike- 
udso, and perliaps more frequently, plays the part of a triatomie element, as in phoa- 
phorettedliydiogen or phosphine F"H‘‘, and its iilcohohc derivatives tnotliyl-pliosplnna 
F"(C“B:')', &e., also in tnchloride of phosphorus P'"C1”, phosphorous tuihydrule 
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I O’, &o , plioapliorous acid ^ 3 1 O’, &e. In some fpw componnds alao it la diatomic, 
aa in the di-io Jide PI’, anil pprliapa m liquid plioapliide of hydrogen PH’ (ui. 201), in 
many of ita metallic eoinponnds it Mhibits still lower degrees of atomicity. 

Ill its trmtomic and pentatomic eliaraeter, phosphorus reaeinbles the other members 
of the group above mentioned It is most closely related to arsenic and antimony, 
each of these elements forming a gaseous trihydrido, and their chlorides, bromides and 
oxides being exactly uiialogons to one another in composition. lo arsenio it is further 
related by the atnetly luialogons composition and the isomorphism of the eorrespond ing 
phosphates and lu’senates, and by its iinoninlons vapour-volume, the specific gravities 
of each of these elements in the gaseous st.ite being double its ntoniie weight (p. 603 ; 
also 111 , 988), Bismuth is also related to phosphorus, arsenic, and antimony hy the 
composition of its chlorides .mil oxides, .ilthoiigh its pentatomic coinpouiids are not of 
very stable character. To nitrogen, phosphorus is related by its coiiibiiiation with 
hydrogen, aud hy its form.itioii of .inliydiides with 3 and 6 atoms of oxygen 

The elements oi this group exhibit m luiiny respects a rcguUv gradation of proper- 
ties m the order of them atomic Heights. Nitrogen (14) is gaseous, wlulo aU the rest 
are solid at ordinary teniperaturos , and of these latter, phosphorus (31) is the most 
fusible and volatile; next follows arsenic (76 ), then antimony (122), and lastly bis- 
muth (210) The acid properties of the oxidised compounds are most miirkod 111 ni- 
trogen, then m phosphorus , they aro weaker in arsenic, stdl weaker tn antimony, and 
scarcely apparent in bismuth. The compounds with hydrogen follow in tho s.mio 
order ; ammonia is a powerful base, and requires a hi^h ten piT.vtnro for its decom- 
position , phosphine, PH’, is a very feeble liiise , in .irsmo, AsH’, the basic ohnriieter 
IS not perceptible, tliough manifested in tiiethyl-arsine and other of its derivatives ; 
the same IS true of the oorrespondmg iintimouy-couipoimds. Hich of the three hydndes 
lust mentioned is docoinposcd hy simple exposure to he.it, phosphine roquiiing tho 
highest temperature, arsine deeoiupoauig at a lower, and stihino at a still lower degree of 
lie.it, while the affinity of bismuth for hydrogen is so feeble that it does not appear to form 
a hydnde 

Uses op Phosphoiius — II io chief use of phosphorus is for the preparation of the 
paste with which luoifer nmtclies are tipped , for this piu'pose both tho ordinaiy and 
the amorphous variety of phosphonis aro employed. Oidinary phosphorus, being m- 
tensely poisonous, is also used in the formation of compositions for poisoning ruts, cock- 
roaches and other vermin ; and both kmds aro n=ed in a variety of ways in chemical 
aud pharmaceutical preparations. 

A phosphorated paste for poisoning vermin may ho prepared hy dissolving 260 pts. 
by weight of gum arable 111 600 pts of water at 140° P , adding 16 pts. of phosphorus, 
stirriug as it melts, then removing tlie vessel from the file aud continuing tlie 
stirring us tho mixtiu'e cools m older to thoronglily inoorporata the phosphorus. The 
mixture is tlien pluoed over the water-hath, the stirmig being still continued , a paste 
pievioiisly made up with 100 pts. of flour, or better of potato-starch, .and lOl) pts of 
water is added to it, and tho whole is beaten up for half an hour .it 1 2? ° F , after which 
it IS left to cool, the agiUtjou being still continued till the temporatuie has fallen to 86°. 
Tile process yields from 600 to 6 .0 pts of phosphor.ited paste. To effbet a still finer 
division of the phosphorus, tho paste may be ground under the muller. 

Lucif er-niatohea — Ordin.iry Incifer-miitolies ore simply wooden snlphiir-niiitehes 
tipped with a paste containing phosphorus, and capable of igniting by fiiction, The 
materials added to tlie jiliosphoius to promote its ignition are ohlor.ite or nitrate of 
potassium, or certain metallic oxides which easily give up their oxygen, such as tlie 
peroxides of le.id and mangimete. Chlorate of potassium causes tho paste to ignite 
with detonation when rubbed, and often occasions the projection of a portion of tho 
hm'niug matter to a considerable distance. This projection, which is ratlier dangerous, 
may be prevented by using nitrate instead of cbloiato of potassium ; the niatelies then 
burn quietly 

The phosphorus, and tho salt or oxide which is to supply it with oxygen for combus- 
tion, are made up mto a paste with a strong solution of glue or gniu, a small quantity 
of vermilhon or Prussi .111 blue being added as colouring matter, and sometimes a little 
fine sand to merease the friction 

The proportion of phosphorus varies considerably, being eomctimes as high as 30 or 
even 60 jier cent and sometimes as low as 10 or even 5 per eonl. The following are 
two ^impositions recommended by Bottger in 1844, and stdl in use fur the preparation 
of noiseless lucifers 


Phosphorus (ordinary) . . .4 Phosphorus (ordinary) . , 9 

Saltpeti'O 18 Saltpetre ... . , 14 

Eed lend ... .3 Peroxide of maiig.iii6so . , .14 

Strong glue 6 Gum 10 
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The reduction of the proportion of phoaphoriie in tho iniiammiiblo mnsa to a mini- 
mum ia a gre.it do.sidonvtum, as the process is thereby rendered less costly, and tho 
matches ’when ignited emit leas of the disiigreeablo odour of phosphorus. A good 
method of effecting this reduction is that recommoiidod hy B Wagner (Wagner’s 
Jahreshoi'icht, 1866, p 603), -which consists in preparing the inflammable mass wlh 
phosphorus dissolved in sulphide of carhou. This pi-oocss not only effects the pcifocfc 
molecular subdivision of the phosphorus, but it enables the moss to be prepai-ed without 
the use of boat, afui-thor very groat advantage. According to B. Mack (VerluiudL 
doa Vereius f. Natnrkundo in Preshurg, 1868, i 17), this simple expedient renders it 
poasihlo to reduce tho proportion of phosphorus to gjg of that at present in common 

Some matches, instead of being coated at the ends with sulphur, are impregnated 
throughout -with stearic acid, wax, or paraflfln. The paste for dipping these miitohes 
requires leas gum and a more active oxidising agent than that for tho sulphur-matohos. 
The foUowmg are two of tho compositions m use . 

Phosphorus (ordinary) . . .30 Phosphorus (ordinary) . . .30 

Strong glue 3’5 Gum tragaeanth . . . .05 

Water S'O Water 3 0 

Ihnosand 2’0 Pmesand 2'0 

Vermillion or Prussian bine . 0-lto0 6 Dioxide of Lead . . , .2 0 

Chlorate of Potassium . . .30 

The dioxide of lead m the second of these compositions may be replaced by 2 pts, of 
red lead and 0 5 pts. strong nitric acid. 

Matches thus prepared burn more readily than sulphur-matches, because tho fatty 
matter and the wootl take lire together, whereas in sulphur-matches the wood does not 
ignite till tho sulphur is ueatly consumed. The miitehes impregnated witii fatty 
matter also burn with a brighter flume, and are free from tho suffocating odour whioh 
the sulphur-matches evolve in burning. Porinerly these matches were impregnated 
with wax or stearic acid or resin, and ns these materials are more expensive than sul- 
phur, then- use was confined to the higher priced matches, reoeutly, however, the use of 
paraffin and paraffin-oils for the purpose, patented by Mr. Letoliford of Whitechapel, 
Las greatly reduced the price of matches thus prepared 

Taper or Veita-matehes, which consist of tapers of wax, rosin and tallow, or paraffin, 
requireto he tipped with a very inflammable paste, because, having hut little rigidity, tliey 
cannot hear much friction without heading. Tho paste used for tipping them is made 
of 12 pts, ordinaiy phosphorus, 14 gum, 3 aulpliido of antimony, 88 dioxide of lead 
(or 86 pts. of a mixture of red load 36 pts. and nitric acid 21 pts.) and 0‘1 vermiihou, 

Fusees for lighting cigars are made from strips of pulp or thin card-hoard 
previously prepared by steeping in a solution of saltpetre. 

Matches iuith ArtiuTphotis Phosphorus . — ^The use of ordinary phosphorus in the 
manufacture of luoifer matches is attended with certain lucouvameucee, arising partly 
from the great facility with which it is set on Are by friction or by a very moderate 
heat, partly from tho slow combustion which it undergoes at ordinary temperatures, 
whereby acid vapours iwo produced of very deleterious character. From this cause, tho 
workpeople engaged in tho raanufaetnre, especially the dippers, oconsioually suffer from 
a pecidiat disease of tho jaw, which commences with pam and swoUiug, and ultimately 
produces necrosis of the bone Ordinary pliosphorus is, moreover, very poisonous in the 
solid state, and instances have occurred of children beuig poisoned hy suckiug matches 
tipped with it. 

Amorphous jphosphorus, on the other hand, ia free from all these objections. It is 
not poisonous in the aohd state, and not being volatile or subject to slow combustion at 
ordmary temperatures, or even at the boat required to keep the paste in the hquid 
state, it does not impregnate tho air of a factory with poisonous vapoars. Moreover, it 
is not liable to be set on fire by accidental fnetion. 

But, notwithstanding tliesa advantagea, the use of matches tipped with animphoiw 
phosphorus has not become general. Lneifers of this kind were sent to the Exhibition 
of 1861 by Messrs. Dixon and Co. of Manchester, but they never found favour with 
tho public, and have of lute years disappeared from the market. The chief objectious 
to tliem. seam to bo that they are not sufficiently inflammable, and that they burn with 
a sputtering flame. 

B 0 1 tg e V in 1848 suggested the preparation of friction matches capable of taking fire 
only when rubbed on a surface prepared in a particular way. Such matches, eoutaming 
no phosphorus in themseh es. bnt supplied in boxes provided with ruhhors eouUiining 
mnorphous phosphorus, were first sent into the market by Prcahol of Vienna in 1854, 
iiiid their pii’piimtioii has since that time been gre.itly improved hy Tjundstrora of 
Sweden, and hy Messrs, Coignot and Co. of Lyons In tins coiiuLiy, patents for the 
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manufaohiro of lueifors by Lundstvom’a processbaTeboen taken out by Messrs Bryant 
ami May.*' 

Tbo i^iting composition applied to the tips of these matches, and the paste for the 
rubber are composed os follows ; 


Pasle/oT Matches. Paslefor Bulher, 

Chlorate of potassium . . .6 pts. I Amorphous phospborua . _ . 10 pts. 

Sulpliide of antimony . , 2 to 3 „ Oxide of manganese or sulphide 

Glue (-weighed dry) . . . 1 pt. of antimony . . . ■ 8 „ 

I Glue (weighed dry) . . 3 to 6 „ 

Matches thus prepared possess tbo great advnntago of being free ftom ell danger of 
Ignition by accidental friction bonce -they are called Safety-matcltes {Allumettes de 
s/lreii) , they aro much used in Ifranco and other parts of the Continent, and their use 
appears also to be extending in this country , but the Moat majority of consumers still 
exlubit a pieferenoe for a match wbiob mU ignite by friction on any rough surface. 

Tliereis anotlior modification of tbo same principle, introduced by MM. Devilliers 
andDiileraagno.in which the amorphous phosphorus is placed at one end of the match, 
and the chlorate of potassium at the other, so that ignition takes place on breaking 
the match in halres and rubbing the two ends together But these matches, culled 
Allmncttcs andror/yncs, do not appear to IrnTO come into actual use. 

Luotfera without Phosphorus.— Ho avoid all danger of poisoning in the preparation as 
well ns in the use of luoifor-matchcs. it has of late years been proposed to tip them 
with a composition containing no phosphorus whatever, either oidinary or amorphous. 
VurioiiB compositions have been proposedfor this purpose , it may he sufficient to men- 
tion for illustration one of those patented by G. Canoiiil (1867, No. 2817), which is 
composed of chlorate of potassium 76 pts , dioxide of lead 36 pts, iron pyntos 38 pts , 
mid gum, dextrin, or glue 10 pts. Sulphide of antimony and free sulphur, either 
singly or together, aro also used as the inflammable matonul in these pastes. Tbs most 
systematic researches on this branch of manufaeturo have been made byWiederhold 
(Ding] pel. J olxi 221, 208 ; clxiii 203, 209), from which it appears that matches of 
good quality may bo made with ohlomte of potassium and byposulphits of load 

The total elimination of phosphorus from the Incifor manufacture would indeed, as 
observed by Hofmann (Report, 1862, p 99), be a grand achievement, not merely on 
sanitary grounds, or as diminishing fire-risks, but also because it would immediately 
liberate for agricultural purposes a largo quantity of hones now consumed in the pre- 
paration of free phosphorus. 

Bor fhrtlier details on the chemistry of tho lucifor-match manufacture, and for 
figures and descriptions of machinery used for cutting and dipping tho matches, 
see Eiohardson and Watts’s Chemical Technology, voL i. pt. 4, pp. 131-180. 

FBOSPBOK1TS, BROMCIDBS Ol*. Phosphorus unites directly with bromine 
at ordinary tempei-atnres, with evolution of heiit, and in the caso of ordinary phosphorus, 
of hght • small pieces of ordinary phosphorus thrown into bromine may produce a 
dangerous exploawii. There are two bromides of phosphorus, the tribromide and 
pontabroinido, the former liquid at ordinary temperatures, the latter solid, tho one 
or the other being produced according to the proportions in which the two elements are 
brought together. 


Tribromide of Fbospborus or Fhospborous Bromide. PBr°. — ^Produced: 
1 By brmghig hi'omiue in contact with excess of phosphorus. Phosphorus is added 
in pieces, not weighing more than a quarter of a grain, to perfectly anhydrous bromine, 
till the liquid becomes colourless, after which the eompoimd is separated by diatUlation 
from the excess of phosphorus (Lbwig, Pogg. Ann. liv 486). In order to avoid 
tho chance of explosion, it is best to pour the bromine into a wide-mouthcd bottle, and 
introduce perfectly dry phosphorus in a glass tube, sealed at bottom, and placed up- 
right in the liquid, so that on closing the bottle the bromine-vapour may slowly come 
lu contact with tie phosphorus (H. Bose, Pogg. Ann. xxviii 060). An easy mode 
of preparation is to dissolve bromine and phospboms in separate portions of siilpliide 
of carbon, then pour the hromine-solution slowly into the phosplioros-soliition, and 
distil (KakulO, Ann. Ch Pharm. exxx. 16) — 2. Vapour of phosifliocus is passed over 
morciiroue or moroiiric bromide, whicli is heated in a glass tube by nieuns of a spirit- 
lump, and the product is collected in a cooled receiver , tho product is purified from 
excess of phosphorus by distillation. (Lowig.) 

Tribromide of pliosphoriis is a colourless, transparent, mobile liquid, which does not 
freer* even at —12°, is very volatile, and emits dense white fumes in the air , has the 
pungent odour of hydrohromie acid; it probably reddens btmus paper only whan 
moisture is present. (Lowig, Balard.) « 

It IS decomposed — 1. By water, with great disengagement of heat, into phosphorous 
and hydrobi'omio acids, which latter, when a small quantity only of water is employed. 


• May (I .), Patent No. ISot, Aug. IS, 185S 
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is evolvod in ttiB gaseous form (Ealard). At 8” the decomposition takes place tat 
slowly, cion when the mixture is repcdtedlj shaken, at 26° it proceeds very rapidly 
(L 0 w i g) By oUonne, into chloride of phosphorus and frco bromine (B a 1 a r d ) 

Tribromulo of phosphorus is capable of dissolving aw additional quantity of phos-- 
pborus, whei'chy it acquires the properly' of sotting fire to combustible bodies brought 
in contact with it in the open air (Baliird), of forming a pclliole of phospiioriis when 
exposed to nil', and depositing phosphorus when decomposed with water (Lbwig ) 

Ammonio-p/tnsphoroHi ii omirff, PBr’ 6NH', is formed when ammoniu-gns is slowly 
passed into well-cooled tribiomide of phosphorus. It is a white powder wWob, when 
heated out of couluct with air, is resolved into phosphide of nitrogen, phosphoms- 
vapoiir, bromide of ammonium, ammonia and hydrogen gas (Bose). With watea’ it 
yields bromide and phosphite of ammonium. 

PeutaPromide of Ptaospboras or Pbospborlo Bromide. PBr®. Forbroimda 
of P/mphot us. — Produced hy the action of bromine in excess on phosphorus or on tha 
tribroande , also hy deconiposiiig iodide of phosphorus with bromine ; most easily pre- 
pared by the second process. 

It is a lemon-yeUow solid, crystallising in rhomboidal forms after fusion, in needles 
when sublimed , melts at a moderate heat to a red liquid, wliich at a higher tem^ 
perature eiolvea rod T.iponrs ; evolves dense pungent fumes lu the air (Balard.) 

decompositions — 1. By olUorme into chloride of phospliorus aud free bromine. — 

3. By heated metnis, into metallio bromide and phosphide (Balard). — 3 By omde 
of ooppLT and red oxide of meroiuy, into metallic bromide and phosphate (Lowig). — 

4. By a small quantity of voter, into oxybronude of jihosphorus, and hydrobromie aeid 
fG-ladstono), by a larger quantity, with rise of temperature, into phosphoric aud 
hydrohiomie acids (Balard) ; 

PBr* + H’O » rOBr* + 2HBr 
PBr» + 4H*0 = PH»0< + 6HBr. 

6. By dry sulphydnc acid gas, forming a heavy liqiud composed of P’8“.GPBi'’, 
whieli bods at 200° without decomposition, but respecting wnioh it has not been 
positively determined whether it is a doflnite compound or a mixtm’o of two suhstuneas 
of equal or nearly equal hoihug points (Q-ladstone, Phil. Msg [8] xxxv. 346).— 

5. In piiosphorctud hydrogen gas the pentahromide first becomes liquid, yielding 
tribromide of phosphorus and hydrobromie acid, which then unites with another 
portion of phosphoretted hydrogen, and forms hydvohroiaate of phosphine PH’.HBv, 
or bromide of phosphoriuiu PH''Br, which cryatalliaes in culies (Serullas, lii. 201). 
By prolonged action of the phosphoretted hydrogen, the whole of tlia bromine is re- 
moved from the penUhtomide, and phosphorus is set free. 

PHOSPHORUS, CBliORiDBS OP. Pho.sphoru3 unites readily and directly 
with chlorine even at 0°, the product being a trichloride orpentacldoride, according to 
the proportions of the two elements present The action of eUoriue on ordinary phos- 
phorus is attended with visible combustion Chlorides of phosphorus are also produced 
by the action of phosphorus on metallio chlorides. 

Trtobloride of pbospborusorPtaospborous Chlonde, PCI*; formerly called 
ProtocUonde of Phisjilmrns — Tins eompouud is prepared • 1 By passing dry ohloriuo 
gas over phosphorus contained in a tubulated retort till all tho air is expelled, then 
gently heatiug tho phosphorus in a sand-bath, while a slow stream of elilorine is kept 
up, so that tlie gas may always come in contact with an cxoe.S3 of phosphorus. The 
trieliloride then condenses in the receiver .is an oily liquid, which may bo purified from 
excess of phos2)horus by slow roetiflcation. If it contains any pentachlonde, which 
will he the case if tho slremn of ehloniio has been too rapid, it must ha digested for 
some days witii phosphorus and then rectified.— 2 Dry phosphorus is placed at the 
closed end of a ghiss tube ; a few huniis of mercuric chloride are placed iqion it ; the phos- 
phorus is gently hc.ited so that its vajiour may pass slowly over the mercuric cliloride, 
and the trichloride of phosphorus thereby qiroduced is collected in a cooled receiver and 
afternurds rectified 

Triehloi'ido of pho^horus is a thin, transparent, colourless liquid, of specific gravity 
1 fit (Pierre), 1 46 (Davy), boiling at 78° to 78 6° under apressure of 761 to 7C7 mm, 
(Dumas, Pi orre, Andrews), nt 73-8 under a pressure of 760 mm. (Bogn.iult, 
Jaliresb. 1803. p 70). Vapour-density = 470. calc (2 vols.) = 477, Latent 
heat of viipoim = 67-21 (Eegnault, Jahresb 1863,p 77) Tho tension of its vapour 
nt different temperatures is according to Eegnault (Jahresh. 1883, p 66) as follows • 
'IVinpera* Tension of Tempera- Tension of 

’ 0°C . , . 37-98 mm. +40°O . . . Sfl-irmm. 

+ 10 ... 62-88 60 . . 486 63 

20 ... 100 66 80 . . . 674 23 

30 ... 155-65 
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Triclilorido of phoiphoms seaTcely reddrns htmTi8-paj)or. It diaaolvM jihnsphorns, 
but quickly deposits it again in the amorpliona state, on exposure to the air. It ab- 
sorbs chlorine rapidly, forining the poiitiichlorule. mid oxygen, at the boiling heat, to 
form the oxyeliloride (Brodie). 1111100 heated in the flume of a spirit-lamp, it takes 
fire and burns u ith a bright phosphorous flame. Potassium burns brightly in its 
vapour , led-liot iion-fihngs decompose it, with formation of phosphide of iron and forrio 
chloride. Strong nitric or mtroiis aeid dccoraposoa it with violent exjjlosion. 
(PorsoK aud Bloch, Gompt. rend, xxviii 86 ) 

When poured into water, it sinks to tho bottom and decomposes, yielding hydrochlo- 
ric aud phosphorous acids : 

PGP + 3H»0 - 3JIC1 + PH>0» 

When exposed to moist am, it slowly decomposes in tho same munnor, giving off 
white pungent acid Tapours, and acquiring an acid reaction. 

With siilphgdi-ia acid it forms hydrochloric acid and trisulphido of phosphorus. 
(Serullas) : 

2P0P + SM =. 6HC1 + 

With phosphoretied hydrogen it forms hydrochloric acid and yellow phosphorus, 
which quickly turns red on exposure to light. 

With monatomic alcohols, tthos, and euids, it acts in the same manner as on water, 
producing a chloride of the alcohol-radicle or acid-radiclo and phosphorous acid or 
Buhydi'ide, the phosphorous acid sometimes acting further on the alcohol to form a 
phosphorous etlier (Biohamp, Compt. rend. xl. 944, xli. 23). Thus with ethglic 
alcohol it yields chloride of ethyl aud phosphorous acid or phosphorous etUor . 

3(C^H».H.O) + POP = 3C»H»01 + PH»0* 

and 3(C=II‘.H0) + PffO* = PCC^H^O’ + 3H^0. 


Anliydrous ether (othyho oxide or anhydride) does not act on the trichloride at ordi- 
nary temperatures, but when the two liquids are heated together to 180° — 200° in 
sealed tabes, chloride of ethyl and phosphorous anhydride are produced, the latter being 
pai'tly resolved by the heat into phosphoric anhydride aud reel phosphorus : 

S(C»H»)“0 + 2PCP - flC^H’Cl + I»0>. 

With acetic acid and anhydride it yields, under similar cireumstauces, ohlondo of 
acetyl and phosphorous acid or anhydride. 

Heated with tthylio acetate to 160° — 180° in a sealed tube, it yields chloride of acetyl, 
chloride of ethyl, aud phosphoric anhydride : 

3(02H»0.CW.0) + 2PCP - 3C»n|0Cl + 3C«H»C1 -I- 

Prom the ethers of tho glycoUio or lactic senes, it abstracts the elements of 

water, converting them into ethers of the acrylic senes, ’0'^, according to the 

general equation ; 

8CuH‘“ 0« + POP = + PffO* + 8HCL 

(Praukland and Bapps, p. 273.) 

Zinc-ethyl acts very violently on trichloride of phosphorus, producing triethyl- 
phosplnneand zino-ohlorido : 

2P0P + 3Zn"(C»ff)> = 3Zn''CP -b 2P(0"H«)". 

Similar products are obtained with zino-methyl and emc-amyl (Hofmann and 
Cahours). See Puosphobus-bases. 

Ammonia-gas is rapidly absorbed by the tnchlonde, forming, if rise of temperature 
be prevented by external cooling, a white muss which was formerly regarded ns a defi- 
nite ainmomo-tnchloride of xiho.sphorus, 6NH“.PCP, and was suppos^ to be lesolvecl 
by heat mto ammonia, hydrogen, phosphorus-vapour and a residue of diiiitride of plios- 
pliorus PH“ (see Chnclm’s Handbook, li. 481). But this ammomo-trichlorido has 
never been obtained pure, and its very existence is doubtful. The product of the re- 
actiou of ammonia on the trichloride appears indeed to consist mainly of a mixture of 
sal-ammomao and phosphoroso-triamide, formed according to the equation, PGP + 
6NH* ~ SKH'Gl + IPH'T, aud yielding, when ignited without access of air, a 
residue of phosphoroso-diamide and phosphoroBO-mouamide (p 499). 

Pentaoblorlde of Pbospborus or Pboepborlo Chloride. PGP. Perchlonde 
of PhosphoTits — This corapoimd is produced hy the action of chlorine in excess on 
pliospliorus or on the trichloride. — 1. Dry chlorine is missed m a rapid stream into a 
large retort or Woulffe’s bottle containing phosphorus, vrtuch must be kept cool at first, 
as otherwise tlie heat developed by tho reaction willcuiiso tho Iricbloride of phosphorus 
produced in tho first instance to distil oior. Afterwards, when tho absorption of the 
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eUormo becomes slower, the reaction may be assisted by a gentle heat. Amorphous 
phosphorus exposed in the state of powder to the action of a rapid sti'eam of ohlonue is 
nt once converted into the solid pentnchloride. 

2. Phosphorus is also rapidly converted into pentachloride when introduced into sul- 
phide of carbon provioiisly saturated with chlorine , and when chlorine is passed to 
saturation into a solution of phosphorus in aulphido of carbon, the liquid on cooling 
deposits tho pentachloride in ciystals This last method is now iniicli used for the 
preparation of tho eompovuid on tho largo scale; but according to Hugo Muller 
(Zoitschr. Oh, Pliarm 1862, p. 295), the pentachloride thus prepared almost always con- 
tains free phosphorus, especially when too strong a solution has been used, or the liquid 
has been too strongly cooled before the formation of tho pentachloride is complete. The 
impure product thus obtained has a dull waxy aspect, dilfeieut from the shining straw- 
yellow crystalline character of tho pure pentachloride, and changes more or loss, in course 
of time, into the liquid trichloride. Moreover, if the proportion of free phosphoins in it is 
large, it may become dangnrons, as the reaction between the free phosphorus and the peu- 
taoUoride may then be attended with a rise of temperature high enough to produce ex- 
plosion. The product is also liable to be contiiminatod witb a sflpbur-compoiind, 
resulting from the action of tho sulphide of carbon on the pentachloride. Hor these 
reasons Muller recommends the preparation of pentachloride of phosphorus from tho 
trichloride a.s follows 

8. A small quantity of flio trichloride is intiodueed into a wide-mouthed capacious 
ghiss vessel, closed by a perforated caoutchoiio plate through which the chlorine is in- 
troduoei A certain quantity of phosphorus is then dissolved in it , chlorine gas is 
passed into tho vessel till the whole of the phosphorus is converted into tricWoiide , n 
fresh portion of phosphorus is added, more chlorine passed into the vessel, and 
BO on till the necessary quantity of tricliloiido is obtained. This product is then con- 
verted into pentachlondo by prolonged oiposure to excess of chlorine. In this process 
tho trichloride nets ns a solvent of tho phosphorus in place of the sulphide of carbon 
used in tho ordinary mniiufacturiug process. If tho product obtained by either of tho 
above processes still retains traces of trichloride, it umy be purified by redistillation 
in a stream of ohlonne. 

PrnjinUei , — Pentachloride of phosphorus is n white, or more frequently a straw- 
yellow mass of more or less compact texture j it crystallises from fiision in prisms 
(Davy) Brodia hy passing ohlormo into a solution of phosphorus in sulphide of 
.carbon obtained it in distinct rhombic ciystals. It sublimes at 100® without previous 
fusion, hut under increased pressure it melts iit 148° and boils at a teiiiperafure a little 
above. The specific gravity of its vapour is, according toMitscherhch, 4-S6 at 18i)° ; 
aecordiug to Oah ours it varies from 6 078 at 182° to 8 666 at 886°. The last agrees 

nearly with a condonsation to 4 volumes, for ^ - x 0-0693 = 3'093. 

Probably a case of dissociation, 2 vols of the pentachloride splitting up when strously 
hcatedinto2Yol.s PCV,nnd2TolB.Cl. (Seen. 817.) 

Decompositions. — 1. Pentachloride of phosphorus hums in tho flame of a candle, and 
when its vapour mixed with oxifgai is passed through a red-hot tube, it hums, with 
fonnation of phosphoric anhjdnda and liborntion of chlorine, and according to Bau- 
drimont(E4p Cliim pure, 111, 114), with formation of oxyohlorido of phosphorus. 

2 Treated in hko moiiiier with hydiogen, it yields hydi’Oelilorie aoid, trichloride of 
phosplioma, free phosphorus, and phosphoretted hydrogen (Baudrimont, loo oi< ) 

3 It does not act on carbon or on hromiiio, but with iodine it forms pentachlondo 
of iodine, winch unites with the excess of the pentachloride, forming the compound 
PCIMCI. Tho same compound is formed by the iietiun of the pentachloride on triohloruie 
of iodine : PGP + ICl’ -■ PCP.Id + 01* ; also by the direct union of tho penta- 
ehloride of phosphonis with protoehloride of lodmc, or of trichloride of phosphorus with 
trichloride of iodine (Bun drimont, Bdp. Glum, pure, iv, 60.) 

4 Fused with sulphur, it yields sulphopcrchloride of phosphorus POPS’ or PGP.2SC1 
(Gl.idstoiie, Ghcm. Soe. ftu J. iii, 6). With sclemum, it forms tho compound P-’CP'Sa 
or2PCP,SeCP. (Baudrimont.) 

5, Heated with various meteds to 130°— 140°, it forms twehlondo of phosphorus and 
a metiilie chloride, which generally unites with tho excels of pentachloride, forming a 
doiiblo chloride; such is the ease with (duminium, bismuth, iron, tin, and perhaps also 
with zinc and copper. Gold and more particularly plaiinum are easily attacked by the 
pentachloride, the latter yielding the aubUmable cpmpound 2PCP PtCP. Antrmoni/ is 
the most easily attacked of all metals hy phosphoric chloride. If the metals are heated 
to redness, a much moro violent action takes place, phosphorus being set free, and a 
inetaUic phosphide sometimes formed (Baudrimont). Potassium heated in its 
vapour hums with n brilliant light. 
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6. PeiitacUonda of plioaphorus hoiitod with a small quantity of imter, or axposecl to 
moist air, in which ease it gives off a largo quantity of intensely pungent acid fnroes, 
is resolved into hydroehlorio acid and oxychloride of phosphorus ; with a larger quan- 
tity of water it yields hydcoohlorio and phosphoric acids . 

PCi» + H»0 = pool” + 2HGL 
and PCI” + 4H»0 = PH»0‘ + 6HCL 

7. Sulphydno aoid in liko manner converts it into hydrochloric acid and sulphoehlo- 
ride of phosphorus : 

pa* + H's - psoi* + 2Ha 

8. By alcohols and acids it is decomposed in the same manner as by water, yielding 
hyi'ochloric acid, a chloride of the alcoholic or acid radicle, and oxychloride of phos- 
phorus, or phosphoric acid, according to the proportions of tha acting aubstanesa, the 
phosphoric acid thus formed acting further on the alcohol to produce a phosphoric 
other , thus with amyhc alcohol; 

C*H"HO + PCI* =. C*H"01 + Ha + pool*. 

Aniyllo alcohol. Chloriae ot 

amyl. 

and 9(C*H''.HO) + 2PC1* = 6C*H'>C1 + 6HC1 + 2|;iO«H")*HPO‘] + H*0 

Amyllo alcohol. Ohloriaeof Ulamyllo phoapbato. 

C*H<0* + PCI* =1 O’H’OCl + Ha + POCl*. 

Acetto Chlorlda of 


add. anhjdnde 

C<H‘0* + PCI* = aH‘0*Cl* + POCl*. 

anhydride. Sucemyl 

Ankmonto acid and imic acid are also dohydr.atcd by it, yielding tho c< 


mixture be well cooled a blood-red liqiud is obtained which yields by distillation 


and ohlorliydrosulphurio 
so-called ehloiosulphurio i 


1“ (WiUiamson, Ghem. Soe, Qu. J. vii. 186): 


"With sulphuric anhydride, the products are also phosphonc oxyoWorido and chloride 
of sulphuryl: 

SO* + POl* -= pool’ + SO’Ol’. 


With sulphurous anhydnds in hte manner chloride of thienyl, (30)"C1’, is produced 
On phosphoric anhydride, the pontaeHoride does not act in the cold, but when heated 
It acts easily, forming phosphonc oxychloride. Glacial and syrupy phosphoric acid 
are but shghtly acted upon by It even when heated. (Schiff.) 

9. Manj mctalba oxides and salts are readily decomposed by ignition in tho vapour 
of phosphoric chloride, yielding phosphoric oxychloride and a metallic chloride or 
oxychloride. Such is the case with the oxides oj cadmaim, manganese, cobalt, and 
chromium, the last yieldmg a violet sublimate of chromic chloride. Fenic osade and 
alumina yield shghtly volatile buhhmates consisting of the double chlorides Fed* PCI* 
and AlOl’.PCl’, respectively. Tho minerals of the spind group, when finely pulverised 
and treated in like manner are also decomposed with more or less facility, chrome-iron 

VoL. IV. ‘ L L 
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and frmMmite yielding distilUtea eontiuning feme chloride, spinel jdelding 
cldoi’ido of alnminium. Tiianate of %rcm yielda a hrown suhlinmte and a distillate 
containing the eliloridea of iron and titanium. Piiiely pulvenacd sihca yields a 
fuming distillate which is decomposed hy water, with tormatiou of gelatinous silica ; 
filspar and garnet yield similar diatillalcs cuntiimmg also chloride of alumi- 
nium. Tungstic and molgbdu: anhi/diiJcs are decomposed in a similar manner 
(Wobor, Pogg Ann cTii. 376, Juliresb. 186‘J, p 79). Tungstic anhgdnde hooted with 
neutaehlorido of phosphorus yields a red-brown liquid, which when distilled gives off 
phosphoric oxychloiudo and leaves a siihstance, probably (WO’)"CP, which sublimes 
ni yellow-red v.ipours On vwlgbdw aiihiidnde the chloride acts mors violently, the 
mixture giving off thiet white and red vapours, and leaviiig a thick oily liquid which 
yielda by distillation, first phosphoric oxychloride, then molyhdic oxychloride, than, 
probably in eonseqnenee of a secondary reaction, a rod woolly sublimate of molybdio 
diehloiido (Schiff). Arsenious anhydride is easily decomposed by pentaoblorida of 
phosphorus, yielding phosphoric oxychloride and trichloride of arsenic ; arsenic anhy- 
dride yielda the same products, with evolution of chlorine (Hnrtzig and Geuther, 
Jahiesb. 1867, p. 186) 

Ab“ 0» -h 3PC1' = 3P0C1* -e 3AsCl» 

Ab» 0» -t 6PG1» ~ 6P0Gl‘ + 2AsOP CP. 

Chloride of chromyl (chlorochromio acid), CrO'CP, gently heated with phosphone 
chloride yields a hrown mass , at a stronger he.it, phosphoric oxychloride and free 
clilormo are given off, and there remains a blue powder contaiumg eliromie and phos- 
phoric chlorides, and converted at a red heat into violet oliromio chloride : 

SCrO'OP -e 4PCP = IPOCP + 2CrCl’ + 3 Off 

(■Weber: see also Schiff, J.ihresh. 1867, p 107) Tone anhydride is hut very 
slightly decomposed by ignition in the vapour of phosphoric chloride , iodic anhydride 
very easily ('W’ ebor) ifitiate of silvet and chloiute of potassium are decomposed by 

e ioric chloride at ordinary temperatures ; tungstate of i> on (wolfram), sulpliaie of 
I, phosphate of sodium and other salts at a red heat (W eh er). The decompo- 
sition of ehioi ale of potasnmn is represented by the equation . 

” K010» + 3PCff = 3POC1" + KOI + 30ff. 

Sometimes also a detonating gas (hypochlorous anhydride or ohlorie peroxide) is 
evolved, probably from the action of hydrochloric acid resulting ffom the presence of 
moisture (Baudrimont) According to , Schiff (Ann Oh. Pharm, cm. 116) a dark 
yellow g(t» is given off, which m.iy be heated without exploding, and when passed into 
dilute potash-solution, forms chloride, hypochlorite nod chlorate of potassium, 

10 Metalho sidphides heated in the vapour of pentaehloride of phosphorus, are de- 
ooinposod like the oxides, yielding metallic chloride and sulphoehloride of phosphorus, 
PSCff, but generally with greater fiioility than the oxides, and sometimes with ipcan- 
' deseenoe. Iron pyrites, stnc-hlende, sulphide of hisinuth, realgar, native stilphirU of 
antimony, and galena, are easily and completely decomposed, the last with inoaiides- 
cenoa and formation of a brown-red product, probably a sulphoeliloride of lead , arseni- 
cal pynifs, smaliine, cobalt-spass, and icd stleer ore are likemse easily decomposed 
Si'leiude qf lead yields chloride of lead and a reddish seloniferoiis liquid probably con- 
tiiniing seleniochloride of phosplioms Jtetalhc aiscaiifes, such us arsenical iron and 
o'" ^ ’attacked by penUchloride of phosphorus (Weber, ioe mt.) 

■ ' ■ tttsaimii gently heated with peiitacliloride of phosphorus 

„ u ' ' 3'anogen, sulphoehloride of jihosphonis, and chloride of po- 

tassium ; 

KCyS + PCff = CyCl + KOI -t PSCff 

A small quantity of chloride of sulphur is likewise formed. At a higher temperature 
larger quantities of chloride of sulphur diatd. over, together with ti'ichluride of 
phosphorus and solid chloride of cyanogen; and a reddish-yellow residue is left, from 
which water extracts chloride of potassium, leaving sulphur and yellow decomposition- 
products of potassio snlphocyanate. The first reaction is probably ; 

6KCy,S + 2PCff = 2Cy»Cl» + S’Cff + 2KC1 + 2K'S‘' + P» 

the free phosphorus and the disulphide of potassium afterwards acting on fresh portions 
of the penlaohlorida, ax follows : . 

P’ -h 3POff = 6PCff; 

K*S» -t PCff =. PSCff + 2K01 + S. 

The yellow products above mentioned probably arise from another mode of deoompo- 
Mtion of the snlphocyanate, produced sunultaneously by the heat. (Schiff, Ann. Oh. 
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With phoephoretted hydrogen pcntaoliloriflo of phospliorns forms hydrochloric acid 
and triehlorido of phosphorus, or Iroe phosphorus, aecordiug to the proportions : 

3PCI“ r PH“ = 3HC1 + 4PC1* 

3PGP + fiPH" = 16HC1 + P“. 

12. Pentachloride of phosphorus rapidly absorbs Wff, forming sal-ammoniac, 

the so-called chlorophosphamide (p. 408), ehloronitrido of pho.sphorus, and perhaps 
other products : 

PCI’ + 4NH« =. N»H‘PG1’ + 2NH’01, 

and PCI* + 4NH’ = PNCP + SNH’Cl. 

of plmsiihorus. 

It was formerly supposed also that a compouad of ammonia with the pentacldorids 
was formed; but tins does not appear to bo the case (See Gmehn’s Handbook, 
11. 482.) 

13. Amides aje deeorapoEed by pentachloride of phosphorus in various ways. Aceta- 

imde acts very violently on the poiitaehloride, and on distilling the product, a con- 
siderable quantity of carbonaceous matter is left, while a compound of acetonitrile 
with tnchloiude nf phosphorus, CWN.PCP, passes over (Henke, Ann. Ch. Pharm. 
cvi. 272). yields in like manner tho compound, CH’N PGP (Henke) ; 

or according to Oahours (Compt. rend lucv. 326), butyionitrile, oxychloride of 
phosphorus, and hydrochloric acid : 

C’H’HO + PCI’ = C'H’N + POOP + 2HCL 
JSensamide yields in like manner, nccordinc to Henke, benzonitrile, C’H’N, oxychloride of 
phosphorus, and hydrochloric acid, according to Gerhai'dt, the first products of the re- 
action arc oxychloride of phosphorus, and the compound C’H’NGP : 

O’H’NO + PCI’ = POCl» + C’H’NCl’; 
the latter being subsequently resolved into HCl and C’H’NCl, which when heated is 
fiirther resolvSd into HCl and O’H’K (^benzonitrile). Sulpbophmylamido (or sulph- 
phenylavno aoid), C’H’SO’H, heated wim pentachloride of pliosphorus yields sulphiphe- 
nylio ehloronitrido (Qerhardt’s chloride of sulphophenylnmidyl) , according to the 
equation : 

(SO)" Ig + POP = HCl + POCl* + (SO)"|gj, 

Sulphiphenflamlc Suljililplwiijlio 

‘ Benzosidplinphinylamide yields in like manner benzosnlphiphenylic ehloronitrido : 

(s|)"|o + ^ci’ = HCl + POOP + 

(Gerhardt, Ann. Cli. Pharm. oviii. 214; compare Fittig, ibid cvi. 277; Jaliresb. 
1868, pp. 314—320.) 

Compounds of Pentachloride (tf Phosphonts with other Chlorides. 

These compounds are obtained either by direct combination of their proximate 
constituents, or by the action of various elementary bodies onpentachlondeof phosphorus 
(p 612). They are aU less volatile than the latter, and may bo freed from excess of 
it by heating for ten to twenty hours to 160° — 180°, and further purified by aubliraa- 

tion at a hi^er temperature They are all solid, volatile, feme m tho am, and are de- 

composed by water, in some eases with nso of temperature, (Baudrimont, Compt. 
rend. Iv. 361 ; Ann. Ch. Phys [4] ii. 5 ) 

lodophusphono chloride, PICl’ = PCl’.ICl, is obtained by the action of iodine on the 
pentachloride ; also by direct combmation of its component chlorides, or of trichloride 
of phosphorus with ti'ichlorido of iodine ; or by the action of trichloride of iodine on 
pentachloride of phosphorus • 

. PCI’ + ICl’ = PIG1» + CP. 

It is orange-yeUow, and may be obtained by distillation in beautifbl needles which 
qmckly absorb moisture and deliquesce to n corrosive liquid 

Stlemo.phosphonc oMonde, P’SeOi*’ = 2PCI’.SeCl*, obtamed by dmoct combination 
is oranga-ypUow, boils at 220°, and acqaires a transient red colom- when heated till it 
volabUses. 

Alumino-phosphono chloride, PAlOl’ «= PCI’ Aid’. — This compound, first obtained 
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by Wfiber (Pogg. Ann. cvii 375), ia produced by direefc combination, by heating 
finely divided alumina in the vapour of phoanhoric chloride CWeber), or by the 
action of aluminium on that compound (JBaudrimont) It is white, easily fusible, 
Bolidifles in tlie orystalhuo form on cooling , ia much less volatile than eitlier of the 
component cWoridea CWeberl, boils above 100° (Baudrimont). It is decomposed 
by pboaphoriis, with formation of trichloride of phospliorns; forms a dark red-brown 
mass when heated with sulphur , and when boated with chloride of potassium, gives 
off peutuchloride of phosphorus, aud is converted into chloride of aluminium and 
potassium. 

Fen tco-p7ios])fiom chloride, PPeCl* ■= PCl*,Fe"'01'', obtained by similar processes 
IS brown, easily fusible, less volatile than either of the component chlorides (W eb er) ; 
melts at 98° and boils above 280°. (Baudrimont ) 

Mereunco-^hosphono chloride, PHg'Cl" = PCl‘3Hg"OF, forms easily fusible 
needles volatilising at about 200°, and decomposmg when suddenly heated. (Bau- 
drimont) 

Platinico-phosphorio chlonde,'S^tCjl'* “■ 2PCl“Pt'iCP, obtained by the action of 
platinum on tlia penta chloride, is an amorphous oehre-brown muss, which volatilises 
■with partial decomposition at temperatimos above .800°. (Baudrim ont ) 

Btannioo-phoaphork clUonde, PSnCl’ = PCI" Sn'''01', produced by direct combination 
or by gently heating the compound, aSCP.SnCl* with trichlonde of’ phosphorus in a 
current of dry hydrochloric acid gas . 

2SCl*SnCl' + 3PC1* = PClhSn'iOl* + 2P01* + S^CF; 


also hy heating tho same compound with pentachlorido of phosphorus in a stream of 
cliloriiie (Cass elm aim, Ann Ch. Pliiiriii. Ixxsiii 267, Jalu-osb 1852, p. 393). It 
Euhliines in brilliant colourless needle-shaped crystals, 'which soon crumble to an amor- 
phous powder even in closed vessels (Casselmaun). Molts at 220°, and volatilises with 
partial decomposition. (Baudrimont.) 


FHOSPKORTTS, CBHORon-lTRIDB OP. P’N'Ol”. Ohlorophosvhuret of 
Ifhtroyen — This compound was discovei-ed byWdhlerandLiebig (Ann Ch, Pharm. 
XI 146), who assigned to it the formula P’N'OP. It was fuithor examined by 
Q-ladstone (Chem. Soc Qii J in 185), whose analyses appeared to confirm this 
formula. LauronthowcverfCompt cliim, 1850, p 387), suggested that the true for- 
mula of the compound was PNCF, derived from that of pontaobloride of phosphorus 
by the substitutiou of 1 at nitrogen for 3 at hydrogen , and the correctness of tbs 
formula has been established by the recent analyses of Gladstone and Holmes 
(Chem Soc J. xvii. 226), who have Iiowever shown that it must be tripled in accord- 
ance with the observed vapour-density. 

Formation, — ^By the action of pentacliloride of phosphorus on ammonia, chloride of 
ammonium (Wohler andLiebig), or chloride of dimerourammoninm (white precipi- 
tate). (Qladstono and Holmes.) 

Preparation , — 1 Pentacliloride of phosphorus is satur.ited with dry ammoniaoal gas, 
and the white mass produced is distilled with water. The crystals which condense in the 
water contained in the receiver arc then collected on a filter, wiislied, dried, and purified 
by solution in hot ethor and recrystulh.s.ition (Wohler and Liebig) — 2 Penta- 
chloride of phosphorus is placed at tlie'elosed end of a glass tube three feet long, and 
at a short distance from it, long pieces of .sal-ammoniac are introduced, in such quan- 
tity that tho tube may be half tilled with tliem. The tube is then laid horizoutiilly m 
a long furnace, similar to that used for organic analysis, and the sal-amiiioniao 
boated till it begins to volatilise ; a gentle heat la then applied to the chloride of plioa- 
phonis, so that its vapour may slowly pass over the sal-ummomac, and be completely 
decomposed. A large quantify of hydrochloric acid gas is evolved, and tho cool part 
of the tube becomes filled with erystula of chlorointride of phosphorus. This portion 
of the tube is broken off, and freed from sal-ammoniac by slightly washing it with 
water, and the compound is finally purified ■with ether (W oliler and Liebigl_3 An 
intinmte mixture of white precipitate and peutacUloride of phosphorus is gently heated 
in a flask, whereupon a brisk action ensues, and ehloronitrido of phosphorus is formed, 
together with chlorophosphamide, mercurio chloride, and sal-ammoniac The product 
IS treated inth water which dissolves out the two latter substances, and from the residue 
when dry the chloronitride maybe extracted by means of ether, chloroform, or sulphide 
of carbon. Tins method ia easier of execution than the preceding, but not more pro- 
ductive. (Gladstone and Holmes). ^ ^ 

PVi^er/ies , — Chloronitride of phosphorus separate!, from either of the solvents just 
mentioned in crystals belonging to the trimetnc system.* Spooifio gravity = 1-98 , 
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small crj slals or a film of the melted suhslance float however on water, donhtlpBs from 
ita inahihty to ho wetted. Its spoeifie refractive enei^ (i.e. refractafp Indi ^ 
observatiou 0 318; hy ciileulation from the specific refractive energies of its constituents 
(plioaphorua O'o3, nitiogon 0 238, chlorine 0 242) it is 0-332 tGlndstone and 
Holmna). It melts at about 110“ to a clear Inpud uliich boils at 240°; it volatilises 
slowly at ocdiiiavy temperatures, and when he.ited guts off a dense vapour Inning a 
peculiar odour (G-ladstouo). It gives hy analysis 25 90— 28‘44p8r ceut. phospliorus, 
11'73 nitrogen, and GO‘72 — 61-15 clilorina (Gladstone and Holmes), agreeing 
nearly with the formula PNCF, which requires 26 72 phosphorus, 12-07 nitrogen, and 
61'21 chlorine. The vapour-density (mean of two determinations) =• 12'21; whence 
the true formida of the compound is PW01“. which, for a condcnsatiou to 2 volumes, 
gives for the calculated density the numher 12 10 

Oliloronitrido of phosphorus is insoluble in w.iter, which moreover does not easily 
wet it, easily soluble in (tkohol, ttkir, ckhrofvrm, svlphide of carbon, bencfne, ml of 
turpentine and other hydrocarbons. It is not decomposed hy .snhliniation in hydrogen 
or Bulphydrio acid gas , or when heated with iodine (Gladstone) When ignited 
with oxide of coppir, it yielde nitrogen g.is and nitnc peroxide Its vapour passed 
over red-hot iron, yields nitrogen gaa, and a eryst.illiuo mass consisting of chloride and 
pliospluda of iron (Wohler and Liebig). Heated with stiver, it yields cWovkIo of 
silver, anotlier siiver-salt insolnble in nitrio acid, .ind ammonia; it is decomposed in ii 
similar manner hy silver when dissolved in ether, the solution acquiring nn acid 
reaction Its alcoholic solution mixed with nitrate of eilver, yields a precipitate of 
silver-chloride. According to Wohler and Liebig, it is not attacked hy siilpburie, hy- 
droelilorio, or nitric acid, even when heated ; according to Gladstone, the crystallised 
substanco is ntt.iekcd only hy hut fuming nitric acid, aud more easily when dissolved in 
alcohol or ether 

When treated in alcoholic solution with anmoonia or potash, it is immediately con- 
verted into pyrophosphodiamic acid(y. ti.) (Gladstone and Holmes). 

2r'N*01« + 16H'0 = 3P-N‘E«0* + 12HC1. 

CtilorniiUri.lo rjri, plies- 

orpliuspkorut, pbiiillainlii 

l>KOSPaOBVS, CBI.OBOSVX.PBIDE OT. See PilosPHOBUS, Sulphoohio- 


EBOSEUOBTJS, CS-AiriSES OP. Kemp found that cyanogen liquefied by 
strong pressure is c.apiible of dissolving phosphorus, and Ccnedella (Aim. Gh. 
Pharm xviii 7 9), by lie.iting 5 grains of phosphonis with 21) grains of mercuric cyanide, 
ohtainod (unless it dangerous explosion took pl.iee) a w-hite sublimate which had a very 
pungent odour of phosphorus and cyanogoii, and dissolved in water with ebullition 
and separation of pliosphoms, forming a solution of phosphoric acid, with ti-aoes of 
hydi'QOyamo acid (Giiuhii’s Handhool, nil 147) Neither of these products, however, 
appears to h.ivo jmssessed any definite character, and the only known definite cyanide 
of phosphorus yet ohtiiined is that which corresponds to the trichloride. 

Trfcyanlde of Pbospborus or Pbospborous Cyanide, PCN* or PCy* 
(Hubner and Wehrhaue, Ann. Oh. Pliarm, cxxnu. 254; oixxii. 277). — ^Thia com- 
pound is produced . 1. By heating cyanide of silver with trichloride of phosphonis in 
a sealed tube : 

PGP + 3AgCy - PCy* + SAgffl. 

2. Together with chloride of cyanogen and chloride of silver, hy heating cyanide of 
silver with a solution of pentachlonde of phosphorus in sulphide of carhou . 

POP -t- 4AgCy Pqy* + CyCl + 4AgGl 


It is not formed hy he.nting other metallic cyanides or hydrocyanic acid with trichloride 
of phosphorus, or hy mixing phosphorus vapour with cyanogen gas or vapour of 
chloride of cyanogen. 

PrcparmlioK.— Cyanide of silver is thoroughly moistened in a strong tube, which is 



' phosphorus , the tube is sealed and heated to 130° — 140° 
product is then warmed to drive off the excess of the tn- 
idue IS heated to 130° — 140°, or at most to 180°, in a 
ted upwards (beat in a slow stream of carhome anhydride) 
t is then closed air-tight and left to cool, and the crystals 
omovedfrom the neck hy a glass rod, 20 to 25 grammas of 
■8 grammes cyanide of phosphorus 

if phosphorus forms long white needles or thick plates, 
; touched with a warm glass rod, and gradually disintegrate 
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in contact -ffitli moist nir, witli separation of phosplionie, formation of pliosphorous acid 
and erolution of hydrocyanic acid. It melts between 200° and 203°, and remains 
liquid for some time after fusion, Init Bohdifies on being touched with a solid body. It 
lioila at a few degrees^ above its molting point. It is but slightly soluble in ether, 
cMarofann, sulplude o/oarhon or iricilonde of p/toi,ptorus, more easily however near 
its molting point In contact with mier, it is r.ipi(lly decomposed, yielding hyio- 
ayaiuc and phosphorous acids. With eih/tia or amylio alcohut, it produces the eorre- 
Bpondmg phosphorous ether, together with a large quantity of hydrooyonio acid and a 
feud body, the sumo apparently as that which is formed in the preparation of cyanide 
of ethyl (li 211) Amivs aetd acts on phosphorous cyanide with great violence, often 
producing separation of carbon. With valenamo asid it forms hydvocyamc acid, phos. 
pliorouB acid and an oily body oxUibiting the reactions of oyamdo of viileryl, Qhlarida 
of antyl acta upon it at 100°, but the reaction does not yield any easily separable 
products It is not acted upon by dry ammonia gas at ordinary temperatures, but 
VFben heated lu that gas, it is converted into a black mass insoluble in water. 

FKOSPaORVS, SEXSCXIOKT AND ESXIMAXIOM OX. Phosphorus, as 
already observed, oeenrs in nature most fiequently in the form ofaphosphate. Tho 
reactions of these salts, and tho methods of eatnnatiBg the pliospborio acid or tho 
phosphorus contained in thorn wdl ho given hereafter (see Phosphohus, Oxvoen- 

In the lower oxygen-compounds of photyhorus, namely the phosphites and hypo- 
phosphites, the phosphorus is determined by converting them into phosphates by 
oxidation witb nitnc acid, or better with hydrochloric tveid and chlorate of potassium, 
or by their reducing action on B,alts of gold or mercury. 

Tho chlorides of phosphorus are analysed hy decomposing them with water or 
witli alkaline solutions, wlicreby they arc conveitod into hydi'oSlorio acid, and phos- 
phorous or phosphoric acid, according aa tho compound operated on is a tri- or ponta- 
cbloride In the latter case, tho phosphorus may ho immediately precipitated as 
ammonio-magnesian phosphate , m the former it must first be brought to the state of 
phosphoric acid hy oxidation with nitric aad The ehloriae may be determined by 
precipitation with nitrate of silver Tho same method serves for tho analysis of tho 
bromides, iodides, and cyanide of phosphorus 

Tho sulphides of phosphorus may be docoinposed by fusion with nitre and oarho- 
nato of Bodiuin, or by troutment with hydrochloric acid and chlorate of potassium In 
either ease, the phosphorus is converted into phosphoric acid, the sulphur into suiphurio 
acid, and tho former may bo piecipitated by solution of magnesia and ammonia, the 
latter as a bavinm-salt. 


The same method is applicable to tho selouides of phosphorus. 

The nitvogen-compouuda of phosphorus, viz. tUephosphamides and phos- 
phemic acids, are decomposed by the action of alkalis, tUs phosphorus being thereby 
converted into a adt of phosphoric acid Ohloronitride of phosphorusis 
decomposed by treating its nleoholio Bolution with ammonia, whereby it is converted 
into olilonde and pyrophospUodiamate of ammonium (p. 517). The ohlorine is then 
thrown down by nitrate of silver in presence of nitric acid, and the pyrophospiodianue 
acid IS converted into phosphoric aeid by boding its Bolution for some time with hv- 
drochloric acid ((iladstone and Holmes ) 

The phosphorus in organic compounds is converted into phosphoric acid, either 
by fusion with nitre and earbonato of sodium, or by Canus’s method of heating with 
intnc acid m sealed tubes (see Asanysis, Organic, i 248). Many nnimid and vegetable 
substances eontuin phosphoraa, partly as phosphoric aeid, partly m combination with 
the organic matter. To estimate the quantities of phosphorus exiatmg iu these two 
stales, a known vvoight of the compotmd is boded with bydrocblorio acid, which dis- 
solves the phosiihute present, and possibly another portion or even the whole of the 
compound, though that is seldom the ease. The Uquid is then filtered and the phos- 
phoric acid precipitated as ammonio-magnesian phosphate Another portion of tho 
compound IS oxidised by one of the methods above mentioned, and the phosphoric acid 
determined m like manner. If the quantities of phosphoric acid obtained w the two 
eases are equal, it may be concluded that all the phosphorus in the origimil compound 
vvaain the torm of phosphoric aeid, if on the other baud the oxidised portion isWd 
to yield a linger quantity of phosphonc acid, the quantity of phosphorus existing m the 
non -oxidised condition may be calcnlated from the difference. ° 

, Gaseous compounds of phosphorus and Jiydrogan are analysed by patsing them 
8"“"% of sulphide or chloride of copper, 
nielcel, cobalt, or iron, of faown composition, kept at a moderate heat in a bulb-tube 
.fil! completely converted into phosphide, mid the sulphur or ehlonne 

balb-tube containing the metallio 
cliioride or sulphide is weighed, fli-st empty, then with the olilonde or sAphide in it 
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and lastly at tlie completion of tlia experiment Tho composition of the chloride or 
aulplnde used being previously known, the quantity of metal contained in it ia also 
known nml the excess of weight of the raetnllic phosphide over this gives the quantity 
of phosphorus in the gas To determine the quantity of hydrogen that was m coinlji- 
natiun with it, the sidphur or chlorine that has united with this hjdiogeii must be 
collected luid estimated. When a sulphide is used, the sulpliydric acid piodneed may 
be passed into a solution of lead or copper, the pTCcipit.ited sulphide oxidised by nitric 
ncul, and the sulphur precipitated us aiilphato of barium (see SutPHUu). If the 
original nictallii! eompoimd was a chloride, the hydrochloric, acid which passes off is 
passed into dilute ammonia, the rosiiltiiig solution neutralised with iiilrio acid, and the 
chloruio precipitiited by lutrato of silver. The quantity of sulphur or chlorma which 
has been expelled as a hydrogen-compound being thus known, the quantify of hydrogen 
which has entered into combination with it, which is the same as that origmiilly com- 
bined with the phosphorus, ia easily calculated This method gives trustworthy results 
even when the phospiiorctted hydrogen gas is mixed with a considerable quantity of 
free hydiogon , for tlie sulphides of the metals above meutioned are not decomposed 
by free hydrogen, oven at high temperatures; neither are their chlorides decomposed 
by that gas at the temperatui-o required for the decomposition of the pliosplioretted 
liydi'ogen, espeoinlly in picsence of an excess of the hitter. The sulphides, however, 
give for the most part more ex.ict results than the chlorides. 

To determine the total amount of hydrogen as well as of phosphorus in a mixture 
of pliosplioretted hydrogen and five hydrogen, the gas, after being thoroughly dried, is 
p.iased, tliroiigh a tube containing wry finely divided metallic copper lie.ited to redness. 
Tlie phosphorus then unites with tire copper, and the hydrogen thus liberated, together 
inth that originally existing in the free state, passes info .i second tuba eontamiiig oxide 
of copper likewise heated to redness, whereby the hydrogen vs converted into vapour of 
water, which passes on and is collected m a third tube contuimng dry chloride of calcium. 
The increase of weight of tile first tube, after “ ' autity of phos- 

phoisis, and the iiioioase of weight of the thir< i ’ water formed, 

wheiicothe total quantity of hyniogen isdetc i , t relative quan- 

tities of free hj dregen and phospiiorctted hydrogen, PH’, in the gas may be found. 
For other methods see H Rose. {Tratti do Chmie Anali/tique, ii 1172.) 

Metallic phosphides are analysed by dissohing them m nitric acid, nitro-muri- 
atio acid, or a mixturo of hydrochloric acid and chloiiito of potassium The phosphorus 
18 thereby completely converted into phosphoric iioid, the metal being for the most 
part dissolved at the same time. The metal may then bo precipitated from the solution 
by sulpliydric ncid or sulphide of ammonium (after the excess of mtvic acid has been driven 
off or nearly neutralised), and from the flltoto the phospliorie acid may be precipitated 
as ammoiiio-magiiesiaii phosphate If pure mtrio acid 1ms been used to dissolve the 
compound, the solution may be ovaporutcil to dryness, tho ealeiued residue decomposed 
by fusion with an alkaline enrboimla, the fused mass digested woth water, and tho phos- 
phoric acid precipitated from the filtered alk.iliiie solution as above The phosphide 
may also ))e decomposed at once by fusion with fom‘ or five tunes its weight of a 
mixture of nitre and alkaline cai-bonate. 

Most metallic phosphides are insoluble in hydrochloric acid, even when heated. 
Nevertheless when a veiy small quantity of phosphorus is associated with a large quan- 
tity of iron, as in many kinds of plg-iron, the whole dissolves in hydrochloric or dilute 
sulphurie acid, the phosphorus passing into solution as phosphoric acid. (For the 
methods of estimating phosphorus ui pig-iron, see lii 373.) 

Testing for free Phosphorus — The properties and reactions of phosphorus in the free 
state have been already described Ordinary pibosphoms is espeemlly distinguished by 
Its ready inflammability, the bright flame and dense white fumes of plioaphorle anhy- 
dride pioduced by its rapid combustion, and by the peculiar odour and luminosity 
in the dark resulting from its slow combustion at ordinary temperature,s Oils and 
fatty substances mixed with finely divided phosphorus likewise sliiue in the dark with 
a greenish-white light Small quantities of phosphorus in the statu of vaponr or mc- 
clianic.illy auspoudecl particles, impart a peeuhar groemsh colour to tho fl.imo of hydro- 
gen and other combustible gases. 

When the quantity of free phosphorus mixed with any substance is too smaE to pro- 
duce luminosity, it might be detected by oxidising it to phosphoric iicid by means of 
nitric acid or hydrochloric acid and chlorate of potassium, and testing for phosphoric 
acid byihe usual methods But wlien phpspliorus has to be searched for in cases of 
poisoning, this method is of no value for phosphoric acid is contained in most of tho 
tissues and fluids of the animal body, and in the majority of substances which are used 
as food To obtain the reactions of this acid in the subst.inco under examination, 
affords therefore no proof that phospiliorub has been administered , the only satisfactory 
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Bvidence of saeli adniimstration is to produce tlie pliospliores in the free state, or at 
least to exhibit its Innnnosity. 

Tlie process generallynsed for this purpose isthot devised hyMitaohorlich (J. pr. 
Cliem. bcvi, 238 ; Jahresb J865, p 779) The suspected substance is distillod with 
water and sulphuric acid in a flask fitted up with a dolireiy-tuhe bout twice at right 
angles and dipping into a receiver containing water, which must be kept cool, for gases 
ami vapours containing feee phosphorus do not exhibit luminosity when their temper- 
ature is rinsed above n certain point. The distillation is performed in the dark. As 
soon as the vaponrs amve in the cool part of the tube, a continual phosphorescent light 
is observed therein, generally in the form of a shining ring ; at the same time glohulos 
of pliosphonis are deposited in the receiver In this manner 1 pt, of phosphorus may 
he detected in 100,090 pts. of substance. The luminosity of phosphorus is however 
prevented by the presence of certain volatile substances, among others by ether, alcohol, 
oil uf turpentine and ammoma. Ether and aleoliol being very volatile, quickly pass 
off at the commencement of tlie distillation, so that their disturbing influence is soon 
eliminated ; oil of turpentine, on the contrary, would prevent the phosphorescent appear- 
ance during the whole of the distillation , hut this substance is not likely to be present in 
matters which heeome the subject of medico-legal investigations. Ammoma if present 
will he retained by the sulphuric acid in the flask. 

Soheror (Ann. Ch. Pharm. exh 214), modifies the preceding process by filling tlie 
apparatus before commencing the distillation, with carbonic acid gas, which is easily 
otFceted by throwing a few lumps of challc into tlie flask containing the acid liquid 
Tlie phosphoresconce in the tube is then seen just as before (the oxygen being of course 
nut completely expelled), hut the eouveraion of thaphosphorua into phosphorous acid is 
in a groat mc.i8ur6 prevented, so that a hirgcr portion of it is collected m the free state. 
The w.Uer in the condensing vessel shines strongly when agitated in the dark, and 
gives a blackish precipitate with nitrate of silver. 

Small quantities of jiliosphorns diffused through organic matter may he collected 
and iippro.ximately estimated by means of sulphur. The suhst.inoe under examination 
is mixed m a tubulated retort with dilute snlphnrio acid, a few pieces of sulphur are 
added, and the whole is distilled for about half an hour The distillate feequently 
eontains small quantities of phosphorous and phosphoric acids formed by oxidation of 
the uhosphorus vapours. It may bo treated with nitric acid in order to convert the 
■whole of the phosphorus into phosphoric acid, and the quantity then determined •liy 
precipitation as ammoiuo-magnesian phosphate. 

The residue in the retort is removedafler cooling and the lumps of sulphur are picked 
out and washed. They contain all the free phosphorus m the original substance which 
h.is not passed over into the distillate. If the pboaphorus is in excess, its combination 
•with sulphur is liquid even after complete cooling, in the contrary case, the compound 
when cold is a soft, plastic, crystalline mass' If the sulphur contains only 2 per cent, 
of phospliorus, it may stiU ftiine on exposure to the air even after drying, and turns 
black when moistened with silver-solution ; the latter effect is produced indeed oven 
when the proportion of phosphorus in the sulphur does not exceed 1 per cent. TIio 
phosphorised sulphur also Uiiues in the dark when heated to 100“. By digeshng it 
with mtrio acid, the phosphorus contained m it is easily converted into phosphoric 
acid, which may then he pieeipitatod as above. (Lipowitz, Pogg. Ann. xo. 600; 
Jahresh 1863, p 641.) 

_ Dusart (Compt rend, xlm 1126; .Tahresh. 1866, p. 724) employs for the detec- 
tion ofsm.ill quantities of phosphorus, tlie production of phosphorotted hydi'ogen 'whioli 
takes place when the substance eontaimng the phosphorus is oxpo.sed to the action of 
nascent hyihogen. Tiio substance is introduced into a generating vessel containing zme 
and dilute aniphnric acid, and fitted up like Jlarsli'a apparatus for the detection of 
arsenic (i. 362). If phosphorus is present, the evolved gas will contain phosphoretted 
hydrogen and will burn witli an emerald-green flame. The green coloui disappears how- 
ever as soon aa the end of the tube hecomes hot, but on holding a piece of porcelain in 
the flame, the green colour again becomes visiblo where the flame is in contact with 
the cold surface If the end of the tube be curved and made to dip under mei’Ciuy, 
with only the very extremity projecting above the siuffuco, so ns to keep it constantly 
cool, the gas will giveacontinuonsemerald-groenflame, surrounded by an outer pale blue 
envelope. Blondlot (Compt rend. lii. 1197: Jahresb 1861, p. 821) recommends 
the use of a fine platinum jet, m order to avoid the yellow colouring of the flame pro- 
duced by the sodium in glass As commercial zinc often contains phosphorus, and it is 
therefore necessary to use pure distiUed mne which yields hut a sloiv stream dIgas, he 
collects tlie gas, before igniting it, in an apparatus somewhat like a Dohereiner’s pla- 
tinum-lamp. The green colouring of the flame is more or less interfered with by the 
presence of organic matters, namely, alcohol, ether, volatile oils and soluble animal 
substances. In such cases the gas may he passed through a dilute solution of 
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fiilvci''iiitrnte. and tile resulting precipitate trc.-ited in anotber hydrogen apparatus ns 
above. By this means also the presence of phosphorus may bo detected after gradual 
oxidation, and when it no longer exhibits luminosity in Mitscherlich’a apparatus. 

Bresenins and Neubanor (Analyt Zeitsebr. p. 330) object to the preceding 
process, that the large quantity of zinc-salt produced in the liqmd interferes with the 
subsequent exnmiuation for metallic poisons ; they therefore prefer driving out the 
phosphorus by a stream of carbonic anhydride. For this purpose theflosk couiaining 
the suspected mibstiinee and the dilute suliihurie acid is coimceted with an apparatus 
for geneiating carbonic anhydride, and is also provided with a delivery-tube connected 
with a U-tuhe containing a neutral aolutioii of nitrate of silver The whole apparatus is 
first filled with carbonic anhydride, the flask then heated to 60° or 70° for several hems, 
the stream of gas being kept up all the time ; and the precipitate formed in the silver- 
Bulution IS collected, carefully washed, and treated in a hydrogen apparatus as above. 

Scherer (Ann. Cli Pharm ciii 224) employs for the detection of phosphorus a 
process depending upon its volatility and its reaction with silver-solution A piece of 
thin filtering papi r moistened with nitrate of silver, and suspended over a slightly warmed 
liquid oontainiiig free phosphorus, soon hecomes hhickoned, the silver being reduced by 
the phosphorus As however, the blackening might proceed from sulpliydnc acid evolved 
from the liquid, it is necessary in the first nistanco to suspend, in the flask containing 
the acidulated liquid under osammation, a strip of paper moistened with solution of 
luti'opruaaiato of sodium or acetate of lend ; if no blueing of the paper takes place in 
tile one ease or blackening in the other it may be inferred that the liquid does not give ofi 
siilphydno acid, and the blackening of the paper moistened with siHer-soliition may then 
be attributed to fho presonco of phosphorus If a eonsidcralilc quaiility of silver-phos- 
phide IS formed, it may ho oxidised by chlorine-water, and the rcsuldng solution tested 
fur phosphono acid with a ningnesium-s.ilt or with molybdate of amiiionram. It is 
necessary, however, to mako a comjiorative experiment with an eqii.il portion of tlie clean 
paper, as phosphorie acid may ho already preseut in it. Frosenius and N auhauer 
(Ac oii.) observe also that the blackening of the paper may arise fiom certain acids gene- 
nited 111 the process of putrefaction, and would therefore in some eases give unc^aia 
iiidi cations. 

For the more certain detection of phosplioius in all cases in which it is not slready 
ivliolly converted into phosphorie acid, Froscnins and Neubauer recommend 
the following senes of operations —1 It must be ascertained whether the substance 
shines ui the dark when agitated A small portion is then to be tested by Scherer’s 
method with strips of paper moistened, the one with silver- the other with lead-solution ; 
if only the former is blackened, pbospborns is most piobably jivesent. — 2 A portion of 
tile suspected substance is treated by hlitseherhcli’s process (p. 620). If no phospho- 
tescenoe is observed m the tube, and no free phosphorus collects in tlio distillate, the 
latter 13 to bo tested in the hydrogen apiinratns (p 520) — 3. If thtso experiments 
give only negative results, the substance is to be heated in a stream of ciu'bonic anhydride, 
the gas passed through silver-solution above described, and the resulting precipitate, if any, 
treated in the hydrogen apparatne — 4 The quantity of phosphorus present may be de- 
tennined in another portion of the substance by Mitseherlich’s pioeesaas modified by 
Scherer (p 620) The flask which serves as a receiver is to be connected air-tight, on 
tho one side with the condonsing-tube which dips into the water in the receiver, on the 
other side with a U-tiibe containing neutral silver-solution , tho distillation is kept up 
for ^ hours. If any globules of phosphorus collect in the receiver, they may be col- 
lected Olid weighed The liquid distillate is then to be mixed with the contents of the 
tl-tube, oxidised with ohlorme-watcv, and the resulting phosphoric acid determined in 
the usual way — 6 Phosphorised substances which have been exposed to the air for 
some tunc may still contain part of the phosphorns in the form of phosphorous acid. 
In tills ease tho icsidues, which in the preceding experiments have given only negative 
Tcsuits, are to be treated as above described in the hydrogen apparatus, the evolution 
of hydiogen being kept up for several hours, while the appiiratua is warmed in the 
watcr-hiitli, the evolved gas passed through a U-tube eontaiuiug sdvor-solution, and 
tlio precipitate examined for phosphorus as above. 

Atomic Weight of Fhosphorus , — The atomic weight of this element was 
correctly determined hy Berzelius in 1816 (Schw. J vh. 431. By decomposing tri- 
chloride of gold with phosphorus, he found in one experiment that 0 829 gnu, 
phosphorus threw down 8'714 grm. gold, and in another 0’76t grm. phosphorus 
threw doTOB 7'93 gmi gold hence from the equation 6AuCa° + F’ = 3PC1* + Au', 
takmg the atomic weight of gold at 106, the mean of the two experiments gives : 

P = ^588 g =. 31-04. 

16 644 « 3 

A similar experiment with nitrate of siLvec gave P •« 31-34. 
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Pelouae, in 1847 (Compt. rend, xx. 1017), by decomposing an acid solution of 
Silver-nitrate with triclilonde of pho.sphorns, obtained a higher number, viz. 32 ; but 
the result first obtained by Beizehus has been fnlly confirmed by the more recent and 
very careful cxperimuits of Schr otter in 1863 (Ann, Gh Pharm. Ixxx 202), and of 
D u m ns in 1880 {ilncl cxiii. 28). 

Sehrutter burnt weighed quantities of amorphous phosphorus in a stream of dry 
oxygen, the apparatus being so aiTanged that no phosphoric anhydride could be lost. 
In ten experiments thus made, 100 pts. phosphorus yielded from 229 30 to 22878 pts. 
phosphoric anhydride, P’O®— moan 228-92 , whence the proportion P’ . + 80 = 

100 228 92 gives P =• 31-03. — urn as, by decomposing very pure triohloride of 

plioaplioi-us with a standard solution of silver-nitrate (2PCP + SAg^O = P’O’ + 
OAgCl), obtained in five experiments the following i-esidts : — 

1- 787 grm. PGP required 4-208 silver : therefore P = 31 01 

1 466 „ 3 464 „ 31-00 

2 066 „ 4 844 „ 31-00 

2- 9-26 „ 6 890 „ 3104 

3 220 „ 7-682 „ 81-09 

Prom all these results, the aumher 31 is now universally adopted as the atomic 
weight of phosphorus. 

PHOSPKORVS, FI.tT01t*3>B OB. PP», A vei-y volatile compound fii-st 
obtained by Davy, and further examined by Dumas. It is prepared by distilling 
fluoride of lead or mercury with plioaphorus, a pbosphide of the metal then remaining, 
while fluoride of phosphorus distils o\ei-. It is a colourless mflammablo liquid, which 
fumes strongly ill the air, and is said to yield by combustion, phosphoric anhydride and 
fluoi'iiie. AVutcr converts it into phosphorous and hydi-ufluoric acids. 

PHOSPHORirs, B-iTDBATB OPT The white crust which forms on the sur- 
face of pliosphoniB immersed in water, is said by Pelouze to be a liydi-ate, P*.II-0 , but 
it appo.ii-s rather to be uu allotropic modification of phosphorus (p 603) 

PHOSPHORUS, H-7I>RZDXiS OP. (See HvDEOOlSN, PsosPHIDIiS OP, 111 . 199.) 

FHOSPHORlTS, lOSXDHS OP, Two of these compounds are known — namely, 
the tri-iodide, analogous to tlie ti-ichloi-ide and tribroniido , and the di-iodide, of whicli 
there is no oliloriiie or bromine i-epicscnlative The di-and ti-i-iodide are prepared by 
di«-.olving phosphorus aaid iodine together in sulphide of carbon, and cooliugtne liquid 
artiflciallj till crystals are deposited IVJi.itever proportions of iodine and phosphorus 
may bo used, these two compounds always cryatolliso out, mixed with excess either of 
iodine or of phosphorus. 

Tho ii-iodidc, PP, melts at 110°, forming a red liquid, which condenses to a light 
red solid It is soluble in sulphide of o.irbon, and is deposited therefrom in flattened 
prismatio orange-coloured crystals It is decomposed by water into livdriodio and 
phosphorous acids, -with a deposit of yellow flakes Witli glyernn it yields ti-itylene- 
g.is, a distillate ot water, .ind iodo-trity-leiie (iodide of allyl), aud a residue of oxygen- 
acids of phosphorus together with free ludme. iindeoomposed glyconn, and a trace of 
red phosphorus. The principal part of the i-euetiou appears to take place thus . 

C’H“0’ + PD == OTDI + PH’O’ -t- I. 

Gljcerm. Midoot Pbo pi,o- 

allyl rous add. 

Tins iodide appears also to he formed on dissolviiig a small quantity of iodine m 
melted phosphorus aud he<iting the mixture to about 126°, aud to bo subsequently de- 
composed, yielding amorphous phosphorus (p. 604) When phosphorus is melttd in 
a flask filled with carbonic anhydride, iodine projected thi-ongli an upright tube reaching 
nearly to tho phosphorus, aud a gentle heat applied, violent action takes place 
attended with development of intense heat The pi-oduet is a very hai-d semi-metallio 
blnck mass of amurplious phosphorus, yielding a red powder. The flist stage of the 
reaction is the formation of an iodide of phosphorus, pi-ubably the di-iodide, in which 
the phosphorus exists in tho amorphous modification This compound is then decom- 
posed, with separation of amoiphous phosphorus and formation of a more volatile 
iodine-product, which reacts upon a second portion of phosphorus, i-eproducmg the 
&st decomposible iodide, and so on continually. In this manner a small quantity of 
iodine can convert an almost iiideflmtoly large quantity of phosphorus intctethe amor- 
phous modification. (Brodie, Cham Soo. J. v, 289 ) 

Trt-iodide of Phos-phoras or Phosphorous Iodide, PP, melts at 66°, and 
cry-stiilliscs in woll-deftued prisms on cooling. It is very soluble in sulphide of carbon, 
and is deposited therefrom m dark-red hexagonal plates. It absorbs moisture from 
the atmospheie, forming hydi-ixhc and phosphorous acids. 
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P()ifa-W(hi!i' PI" ? Gay-littBi.ac, by heiitrag 1 pt, of phospliovus with 20 to 21 pts. of 
iudiiio, obtained a black aubatance which molted at 40°, and was said to ho dueompoaod 
by n liter into hydroeliloric and phosphoric acids. This decomposition, and (he pro- 
purtioiiB of iodine and phosphorus used in the preparation, would indicate that the 
compound is a penta-iodide, but it requires re-examination. (Berachua' Lehrbuoh.') 

PHOSPHORUS, KTITRIDB OP. Tlio compound obtained by saturating tri- 
clilondo of phosphorus with nmmoiiia-g.is and heating the product in a current of 
ciirbonio aiiliydridc (H. Bose), or by passing the rapour of trichloride or pentaeliioride 
of phosphorus over heated sal-ammoniac (Wohler and Liebig), was onginaily 
supposed to bo a di-nitride of phosphorus, PN’; but, according to Qorhardt. the 
product obtained by either of these proeessos contains hydroiseu. and consists of phos- 
phani,PHN^(p. 497). 

PHOSPHORUS, OXIDBS AHU OXYGBH-A.CIBS op. Three anhy 
di'ous oxides of phosplionis are known, namely — 

Suboxide of Phosphorus . P<0 

Trioxideof Phosphorus, Phosphorous Oxide, or Anhydride . F'O* => y„!o’ 

Poiitoxide of Phosphorus, Phosphoric Oxide, or Anhydride . PW = 

The second and third of these oxides, which are analogous in composition to the 
chlorides and bromides, unite with wntoa', forming phosphorous acid, P"0'*.3H'''6 
or PII"0’, and phosphoric acid, P"0".SH-‘0 or PH’O*. There is also another acid 
of phosphorus, idz hypophosphorous acid, PE’O’, to which there is no corre- 
spuuding anhydnde The protoxide of phosphine, PH’O, is not known , but it is 
rcprosouteil by the oompounds POI’O and P(C^II*)"0. ' 

The three acids just mentioned all contain 3 atoms of hydrogen, having in fact 
tile composition of oxides of pliosplime, PH’; nevertheless they have not the 
same basicity, phosphoric acid alone bemg properly tribasic, that is, capable of 
exchanging all its three hydrogen-atoms for an equivalent quantity of metal, whereas 
phosphorous acid is dibasic, and hypophosphorous acid monobasic , thus . 
Hypophosphorous acid ... .... PH’O’ = H PH’O* 

Phosphorous acid PH’O’ = H’.PHO’ 

Phosphoric acid PH’0< = H’.PO*. 

There are also certain acids resulting from the dehydration of phosphoric acid — viz., 
pyrophosphoric acid, H"P’0’ •= 2n’PO' — H’O, motiiphosphoric acid, 
HPO’ = H'PO^ — 2H’0, and soveral polymeric modifications of tho latter, which will 
be noticed horoaftor. 

Tho r ’ ‘ ' ’ • phosphorous, and phosphoric acids to one another 

and to hosplune are romarbible , Hypophosphorous acid, 

H’PO’, has not been obtained directly from phosphine , hut, on the other hand, it 
yields phosphine by deoxidation, ns for example when zinc is dissolved in the aqueous 
acid, eithei; alone or mixed with snlphiivio acid The solution of hypophosphorous acid 
when exposed to the air is gradually converted into phosphorous acid, and finttlly into 
phosphoric acid When boated by itself, hj-pophosphorous acid is resolved into 
plioephone acid and phosphine. 2H“PO’ = H’PO' + H’P. 

Phosphorous acid results from the slow oxidation of phosphine. Conversely, when 
phosphorous acid is acted upon by zinc, or zinc and sulplinne acid, it is deoxidised to 
phosphine. Phosphorous acid, when exposed to the air, takes up oxygen, and is con- 
verted into phosphoric acid When heated by itself, it breaks up into phosphoric acid 
and phosphine • 4H"PO’ = SH'PO" + H’P 
Phosphoric acid, H’PO*, results from the eomhnstion of phosphine in air or oxygen ; 
also from the decomposition by boat and direct oxidation of hypopbospliorona and 
phosplioi'oiLs acids It is much more stable than either of the other two acids, but, 
lilce them, may be made to yield phosphine by deoxidation, namely when treated with 
potassium or sodium 

Suboxide of Rbosphorns. P’O. When phosphorus is burnt in air or oxygen, 
a solid orange-coloured matter is left behind, which slowly deliquesces, forming phos- 
phorous acid A simiUr substance is formed in larger quantity by paeaing a current 
of oxygen-gas through phosphorus melted uuder hot water This body, when dried by 
pressuretiotween filter-paper .lud freed from phosphorus by treatment with sulphide of 
carbon, leaves a dark-red residue which has been described as a definite oxide of 
phosphorus, but is now generally regarded as amorphous phosphorus contaminated 
with a little phosphoric acid. Le verrier (Ann. Ch Phami. xxvii. 167) noticed that 
when small pieces of phosphorus coveied by a layer of trichloride of phosphorus were 
exposed to the air, a peculiar yellow buhslancc, soliihle in water, was pioduced. At 
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an increased temperatnrB tlie solution docoinposed into phosphoric acid, and a floocn- 
Icnt substance, tvhieh, when dried in ii vacuum over oil of vitriol, loft a canary-yellow 
powder, the composition of whirli was represented by the formula P*0. It could be 
preserved for any length of time in dry air When heated it acquired a bright-red 
colour, hut wns unaffected in composition by ii temperature of 30t)° ; when more 
strongly heated it took fire, (Seo Gmlm’s Handbook, li. 110.) 


Hyi>oplio»phorous Aold and Salts. 


HTPOpnoBPHOBOus Acin, H“PO“, is obtained by decomposing the hiirium-soJt 
with an equivalent quantity of sulphuric acid, or the lead-salt with sulphydrio acid, 
mid evaporating the filtrate ; 

Ba"F>ffO‘ + ffSO* = 2H»PO-‘ -r Ba'SO' 

Ph'’P'H'‘0* + S'S = SH'PO" + Ba"8 

It is a viscid unciystidlis.ifale liquid, having a strong acid reaction. When heated, it 
is reuolved into phosphoric acid and phosphine 2H“PO' = H'PO* + H“P. Its 
aqueous solution is a colourless mobile liquid, which when exposed to the air, is 
oxidised to phosphorous and phosplione acids. It reduces the salts of silver and j/a!d, 
with precipitation of the respective metula It also reduces solution of mercum ohloi ide 
with precipitation of calomel or of metallic mercury, according to the proportion of acid 
used and the temperaturo at wliieh the re.action takes place By sino and snlphuric 
acid It is deoxidised to phosphine, PH’, which is given off as gas Heated with solu- 
tion of cuprtc mdfihato to 6fi° — 00°, it forma a precipitate of cuprous hydride, CuH 
(Wurtz' see Coppiib, ii. 00), I'his re.action distinguishes hypophosphorous from 
phosphurousacid, which it otherwise much lesembloa. 

Rypopbospbltea. — htPH’O’, or according to the atomicity of the 

tnetal. These salts aio prepared- 1 By ueutraliBing the acid with bases — 2. By 
boiling phosphorus in alkohue solutions , thus with lima or baryta-water . 

SGa'H’O’ + P» + GH’O = 3Ga"H’P’0‘ -t 2PH’. 


The liypopliosphite of calcium or barium may ho crystallised out by cautious evapora- 
tion. When phosphorus is boded with an aqueous solution of potassio hydrate a 
similar reaction takes pl.ico, hut miicli phosphate of potassium is likewise formed, such 
is not the case, however, when an aleoliolio solution of potash is employed. Hypo- 
phosplutcs are also formed, (ogetlier u itli phosphine, by the action of water on the 
iinpiira phosphides of barium, calcium, and stroutuim, ohUiued by heating phosphorus 
with the anhydrous earths (i. 607, 719). The reiietion appears to be much the 8.iiu6 
as whim a mixture of lime, osc. and phosphorus is acted upon by water. — 3 By double 
decomposition- the magneeium-s.alt, for example, is prepiu-ed by boiling hypophosphite 
of calcium with oxalate of niugiieauim 

The hypoplioaphites arc erystnlUsatile salts aoluhlo in water, and many of them 
also in alcohol. 8ome contain w ' ' ' " ‘ ' When dry they are permanent 

in the iiir , hut their solutions on exposure, especially at the 

boiling heat When boiled in re decomposed into phosphate 

and Iiydi'ogon : e. g — 

KPH’O* H- 2E;H0 - K»PO< -t H*. 


The dry salts decompose when heated, giving off phosphoretted hydrogen (hence they 

are very inflammahle), and leaving a residue of pyrophosphate: e. g. 

2Ba'T’H’0* 2PH» -t- H'O + Bj’P’O'. 


The hypophosphites, like the aqueous acid, act as powerful reducing agents, espe- 
cially with aid of heat. With nitrate of silver they form a white precipitate, which 
quickly turns brown and is converted into metallic silver 

Quantitative Analysts of — The quantity of phosphorus in a hypo- 

phosphite may be_ determined by converting it into a phosphate by oxidation witli 
nitric acid ■ the oxidation ia not, however, complete till the solution has been evaporated 
down nearly to a syrup, and has attained a high temper.itnTe. The calcined residue 
consists of a metaphospliate, MPO> or hl'P’O* from the weight of which, if only one 
base IS present, the amount of phosphorus (or the equivalent quantity of hypophoa- 
phoroiis acid, H*PO» if required) may at once be calculated. If more than one base is 
present, the residual salt must be analysed, by the methods hereafter to be deaonhed for 
phosphatos, and the quantity of phosphorus therein determined 
If a hypophosphite contains water of crystallisation, its amount must he determined 
by comparing Oio original weight of the hypophosphite with that which corresponds 
with the weight of metaphoapliate actually obtained; or the metiipliosplmto may be 
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analysed, he quantitioB of acid and basa in the liypophosphile tlionce determined, and 
the water eatimntrd by difference. 

A( " ’ ’ ' ’ — ’ ’ lo in water, the buses may be precipitated from their 

solu . I sulphydiic acid, sulphide of ammonium, alkalis &e ; 

tho 1 ion bo converted into phosphoric acid by oxidation 

with , > jdroehlorie acid and chlorate of potaesium; and tho 

phosphoric and precipitated as amnionio-magnc,siiin phosphiite 

The quantity of phosphorus in an aqueous solution or hypopliosphorous acid con- 
taining no fixed base, and no other acid except nitric and, la easily determined by 
adding to the solution a known weight of recently ealcined oxide of lead, then adding 
nitric acid, evaporating to dryness, and calcining. The rcsidno consists of a mix- 
ture of oxido and phosphate of le.id, and on deducting the original weight of lead-oxide 
added, the difference gives the weight of phosphoric anhydride in tho residue — whoiico 
the phosphorus may he o.alonUted 

laiatly, hypophosplioroiia ncid may he estimated by its reducing action on morcurio 
chloride, 1 iit. of the acid precipit.iliug 4 at mercurous chloride, according to tho 
equation . 

n”PO’ + 4Hg'’Cl“ + 2H'0 = 4ngCl + H"PO* + 4HCL 
Tho aqueous solution of tho aeid or of a hypopliosphitc is mixed with mercuric 
chloride in excess, and a small quantity of hydrochlorio acid, and gently heated, euro 
being t.iken not to let the tempeiMtnre riso above 60^, us in that case a portion of the 
mercury may bo reduced to the inetallio state. The precipitated calomel is washed on 
II filter, dried ub 100’, and weighed. As the atomic weight of euloniol is very consider- 
able, and as 4 at. of it corresiiond to only 1 at of hypophosplioroiia acid or of phos- 
phorus (4 X iSS’H or 912 pta. HgCl, to 66 pts. HTO-'or 31 pts. P.), tho determination 
may be made with great exactness. 

In the solution filtered from the precipitate of calomel, the bases may be determined 
by tho ordnuiry methods, and the phosphoric acid produced by the oxidation may 
also be precipitated and estimated, us a verifloatiou of the preceding result. 

The proeipibition of gold from the triehlorhlo by hypopliosphorous acid cannot be 
employed for tho estimation of tho acid, as tho reduction is never complete 

E/ipophosphite of Alumimvm — A solution of alumina in tho cold aqueous 
acid, evaporated under the air-piimp, leaves .i tliick gum, which grudmilly dries up to u 
ehintug, guinmy, brittle mass, not altered by exposure to the lur. 

Sypophosjihito of AwiOToniiiii!, (NH')rH®0®, obtained by precipitating the 
borium-salt with sulphote of ammoninm, eiaporating the filtrate to dryness, and 
exhausting with alcohol, crystallises in large six-sided debquesocnt plates, melting nt 
200° and decomposing at 240° 

Hypophosphiti o,f Barium. Ba"P*H'OhH*0 — Prepared. 1. By warming (not 
boiling) phosphorus with excess of barytn-w.iter |p 624), preeipihiting the excess of 
baryta with carbonic acid, and eiaporating the filtrate to the eiyst.ilhsmg-point. — - 
2 Instead of baryta-water, the ordnuiry yellow solution of barium-siilpliide may bo 
used This when heated inth phosphorus, gives off phosphoretted, sulphuretted, and 
pure hydrogen gases, and forms a solution of hypophosphite and snlphydrate of barium. 
The latter may be decomposed by carbonate of lead, and the filtered solution, con- 
taining only hjqiophosphite of barium, crystallised by evaporation as befofe. — 3. Tho 
salt may also be prepared by dissolving phosphide of b,mum (i. 607) in water. 

Sypopliosphite of bmiiim cry stallise.s on cooling fiom a hot saturated solution, or 
when its aqueous solution ts mixed with alcohol tiU it begins to eliow turbidity, usuiilly 
in nacreous floxiblo needles containing 1 at water of crystallisation, which they give 
off nt 100°. They arc permanent in tho air, soluble in 3 pts boiling and 3 6 pta cold 
water, insoluble in alcohol. 

The anhydrous salt, Ba"P-H^O*, remains behind when the hydrated salt is healed to 
100°, and separates directly from a solution evaporated iu vacuo over oil of vitriol ; also 
when the solution mixed with excess of hypophosphorons acid is evaporated by heat 
It crystallises in shining square plates nnalterablo at 100°, but decomposed at a strong 
heat. The iiquoons solution of the salt heated with caustic potash quickly gives off 
hydrogen and deposits phosphite of barium. 

Hypophosphite of CadmittMt separates from the solution of cadmie carbonate 
in the cjld aqueous acid, by evaporation under tho air-pump, in small indistinct 
crystals. 

Hypophosphite of Oalotum. Ca"I’°H'‘Oh — ^Prepared by boihng phosphorus 
with excess of lime-water, removing the_ water as it evaporates, and purified like tho 
barium -salt; also by dissolving phosphide of calcium in watiir (p 524). It forms 
colourless fransparent crystals, wliieh according to H Rose, are tectangiilur prisms 
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with two broad, smooth, imcrpons faces, while the other feces lire glassy and less smooth, 
According to Wurtz, the salt crystalhacs in ohlajno six-sided prisms. It has a biiter 
taste, is permanent in the air, dissolves in 0 pts. of cold and m a not much stn.dler 
quantity of hot wnlor, is insohiblo in strong and but aligh(ly soluble in weak alcohol, 
The crystals do not give off anything at 300°, but decompose at a higher tempera- 

liflpo)>hosphite of Chromium, 2Cr'"Il»P’0^ 7H’0. or (Cr“0’‘)''H^PfH”0».6n'0, 
is obtained by decompoaihg the bariuni-sult with chroinic sulphate and evaporating 
the ftltrnte, as a dark-green, amorphous, fissured mass, which gives off water at 200°, 
and IB then insoluble lu water and in dilute acids, , 

Hypophosphtte of Cohalt, Co"P’H''0*.6H®d, is prepared by dissolving recently 
precipitated cobaltoua hydrate in tlie aqnooiis acid, or by decomposing the' hanum-solt 
with eobaltons snlphate, and crystallises by evaporation in red efflorescent octahedrons, 
winch give off their 6 at. water of crystalhsation at 100°', and are easily soluble in 

When a solution of hypophoaphito of ealcium is heated with oxalate of cobalt, no 
complete decomposition takes place even after a considerable time, and the cobalt-hypo- 
phospliite obtained on evaporating the filtrate is said to contain only 3 at. water, and 
to he less efflorescent than the preceding salt. 

Sypophosphite of Copper, Ca"P*H‘0'‘.--Prepui>8d like the eohalt-selt. The 
blue solution when very dilute undergoes scarcely any decomposition, even when 
heated ; when somewhat stronger, it doeomposes qmekly.even at 60°, depositing cuprous 
hydride, CuH (Wnrts). 'When evaporated in a vacuum, it sometimeB yields tho salt m 
blue crystals. (Wurtz.) » 

Bppopkosphiie of Ghicinxm . — ^Tho solution evaporated in a vacuum over oil 
of vitriol leaves a thick gum, whidh dries up to a mass having a vitreous fracture 

Hi/pophosphites of Iron — fhefp-tous salt, Fe*P^H''0* 6H’0, is formed, with 
ovoktion of hydrogen, when motollio iron is dissolved in the aqueous aoid. The 
Solution evaporated in a imcuum over oil of vitriol deposits the salt in large gi-eeu 
octahedrons, which give off their 6 at. water at 100°. When moist it oxidises veiy 
quickly on exposure to the au'. 

The feme salt is formed by dissoWng ferric hydrate in the cold aqueous aoifl, and 
separates in the form of a white salt, sparingly soluble m the free aoid. Ferric hy- 
drate heated with hypophosphorous aoid yields feme phosphate and ferrous hypophos- 

Hypophosphito of Lead, Pb"P’ffO*, is most easily prepared by digesting the 
aqueous acid with carbonate of lead , if oxide of lead is used, the aoid takes up .an ex- 
cess of it, forming an alkaline solution winch decomposes when evaporated, depositing 
phosphate of lead and metallic lead. This decompoaition may, however, be prevented 
by adding a ahght excess of aoid, and the solution, if then evaporated, deposits the salt 
in small rhombic prisms often united into pLitcs It is very slightly soluble in cold, 
more easily in hot water, forming a sUghlly acid solution from which it is precipitated 
by alcohol in nacreous scules It is permanent at 100°, hut decomposes at a stronger 
heat. 

The solution of this salt easily talcoa up an additional quantity of leiid-oxido, acquir- 
ing an alkaline reaction , it then decomposes on standing and more quickly if heated, 
depositing phosphite of lend as a sandy powder. The same decomposition is induced 
by addition of basic acetate of lead. 

The aqueous solution of the neutral salt mixed with a little ammonia deposits a small 
quanti^ of le.id-hydraf6 , and the flltrute, which perhaps contains a double salt, yields 
on boiling a floeculent precipitate of a basic salt, said to contain Pb'FTOO' 6Pb"0 6H'0 
or Pb'FH'O' 6Pb"Il’0« H“0. (H. B o s e.) 

Bypophosphite of Magnestnm, Mg"P*ffO'‘,6H*0 —Prepared by double de- 
composition ; oi^stallises in large, regular, hard, efflorescent octahedrons, easily soluble 
in water. It gives off 6 at. water at 100°, and the sixth at 180°. 

Bypophosphite of Manganese, Mn"P’'H'0'' H*0, prepared in like manner, 
crystailisca with difficulty in rose-red scalenohodrons, permanent in the am, emns off 
their water at 100°. 

Bypophoephite of Niehel, Ni"P-’H‘Ob6H;“0.~Pr6pared like tho oobalt-salt; 
crystallises in green cubes or octahedrons, which give off their 6 at water at 100°. 
When the moist crysteds are heated to 120°, or the solution to 100°, panial decompo- 
sition takes place, with evolution of hydrogen and jirecipitatiou of metallic nickel. 

Bypophosphite of Potassium, KPH’Oh— Prepared : 1. By boiling aqueous 
or alcoholic potash with phosphorus as long as phosphoretted hydrogen continues to 
escape, then decanting the solution from the undissolved phosphorus, and mixing it 
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with ncid carbonate of potassinm, m order to convert the remaining eanatic potash into 
carbonate. The bolution is then evaporated and the residue treated with hot strong 
alcohol, winch diesolvea tho hyphosphit® and leaves the carbonate, the formtr crystal- 
lising out na tho solution cools. — 2. By decomposing the barinm-salt with sulphate of 
putasaiiim, or the calonim-aalt with carbonate of potassium, purified as above by tioat- 
ment with hot alcohol 

Hypophoaphito of potassium nemilly forms an opaque indistinctly cry stnllmo mass, 
sometimes howeier exhibiting six-sided plates It is very deliquescent, more so tliaii 
chloride of calcium, easily solublo lu water and in wnak spirit, lesi soluble in absolute 
alcohol, iusoluble in ether It does not lose weight or imdei^o any alteration at 100'*, 

Bypophosphite of ^ Silver. — ^Nitrate of silver .idded to the solution of hypoplms 
phite^ forms a white precipitate, which however quickly blackens flora reduction of tho 

Sypophosphiic of Sodium, prepared like the potussinra-salt, crystallises in 
nacreona rectangular tables, somewhat less deliquescent than the potiissium-salt, easily 
soluble in water and in alcohol 

Hyp ophospliite of Strontiu m. Sr"P*H‘0*. — ^Prepared like tho barium-salt with 
hydrate or sulphide of strontium The solution when evaporated yields tho salt in warty 
o^stals, which are easily soluble in water, insoluble in aJoohol, permanent in tho air, 
and do not lose weight at 100°, 

Hj/pophosp lute of Zinc. Zn"P“H^0bH*0, or with OH^O. — Obtained by dissolving 
zinc or zmc-oxide in the aqueous acid, or by decomposing tho barium-salt irith zino- 
sulphate. By evaporating the solution it is obt .lined, sometimes in regular octahedrons 
containing G at water, very efflorescent, and losing water even when pressed between 
paper, soiiiotimos in rhonibohodral crystals eontiijmng 1 at water, which are permanent 
in the air Tho octahedral salt is mostly formed by spontaneous evaporation of a not 
too concentrated solution ; it gives off its 6 at. water at 100°. The salt is easily soluble 
in water. 


Phospborous Oxide, Acid, and Salts. 

TmoxiDE or Pkobphobus, Phospjiobous Oxide or AuHTiintDE, P*0'. 
— The only reaction which yields tins compound is the slow combustion of phosphorus 
m dry air or oxygen. 'When phosphorus is exposed at ordinary temperatures to dry 
air or rarefied oxygen, it glows and becomes coated with trioxiJo, but the reaction is 
very imperfect Tho ordinaiy combustion of phosphorus in air jiroduecs both phos- 
phorus and phosphoric oxides, together with some suboxido, or perhaps amorpUoua 
phosphorus (p, 623) The best mode of prepanng the trioxidn is to burn phosphorus 
in a very slow current of perfectly dry air , the tcioxide then condause.s beyond the 
phosphorus a.s a bulky amorphous sublimate. 

Phosphorous oxide forms large white flakes readily volatile, and emitting an alliaceous 
odour. When quite dry it does not redden lilmiis-paner. It absorbs atmospherie 
moisture with avidity, and wlieii sprinkled with water dissolves rapidly with a mssing 
noise, producing phosphorous acid, + SH'O — 2H'‘PO®. 

^ } 

PnosEHOEOtis Aoin, H®PO*i= P’’vO“. — This acid is produced; 1. By the action 


of water on the anhydride. — 2. By the alow oxidisation of phosphine, this gas when left 
over well-aerated water being gradually absorbed, with formation of phosphorous acid ; 
again 2 volumes of phosphine unite quietly with 3 volumes of oxygen, when the explosion 
of the gases is prevented by cooling — 3. By exposing sticks of ^osphoms to moist air, 
phosphoric aekf being produced at tho same time. (See Phosphatm Aoid, p 499 i 

4. By the action of phosphorus on sulphate of copper When phosphorus is introduced 
into a solution of this salt (kept saturated by the immersion of crystals), and left to 
act at the ordinary tempeniture and with the least possible access of am, copper is first 
reduced and then converted into black phosphide of copper, and a very acid solution is 
ultimately obtained, containing nothing but phospborous and sulphurio acids, tho latter 
of which may he removed by cautions addition of lime or baryta. (Sehiff, Ann. Ch. 
Pliarm cxiv 200 ) 

6. By tho action of water on trichloride of phosphorus . 3H*0 + PCI* «= ffPO* 
■r 3HC1,« A current of washed chlorine is slowly passed through a layer of melted 
phosphorus three or four inches deep, covered by six or eight inches of wuter, so that 
each bubble of gas may be completely absorbed by the phosphoms. The trichloride 
thereby produced is immediately decomposed by contact with the water. The hydro- 
chloric acid produced in the reaction is exiieUed by evaporation Great care must be 
taken to avoid excess of chlorme, as that would give rise to the formation of phosphoric 
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6. By the actiou of triahlondo of phosphorus on oxalie acid . 1 at of tha trichloride 
is pouted upon 3 at. erystnllisod oxalic acid, contained in a retort having its nock 
directed upwards or provided ivith a eondenaing-tube, so that the trichloiide whicli 
volatilises may flow back again. Violent action immediatoly takes place, accompanied 
by evolution of carbonio onhydnde, carbonic oxide, and hydrocblorio acid, ns soon as 
it is over, the retort is to be gently warmed while a stream of dry carbonic anhydiide 
is passed through it Tho mass, which froths at first, gradually settles down into ,i 
clear liipiid, wBch solidifies to a radiate mass of phosphorous acid having a slight grey 
colour. (Hurtzigaud Geutlior, Ann. Gh. Pharm. CXI 150.) 

Propel ties and Reactions. — Phosphorous acid usually exists m the form of a thick 
unerystallisablo syrup, hut may be obtained in the crystalline state either by the pro- 
cess last described, or by cooling a somowliat concentrated aqueous soliitioii. Xhe 
crystals, which contain H"PO“ melt at 74°. The acid m both states is dcliquoscent. 
wiien heated it is resolved into phosphoric acid and phosphine • dH^PO® = 
3H’PO< + PH’; hence when heated in the am, it undergoes vivid combustion. 
According to Hnrtog and Geuthcr, the crystnlUne ncid, when slowly boated, gives otf 
nou-spontaneously inflammable phosphine, producing white fumes. 

The oqueona sdution of phosphorous noia is a strongly acid liqiud which oxidises to 
phosphoric acid on exposure to the air It is a powerful redueuig agent, decomposing 
tha salts of sdeer, memiru, and yoW m tho same manner as hypophosphorous acid ; 
the lednctioa is much facuitated by satur.itnig the acid with ammonia When heated 
with sulphurous acid, it yields phosphoric and snlphydric acids ; 

3H»PO> + H'SO” = 3H’PO< + H-S. 

If the sulphurous acid is in excess, the snlphydric acid is decomposed and snlphur 
separated If tho phosphorous acid contains any nreenic, that metal is entirely preci- 
pitated ns sulphide Arume acid is reduced by phosphorous acid to nrsenious uoid, 
■wliioli, if the matenals are dry, is reduced, by fusion with excess of phosphorous acid, 
to a dui'k-browu powder of metallic arsenic. Aqueous phosphorous acid aissolves zino 
and iron with evolution of phosphine, it likewise gives off that gas when treated 
with zinc and enlphnrio acid. 

Phosphite*.— Of tl ^ -1 m phosphorous acid, only 

two appear to be replacf . ot dibasic, and forming two 

senes otmetnllio salts — ^ ' ''PEQ\ and acid iihosphites, 

MHPHO* or = M'TRO’.PH’O*, according to the atomicity of the metal. 

The third hydrogen-atom of phosphorous acid is moia easily replaceable by alcnhol- 
i'adioles,proaucingalcoholicphusphorou8acida(f.^,,ethyl-phoaphoroua aoid, H’PC'H’O’), 
still containing two atoms of typio hydiogen, winch may ho replaced either by metals 
or by nlcohol-rudides. In the latter case phosphites or phosphoious ethers are formed, 
coutaining 3 atoms of alooliul-radiolo (p. 633), whence the acid has by soma chemists 
been regarded as tribasio, but the view above given accords best with its relations to 
metallic bases, and with tlic position which it ocenpioa between monobasic hypophos- 
phorons acid and tribasic phosphoric acid (p 523). Moreover, in the tri-oloohoho 
phosphites, P(C'H‘)’0’, for example, 2 atoms of the alcohol-radiole may be replaced by 
motfiJs — for example by K* or Ha; but the third atom is not thus replaceable (p, 633). 

The metallic phosphites are obtamed sometimes by acting on the acid with 
bases, sometimes by double decomposition. They are more stable than the hypophos- 
phites, but are all decomposed by heat. Those which contaui water of oryst^satioa 
give off hydrogen and leave pyrophosphates thus — 

2BnTH0«H’0 = Ba’P’O’ + 2ff; 
but anhydrous neutral phosphites, which do not contain sufficient hydi'ogen and oxygen 
for this mode of decomposition, likewise give off phosphoretted hydrogen and leave a 
more basic phosphate; eg — 

6Pb"HPO’ = Pb"0.2Pb'P’0' + PH* + H* 

The neutral phorolutes, excepting those of the alkali-metals, are but sparingly solu- 
ble in water, and the lead-salt is almost insolnble , the acid phosphites, however are 
soluble. With the chlorides of banum and calcium, solutions of the alkaline phosphites 
form white precipitates, soluble in acetic and in phosphorous acid— with acetate o? lead 
a white precipitate, insoluble m acetic acid Solutions of phosphites, unless very con- 
centrated, do not precipitate the solution of a magnesium-salt in aqueous omCionia and 
sal-ammoniac. 

The solutions of phosphites undergo but httia alteration when exposed to the air at 
ordinary temperatures, and are not decomposed by boibng with caustic alkalis. They 
reduce solutions otgdd, stlvir, and mm out g m the same manner as the aqueous acid. 

The methods to be adopted for the quantitative analysis of phosphites are 
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exactly the same na tlioac .alreatly described for tlio hypophosphitpg (p 524) Neutral 
pboaplutea oxidised by uitne acid, or by bydrocbloric acid aud chlorate of potassium, 
arc trausformed into pyropbospUatea • 

+ 0“ ^ + n“0. 

Those pliosplutea ■which aro insoluble or sparingly sohiblo in -water, may be dissolved 
in hydroeldoric acid, and tho bases precipitated from them by tho usual reagents. 

PliOiphite of Aluminium. — B.ituriited solution of alum mixed with a strong 
solution of auimonmm-phoaphito forms a precipitate which disappears at first, becomes 
permanent on further addition of ainmoiiui, but does not sepavato completely till tho 
lujiiid is boiled It forms a white powder ivlien dry, and decomposes without incan- 
descence when heated. 

Fhosphiie of Ammonium, (NII')’PHO’.H^O. — ^Hiosplioroiis acid saturated -with 
ammonia, and evaporated over sulpliuiic aeul in rarefied .nr, yields tins salt in huge 
deiiquoscent prisms, soluhle in 2 pts of cold and in a smaller quantity of boiluig water. 
In vacuo, at ordm.iry tomporatnres, the crystals give off a small muuitity of ammonia, 
and turn acid; at 100° they give off 1 at water, also with a little ammonia; aud at 
higher teaipetaturus a larger quantity of ainmoniu, leaving almost pare phosphorous acid, 
■which decomposes when more strongly heated. The aqueous solution when evaporated 
by heat also gives off ammonia and turns acid. 

I’hosphitea of JJnrtttwi — The neutral salt, Ba'THO* is deposited after a few 
days ft’om a solution of an alkaline phosphite mixed with oWorido of barium, as a erys- 
tulline oi'ust ouutauiing ^ at -water ^2Ila"I’H0’.H-0). It is but sparingly soluble m 
cold ■water, and is decomposed by boding wntb water into an insoluble basic and a solu- 
ble acid salt. It is slightly efflorescent, and gives off its water of crystallisation 
batwoBu 150® and 200° 

TIio acid salt, Ba"H*P“H’0*.H*0, is obtained by digesting the neutral salt with a 
quantity of phospliorous noid not quite tuffleient to dissolve it, or by adding baryta or 
carbonate of barium to phosphorous acid as long as it eontmnes to dissolve, and evapo- 
rating the filtrate to a syrup at a gentle heat On leamiig this liqnul in vacuo over oil 
of ■ntriol, tho aoid salt is deposited iii warty eryat.ifs. It is soluble in -water but 
inaoliihla in alcohol The aqueous solution decomposes when boiled, the ucutral salt 
separating, and a more acid salt, not yet examined, ronmmiug in solution Tho suit 
gives off 1 at water at 100®. 

Phosphite of 'Bismuth, obtained by double decomposition, is a white preoipitato 
■which when ignited after drying gives oft' pure hydrogen. 

Phosphite of Cad mi it Mi —'White precipitate, which gives off hydrogen when 
distilled, and loaves a residue containing a smuU quantity of mefailhe cadmium. 

Phosphites of Calcium —The neutral salt, Oa''PHO'' H‘0, separates after a while 
fi'om a solution of tho ammomnm-salt mixed with chloride of caloium, as a erystaUiuo 
crust spanngly soluhle in cold water. The solution decomposes when heated, depositing 
a basic salt (f tiiealeic phosphite, Ca^P’O"), -while an acid salt remains dissolved. The 
neutral salt gives off its water ot 100°. 

The acid salt, Ca"H*P'‘II”0“ H-’O, is obtained, by acting upon nuichle with aqueous 
phosphorous acid, as long as carbonic anhydride continues to escape, as a crystalline 
crust made up of nsedle-shaped crystals. It is "solnble in water, and the solution 
mixed with alcohol deposits tho neutral salt, while a very acid salt remains dissolved. 
Tho crystals give off their water at 100°. 

Phosphite of Chromium is precipitated on mixing chromic chloride with an 
alkaline phosphite, but does not separate eompletcly tiE the liquid is heated. When 
dry it is a loose grey powder, which is decomposed by heat, with evolution of pure hy- 

JPhosphite of Cobalt is also obtained by precipitation, and separate.s completely 
only when the liquid is heated In the dry state it is a pale-red powder, which when 
he.ited first turns molet, then black, and afterwards decomposes with inoandeseence and 
evolution of hydrogen. 

Phosphite of Copper, Ou'THO* 2H?0.— Obtained in tho puro state, as a blue 
granulo-crjstalline precipitate, on mixing a solution of cupric acetate with aqueous 
phosphoroiis acid , less pore, as a bluish-white floeculent precipitate, by treatmg ciiprio 
sulphate -with an alkaline phosphite. It gives off water when gently heated, and at a 
higher temperature evolves hydrogen, and leaves cupric phosphate mixed with metaUio 
copper. A solution of cupne phosphite in aqueous phosphorous aoid also decomposes 
when heated, -with separation of metallic copper. 

Phosphite of Gludnum is a gumm-v precipitate, ■white and pulverulent -when 
Von. IV. MM 
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dry, insoluHo in -water, decomposmg when heated, -with incandescence and eTolntion of 
pui'e hydrogen. 

Phosphites of Iron — ^The ferrous sait is a white precipitate, which in the moist 
state oxidises q-uicldy in the air, turning first green and thou brown. When heated it 
gives off pure hydrogen, 

Firno salt. — Neutral ferric salts are completely precipitated hy alkaline phosphites 
only after long stamliiig or with the aid of heat. Tha dried precipitate is white and 
pulverulent ; it glows when heated, 'giving off hydrogen mixed with a little phospho- 
retted hydrogen. 

Phosphites o/ ieuif.— The msafrof safe, Pb''PHO’', is obtained hy precipitating 
neutral acetate of lead with phosphorons acid or phosphite of ammonium. It is a white 
precipitate nearly insoluble in water, and dissolving but sparingly in aqueous phos- 
phorous acid, much more easily in nitric acid, which does not oxidise it in the cold, it 
w e-asily oxidised, however, when heated -with nitric or sulphuric acid. It does not give 
off any water at 100°, but decomposes at higher temperatures, with evolution of 
hydrogen and phosphoretted hydrogen, and leaves a phosphate of lead (p. 628) mixed 
■with a little phosphide 

A compound of this salt with oWorido of lead is precipitated on mixing a boiling 
solution of olilorido of lead ivith pure phosphite of ainmouium, or with tnebloride of 
phosphorus which has been decomposed by water and then neutr.iliscd with ammonia 
By continued washing with boiling water however, this double bait is decomposed, the 
■whole of the chloride of lead being removed, and puce phoe ’ ’ 

A basic phosphite of hud, 2(Pb"O.Pb"l'HO») H«0, is form 
precipitated neutral salt with ammonia in a flask, and 

alcohol (H. Bobo). Another basic salt, Pb"0.2Pb"PiI0“, is loriuea Dy precipitating 
basic nootate of lead with phosphite of ammonium. 

Phosphite of Mae/nesiuvi is obtaiued by digesting the aqueous acid with basic 
onrbmiato of miignosium, and cv.aporatmg the ffltrate under an exhausted receiver, as a 
crystalline crust sp.iiingly soluble in -water. When heated it gives off water of 
erjBtallisatioii, and at a higher temperature decomposes with vivid incaiideseence. 

Phosphite of magnesium forms a sparingly soluble double salt with phosphite of 
ammonium — much more soluble, however, than tha corresponding phosphate 

Phoiphiie of llanganese, 2Mn"PHO^ II®0, obtaiued by adding an alltaline 
phosphite to the solntion of a manganous salt till none of the latter remains in excess, 
IS a reddish-white precipitate which is not quite insoluble in water, gives off its water 
of oryatallisatioii in drying, and decomposes at a stronger heat, -with vmd inoan- 
descenoe, and evolution of njdrogou and piliosphorettcd hydrogen, 

Phosphites of Potassium. — The neutiolsalt, K”HPO', is obtained by saturating 
the aqueous aeid with potash, aud eiaporating under the air-punip, as a syrupy mass 
in which crystals form after some time only. It is deliqiiosceut, easily soluble in 
water, insoluble in alcohol 

An acid phosphite of potassium, E^H’P’O' = K'PHO’ 2PH’0*, is produced by 
exactly neutralising 1 pt of aqueous phosphorous acid with hydrate or carbonate of po- 
tassium, then adding 3 pts. of the same neid, and evaporating in vaeno. Thehquid then 
solidifies completely to a mass of laminar crystals, unctuous to the touch, hanng a 
strongly acid t.iste, and very soluble in water. The salt does not lose weight at 200°, 
but decomposes at 260°, with evolution of hydrogen and phosphoretted hydrogen. 

An and potiassiiim-salt analogous to tha other acid phosphites has not yet been 
obtained. A solution of the neutral salt mixed -with as much pliosphorous acid as it 
already conhainSj and evaporated in a vacuum, yields after soma time a crystalline must 
of the aeid salt just described, the syrupy mother-liquor retaining nothing but ueutial 
salt. 

Phosphites of Sadiuni—Iho neutral salt, Na'PHO’.fiffO, is obtained by 
neutralising the aqueous acid with soda and evaporating in a vacuum, as a thick syrup, 
which after some time solidifies to a crystaUmo m.isB. According to Duloiig, the 
individual crystals are riiomhohedron^ approaching very nearly to cubes. They are 
easily soluble in water and in alcohol, hygroscopio, and deliquesce quickly on exposiu-e 
to the air, hut effloresce in vacuo over oil of vitriol, and give off all their water of eiwa- 
tallisation at 100° 

The aoid salt, 2Na’H’P’0".H’0, is analogous in composition to the acid f otassium- 
salt (excepting that it cont.iins water of crystalbsation), and is obtained in a similar 
manner. The solution crystallises completely by evaporation in vacuo, yielding shining 
prisms very soluble in -water, permanent in dry air, but quicldy deliquescing in air of 
the ordinary degree of humidity The salt gives off its water of crystallisation at 200°, 
and decomposes at 260°, evolving a largo quantity of phosphoretted hydrogen. 
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Phosphite of Strontium, 2Sr"PH0»H=0, is prepared by saturating phos- 
phorous Bckl with carbonate of strontium and BTnporating. A solution of chloride of 
stroutium mixed with phosphite of ammonium yields a scanty precipitate, which in- 
creases on evaporating tlio liquid. Phosphite of strontium is sparingly soluble in water, 
and is decomposed by boiling with water into a soluble acid salt and an insoluble 
nacreous basic salt. Tho dry salt is decomposed by heat, with evolution of hydrogen. 

Phosphites of Ttn—Uho stannous salt, Sn'THO’, is prepared by precipititing 
stannous chloride with aqueous phosphorous acid, and thoroughly washing the precipi- 
tate with water. It is white, insoluble in water, but soluble m hydroolilone acid, 
forming a solution whiob is an oxtremely powerful reducing agent The dry salt de- 
composes with intumescence when heated, pving off pliosphoretted hydrogen, and 
leaving a bl.iek residue. 

The stannio salt is obtained by mixing aqueous stannic cliloride with an alkaline 
phosphite, as a white precipitate which dries up to ii vitreous brittle muss. When 
strongly heated it gives off, not hydrogen but water, leaving a stannous salt soluble in 
hydroehlorio aeid 

Phosphite of Titanium. — A solution of titanic ebloride yields with pbosphita 
of ammonium a white precipitate, which when ignited gives off hj'drcgon and phosphn- 
retted hydrogen, and leaves a black residue containing phosphoric and titanic oxidea 

Phosphite of Zinc, 2Zn"PH0’.6H'0. — ^Alkaline phosphites precipitate sulphate 
of zino imperfectl;^ in the cold, completely when heated. The white precipitate is 
sparingly soluble in w.iter, gives oft' its water in drying, and when more stiongly 
heated gives off hydrogen, mixed towards tho end with pbosphoretted hydrogen. 

Aloohollo Phosphites. Phosphorous XStbers. Phosphorous acid, though 
dibasic aCid, is capable, as already observed, of forming ethers in which 1, 2, or 3 
atoms of hydrogen are replaced by alcobol-radieles. If one of the three hydrogen- 
atoms bo regarded as alcoholie(ii. 9161, and tho other two as basylous, these etiiers may 
bo represented by the following formulee, in which R denotes a monatomic alcohol 

R , 

Jlono-alooholio phosphorous ethers E’PRO’ = P"'LO* 

H'l 


R 


Ri-alooholie phosphorous ethers RHPRO* = P'">0* 
HR) 


Tri-alcoholie phosphorous ethers R’.PRO’ «= P"' lo’ 

R‘j 

Those which contain 1 or 2 atoms of alcohol-radicle are acid ethers c.apablo of forming 
metallic salts ; those which contain 3 atoms of alcohol-radicle are neutral. The acid 
ethers are produced by the action of trichloride of phosphorus on the corresponding 
hydrated alcohols j the neutral others by the action of triohloride of phosphoiais on tho 
corresponding sodmm-aloohols. 

There might also be mono- and di-alcoholic phosphites, constituted according to the 
formuliB HR.PHO’ and R» PHO> 

Amylio PBosFKiTiis—Amplphosphorous aeid, C*H"'PO’=H’.PC‘H'’Oh 
(Wurtz, Ann. Ch Pliys [3] xvi 227; Ann Oh. Pharm, Ivui 76.) — This and the 
following compound are produced by the action of trichloride of phosphorus on amylie 
aleohoL One vol. trichloride of phosphoms is slowly dropped into 1 vol amylie alcohol, 
and a small quantity of water very slowly added, the vessel being well cooled. After all 
the excess of chloride of phosphorus has been decomposed by the water, tho mixture is 
shaken np with an equal volume of water , the oily mixture of amylphospliorous aeid 
and amylie amylphosphite, which rises to the surface on leaving tho liquid at rest, is 
decanted and freed from hydrochloric acid byrepeated washing with water, and the amyl 
phosphorous acid is exhacted by a weak solut on of sodie carbonate (^a strong solution 
would likewise dissolve the amylie amylphosphite). Tho alkaline solution is then sepa- 
rated mechanically from tho amylie amylphosphite whichfloatsonthesurface , the portion 
which stiU remains dissolved therein isstparated by agitation with common ether; and the 
alkalme solution is .supersaturated with hydrochloric acid, whereby the amylphospliorous 
acid is separated, with strong turbidity, and at first rises to the surface in the form of an 
oil, in cons^pienoe of containing ether, hut sinks to the bottom after the ether is evapo- 
rated. Haatly, to free this oil from chlonde of sodium, it is dissolved in water, repre- 
cipitatcd by hydrochloric acid, gently heated after the hydrochloric acid has been 
dec.intcd, and placed in a vacuum, to remove the W'ater and hydrochloric acid. 

Amylphospliorous acid, is an oil which sinks in water ; it is nearly inodorous in the 
fresh state, but strongly acid ; dissolves readily in viater, and is precipitated therefrom 
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by by^sjoUoTitt acid. It yzelda by dry distillation a large quantity of combustible gas, 
and a email quantity of liquid distillate, leaving pliosplioroua acid, -which -when more 
strongly heated, gnes off plioaphovotted hydrogen gaa It biima -with a very smoky 
flame, leaving phosphorous acid. It reduces .•^ihcr-m/ts. After being kept for some 
time it no longer dissolves completely in iv.itor, and the solution quickly decomposes 
into amylic alcohol and phosphorous acid. The acid, sopiirated by hydroclilorio acid from 
the sodium-salt wliieh Iiiis been kept for sonio timo, likewise exhibits this behaviour. 
This oluinge of properties is pej-hiips due to tlie conversion of the amylphosphorous 
acid, PG'>H''0>, into mommi/Zicphnuphti', C'll" H.HIO^ 

Amylphosphorous acid decomposes alkaline carbonates with efTervcBcence, its salts 
decompose readily The ■potassium- and soJiumsa/ts can only he obtained in the gela- 
tinous state. The barium-salt dries np in vacuo to a soft deliquescent mass. The 
lead-salt is a white curdy precipitate, which decomposes even in the dry state, and 
quickly when moist, gmng ofi’an odour of fiisel-oil 

Manamijho AmylphospUtc, G'“H®'PO» =. H,C>H'>.PC‘H"0“. (Wurtz, 
he oit ) — Obtained ns above, and freed from amylphosphorous acid by washing with 
dilute Bodic carbonate till the residue no longer reddens litmus, it is then washed with 
water, and heated several times in vacuo to 80° — 100“ to drive off water and amybe 
chloride. Should the product he coloured, in connequence of the temperature diinng 
the reaction having been allowed to rise t lO high, it must be roetifled in vacuo, but 
this process is always attended with a certain amount of decomposition 
Amylic amylpliosphite is a colourless or palo-yellow oil, of specific gravity 0 967 at 
19°. It boils only at a high tomper.itnro, and with some decomposition, smells slightly 
of amylic alcohol, and has a very pungent disagreeable taste 

Wlieii pa.ssed in the state of vapour through a red-hot tube, it yields gases, among 
whioli phosphoretted hydrogen occurs. It may be sot on firo by a fl.iming body when 
strongly heated , p.ioer so.iked in it burns wlien set on lire, with a white pliosphoriis 
flame. It ahsurhs clthrine yas, with rise of temperature and evolution of hydrochloric 
acid I in tho dark at 0° there is formed Iierohy a product containing 1 at chlorine , but 
under the influence of heat and light, products very rich in chlorine arc formed, these 
bodies are colourless and viscid, and decompose after iv while, with evolution ofhydroohlorio 
acid. Hitrw aeid acts violently on amylic amylphosphito, yellow oily drops passing over, 
and a strong odour of valerianic acid being evolved Whoa it is boiled with solution of 
nitrate of silver, there is formed, with n certain amount of reduction, a black magma 
containing phosphate of silver. When exposed to moist air or kept in loosely closed 
vessels, it p-adually turns acid. By boiling aqueous ullahs, it is quickly lesolved into 
amylio alcohol, which passes over, and a residuo of .ilkaliiio phosphite 
Biamyhe Ami/lphaephiU, G'»H“PO» = (0‘H"yP0«H‘‘O». (Railton, Chem. 
Soe. Qii. J. vii. 218.) — ^Produced by the action of triclilonde of phosphorus on amylatu 
of sodium, the preparation bomg conducted in the same manner as for the ourresponding 
ethyl-compound (p 683); 

8C»H*'NaO + PC1» = C'»H"PO> + 3NaCl. 


It is an oily neutral liquid, having a very offensive odour, and decomposing more easily 
tlian diethyhc othylpho.sphito. It bods in hydrogen at 236°, is insoluble in water, 
soluble 111 alcohol and in ether 

Em^rnto Phosphites. — JEthjilp/iosphoroMs aoid, C^H’PO’ = 
H^PC^H'Os - P”jo* (Wurtz, Ann. Ch. Phys. [3] xvi 218.)-Produeea 
by the action of tnchlonde of phosphorns on hydrated alcohol : 

^ [ h[°J +2=0 + POP „ + C^ffCl + 2HCI. 

Trichloride of phosphorus is added drop by drop to the alcohol, in a vessel kept con- 
tinually cold from without; and the mixture is evaporated at a gentle heat, to drive off 
the chloride of ethyl and hydrochloric acid, first in the nir, and afterwards in vacuo 
the vessel containing the liquid being connected with an air-pump by u tube contain- 
ing hydrate of potassium The remaiiiing syrup ia then saturated with carhou.ite of 
barium, and separated by filtration from pliospliite of barium ; the filtrate is evaporated 
in vacuo; the dry residue treated with ahsolnto alcohol; tho liquid Tillered to 
seMrute the chloride of barium, and evaporated till tho barium-salt crystallises. 

^ xlio acid ilbplf IB seareely known, in conscQnonce of ita great tendency to resolve 
Itself into phosphorous acid and JilcohoL 

It is capable of Mchangiug one or both of its hasylous hydrogen-atoms either for 
metals or lor alcohol-radicles, thereby forming both acid and neutral salts The acid 
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metallic salts are produced by treating the acid with the respective baaea (Wairtz), 
the neutral suits by the action of strong buses on the neutral ethylie other or diethylic 
ethylphosphito 

Barinm-salts. — ^The ticjd suit, obtained as above in the prepara- 

tion of the acid, is a vhito, amoriihous, friable, deliquescent muss, which swolls up when 
subjected to dry distillation, giving off, first certain volatile products of the deeonipo- 
sitiQU of alcohol, then iihosphoreitcd hydrogen-gas, and leaving a mixture of b.irytia 
phosphate and oxide of phosphorus (or rod phosphorus). It is porraanoiit when dry, 
but in solution it is gradually resolved into alcohol and barytic metaphosphate, 
which orystalhses out ; 

Ba"H«.P=(C»H»)’0* + O' = 2(C'H*.HO) + Ba'P'O* 

It is very soluble in water and alcohol, and is precipitated fi'om the alcoholic solution 
by ether. (Wurtr, ) 

The neutral barium-salt, Ba"PC'H*0*, is prodneed by adding 1 at. diethylic ethyl- 
phosphitc to 1 at. hydrate of barium dissolved in hot ivater 

(C'H^PC'H'O* + Ba’H'O' - B.i,'TC?H‘0’ + 2(C'H'>.H 0). 

On gently heating the mixture, alcohol is given off, and the remaining liquid deposits 
tlio barium-salt on evaporation. It does not crystallise. It may be evapoiiitect m a 
water-bath without decomposing, but ou boding it is easily resolved uito akuhal and 
monobarytie phosphite (p. 629). 

2Ba'TG=H*0’ + 3lB0 = 2(C’H'>H0) -1- 2B,v"PII0' H'O. 

By decomposing tins salt with various sulph.itca, other neutral ethylphosphites may 
bo obtained, but none of them crystallise. (Eailton, Oliem Soe. Qu J vn 219) 

The aoid cappi’r-\aU, obtained by precipitating the acid barium salt with sulphate of 
copper, and evaporating the filtuite in vacuo, is a blue, amoiphous, soft, deliquescent 
mass, in which the copper is gradually reduced. (Wnrtz ) 

The aoid lead-salt, obtained by saturating the .leul with recently precipitated carbo- 
nate of lead, and evaporating the filtrate in v.icuo, forms shining, unctuous, crystalline 
scales, permanent in the air, soluble in w.iter .iiid alcohol, insoluble in ether. The 
aqueous solution gmdu.illy deposits phosphite of le.id. (Wu rtz ) 

The acid poiasstum-suU, obtained by precipitating tho burmm-s.ilt with auliiliate of 
potassium, and evaporating in vacuo, is a thick niicrystiillisahle syrup. (Wnrtz.) 
Eth/Uarijiio Kthi/lphosphite, C«H-«Ba"P'0» = (0>H')'Ba'VC'H‘0')' = 

(C-H*)' ) 

(P"')' )-0» —This salt is obtained by adding 2 at diethylic ethylphosphite to 1 at, 

Ba"(C'Il*)'J 

hydrate of barium dissolved in hot water, and gently heating the liquid for a few 
minutes. Alcohol is then given off, and the liquid, if carefully evaporated on a water- 
bath, deposits tho salt as a confused crystalline mass • 

r C«» ) -1 (C*H*)' ■) 

2 F" ^0“ + Ba"n'0' = (P’T ^0« + 2(C»H»H.O). 

L(C'H*)'> J (C'H^)^a"3 

This salt is very deliquescent, extremely soluble in water, soluble also in dilute alcohol, 
but only slightly soluble in absolute alcohoL It does not decompose ut 108°, 
(Bailton.) 

Etliylupotassio Eih/lphosphite, CW.K.PC'H'O', is obtained by decomposing the 
barium-salt with potassic sulphate. It crystallises with difllculty in thin plates 
xadifttiug from a centre It is deliquescent, soluble in alcohol, iiisoliihle in ether. 

The eodium-sah prepared in like manner resembles the potassuim-salt, but has not 
been obtained in the crystiiUiuc state. The nickd-, bon-, zinc-, and ■ma^nesimn-bAts 
obtained m like manner are also non-cryatallmo, and extremely soluble in water, but 
appear to bo insoluble in alcohol. On decomposing tho solution of the bavium-sult 
with cupric sulphate, the copper was reduced, even in a vacuum. (Eailton.) 

The corresponding hydrogen-salt, or etkyhe etliylphoephte, H.C'IP PG'H'O', has 
not yet been obtained. 

G'H* ) 

Diethyha Ethylphosphite, G®H'*PO' — P'" >0“. (Eailton, Chem, 

(G'H*)') 

Boo Qu. J. vii. 216.) — Produced by the action of triehloridc of phosphorus on ethylate 
of sodium : 

3C'H"EaO + PCT’ C»H>»PO» + 3NaGl. 

1 at trichloride of phosphorus mixed with five times its bulk of pure ether is added 
by small portions to 3 at. ethylate of sodium (prepared by acting on perfectly anhydious 
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alaolioi||w^ sodium in a retort provided with a coadeusing-tube, and evaporating to 
drynesalt 120°), the retort being kept at tlie boiling-point of etlier by a vrater-bath. 
The ether is then distiUed off, and the retort transferred to an od-bnth, in which it is 
gradually heated to 200°, and kept at that temperature till the whole of the ethylic 
pbosplute bus, distilled over. The distiUdte is reetitled several times in a current of 
hydrogen, the portion which comes over at 188° being e.ich time collected. 

DiethyUo ethylphosphite is a neutral somewhat oily liquid, having a peciihai'Iy 
offensive odour. Specific gravity = 1076 at 16 6° 33oiling-point in air, 191°; in 
hydrogen, 188° Vapour-density, taken in an atmosphere of hydrogen, =» 6'800 and 
S 877; calc (2 vol.) = 5'703. It is soluble in water, alcohol, and ether, and burns with 
a biiush-whito flame. Heated ivith baryta-water, it, yields the bariuin-siilt (or etbyl- 
barmni-solt) of otliylpbosphorons acid, according to tUo proportions used (p. 633). 

H C»H»0) 

AcETTn-p-rEOPHOSPHOEons Acid, OWP-O® = (P''Y >0". (N. Men- 

j 

Boliutkiii, Ann. Ch. Pbarm-cmnnii. 317 )— This acid, which is produced by the action 
of phosphorous aad on chloride of acetyl, may be regarded as resulting from the substi- 
tution of acetyl for bydiogen m a hypothetical pyrophosphoroiis acid, P“H'0", related 
to phosphorous add in the same mannor as pyrophosphorio to orthophosphorie acid ; 




To prepare it, 1 at. phosphorous acid and 1 at cHorido of acetyl are heated together 
in a sealed tube to 120°, in an oil-hath for BO to 06 hours, the tube being opened 
two or throe times during the process to give vent to the largo quantity of hydroohlorie 
ftoid which 13 set feoe. When the reaction is complete, the whole of the chloride of 
ucetyl IS found to have disappeared, and the tube contams a perfectly white crystalline 
mass, consisting of acetyl -pyrophosphoroiis acid- 

2PH“0> + 2CdP001 = H*P(C»H« 0 ) 0 » + C’H‘ 0 ’ + 2HCa, 


To purify this product, it is fii’St dried in a stream of carbonic anhydride, whereupon 
hydrochloiio and acetic acids pass off-, then converted into a potassium-salt, which is 
purified by two or three crystallisatioua; from tins the load-salt is prepared by precipi- 
tation ; and tho precipitate decomposed by aulphj-diie acid yields a solution of pure 
acotyl-pyrophosphoroue acid. On evaporating thie solution to a syrup, and leaving it 
o\cr oil of vitriol, the acid is obtained as a cry stalline mass, very much like orystaUisod 
jihosphorous acid, but less dehquescent. It contains P’(C“H®0)H"0’.2iI*0, gives off 
its water of crystalliBation at 100° , does not fuse, hut decomposes when strongly 
heated, giving off phosphoretted hydrogen. 

Acotyl-pyrophosphorous acid appears to be dibasic, forming salts which may be 
H C®H‘Oi 

represented by the general formula, (P'")’ vO*. The potassi^im-eali forms crystals. 


which contain P'(C’H'‘0)IIK’0’ 2JH-0, give off IJH^O at 100°, and the remaining 
1 at, at 120°. Tho ciystals are very soluble in water, and effloresce qiuekly, splitting 
at the same time into lumps, in au easily-determined direction of cleavage. By 
boiling with excess of potash, the salt is resolved into acetate and phosphite of 
potassium. — The banum-salt, P“(C'*H‘‘0)HBa''0*, obtained fr’om the potassium-salt by 
doiiblo decomposition, is a precipitate which becomes crystalhne after a while — The 
lead-salt, P“(C’H“0)HPb''0‘, is a white precipitate . — Nitrate of silver forma with the 
pot.i*sium-salt a white precipitate, from which when thrown on a filter the silver is 
instantly reduced. 

(O'H")'’) 

TEiTyLEHB-PHOsPHOEOUB Aciid, G'n^PO" = P'" 40’?— Kane, by acting 


bn acetone with iodine in presence of phosphorus, and neutralising with carbonate of 


barium, obtained a salt to whioh he assigned the formula 0‘IPBa^PO^ or 0'H“Ba’PO’. 
According to E. Mulder, however (J pr. Chem. xei. 472), if the product of theroac- 
tion he treed from iodine by digestion with water and agitation with mercury, then 
neutralised with carbonate of barium, and the resulting barium-salt pnnfled by 
repeated precipitation with alcohol fiiom the aqueous solution, it finally exhibits the 
composition of iritt/lme-jihosphiie of barium, (C’H'')’Ba''P’0® (Mulder regards it us 
a phosphite of barium and acetone) Tho solution of this salt treated with oai'honate 
of sodium, yields a precipitate of barytic carbonate and a solution of intylene-phoap kite 
of sodium, (C’H*)''NaPO'', which remains on evaporation as an amorphous mass. 
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Pbosphorio Anbydrlde, Acids, and Salts, 

PeNTOSIKE OF PnOSPHOKCS, PhOSPHOHIC OxiBE OB ASHTCDnlBB, P*0‘. 
—This oxide ie the sole product of the rapid combuatioii of phosplioras in excess of dry 
air or oxygen. Tlio combustion is easily effected in a largo three-nocked glass globo 
E {fin 7371. in the centre of \i hicli is suspended a liorcckiin dish o, attacUed by menus 
of pliitnium-wire to the wida tube a A, ivlueh is closed at a with a cork Ono of the 
lateral openings of the globo eommameate-s with a U-tubo d, containing pumico soaked 
in oil of vitriol to dry the air ivliieli entora the globe, while the other lateral opening 
communicates inth a wido-monthod bottle /, destined to receive the product. The 
phosphorus m tlia capsule is ignited by a hot wire, the cork inserted in the vertical 
tube, and a current of dry air passed through the apparatus by means of an aspirator 
connected with the ent-tube ff of the bottle/, or by a blower attached to the drying- 
Ftff. 737. 



tube d, or by other means. From time to time fresh pieces of phosphorus aro dropped 
into the capsule tbrongli the vertical tube, which is recorked after each addition The 
phnsphorio oxide produced by the combustion condenses as a white deposit in the 
globe and in the bottle / If the supply of air is not sufBoient, the product will be 
contaminated with phosphorous oxide 

A simplified apparatus for preparing phosphoric anhydride is described by Gra» 
bowski(Auii. Ch. Pliarm. oxxxvi. 119) 

Phosphoric oxide, as above prepared, forma a snow-whito, floceulent, amorphous deposit, 
inodorous when free from phosphorous oxide, and not affoctiiig htmus-pnper wliau 
perfectly dry. It sublinies below a red heat. Whou heated with charcoal it is de- 
composed, yielding carbonia oxide and phosphorus. It is also decomposed when 
heated with easily oxidisabla metals. Heated with peutaehloride of phoaphonis 
(Weber, p fil3), or with perfectly dry chloride of sodium (Lautomann, Ann. Ch. 
Fharm. cxiii. 240), it yields phosphonc oxychloride POCl* It baa a powerful attrac- 
tion for water, dissolving in it with a hissing noise and great development of heat, and 
deliquescing quickly in contact with moist air. It likewise acts as a powerftil dehydrat- 
ing agent, abstracting water from acids, alcohols, and manyother bodies when heated with 
them. Strong sulphuric acid, for example, heated with phosphoric anhydride is con- 
verted into eulphnne anhvdride. It mutes with water in three proportions, forming 
three acids, H^O P“0‘, 211=0 P'O*, and 3H=0,P=0», denoted by the geneno name of 
phosphoric acids At a rad heat it expels the volatile anhydrides from their salts, 
producing phosphates containing various proportions of base, according to the facility 
with which the volatile anhydnde is expelled. (Odling, Phil. Mag. [4] xviii. 168 ; 
Jahroab. 1859, p, 151 ) 

Phosphoeio acid.— Phosphorettedhydrogen, PH=, burnt in air or oxygen takes up 
4 atoms of oxygen and forms phosphoric acid, H=PO*. The same acid is also produced 
by the oxidation of hypophosphorous or phosphorous acid , by oxidising phosphoras 
with niti'ic acid , by the decomposition of apatite and other native phosphates , and by 
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tTi0 action of 'boiling water on phosplioric anhydride. This acid ia tnbasio, forroiDg 
three distinct elaasoa of metallic aalts 'With sodium, for example, it forms the three 
palts NaH^PO*, Na^HPO*, and Na“PO<, the drsl two of which, still containing replaee- 
able hydrogen, are acid aalts, while the tliird la neutral The tlu’ce atoms of hydrogen 
in phoaphorio eeid may he replaced in hke manner by alcohol-radiolos, forming acid 
and neutral ethera. 

If now inonoeodic phospliato, PlaH’PO*, he heated to redness, it gives off 1 atom of 
water and leiivcB an anhydrous monoaodie phoapliato, NaPO“ = NuH’PO^ — H^O,the 
aqueous aolution of which, when treated wiOi nitrate of lead, yields a lead-salt of cor- 
rcspouduig composition : thus — 

2NnPO» + Pb"(NO«)’ - Pb''{110‘)* + 2NallO*; 
and this lead-salt, decomposed by sulphydricacid, yields a monohydrir acid haying the 
composition HPO*, possessing properties quite distinct ftom those of the trihydric acid 
above mentioned : 

Pb"(PO»)’ + ffS = 2HPO* 4- Pb''S. 

The tribydrie acid which is produced by the oxidation of phosphorus, aud by the 
decomposition of the ordinary native phosphates, is called orthophosphono acid 
or ordinary phosphoric acid; the inonohydrio acid is called metaphosph orio 
acid. 'Xhe former may be regarded as a tnhydrate, thelattor as a monohydrate of 
phosphoric anhydride • 

2E*P0* = 3H'0.P'‘0* orthophosphoric acid. 

2HPO'‘ -= H=0.P*0» mctaidiosphoric acid, 
lioth ore soluble in water, and the former may ho produced by the action of boiling 
water, the latter of cold water on phosphoric anhydmde. They .ire easily distinguished 
from one another by their reactions with albumin and with iiitnite of silver. Meta- 
phnsphorie acid coagulates tdbumiii, and gives a white precipitate with nitrate of 
silver; whereas orthophosphoric acid does not coagulats albumin, and gives no pre- 
cipitiite, or a very slight one, with nitrate of silver, tiE it is neutrahsed with an alxali, 
in which cose a yellow precipitate is formed. 

Metapliosphono acid and its salts differ from orthophosphono acid and the ortiio- 
phosphutea by the want of one or two atoms of water or base, the relation between 
tlie two dasaes of salts being siniUar to that between ortho- and meta-silioates, car- 
bonates, &o. (p. 288): thus— 

Motaphojpliatei. Ortliophoaphates. 

HPO« = H«PO‘ ~ H“0 

NaPO» - NaH'POi _ h»0 

Ba“P=0« = BiPH'P’O' - 2H“0 

AgPO» - Ag>PO‘ ~ Ag*0 

Pb"P»0« = fb»PO« - 2Pb"0 

Accordingly, we find that motaphosphatos and orthophosphates are convertible one into 
the other by the loss or gain of one or two atoms of water or base : thus — 
a A solution of inotaphosphonc acid is eouverted, slowly at ordinary temperatures, 
quickly at the boiling heat, into orthophosphoric aeid, and the metaphosphates of 
sodium and barium are converted by boiling with water into the corresponding mono- 
inntallio orthophosphates (see the first three equations above).— /8 The metaphosphate 
of a heavy met.ii, silver or lead for example, is converted by boihng with water into 
trimetallie phosphate and orthophosphorm acid ; 

SAgPO* + 3H=0 =. Ag’PO* + 2H»P04. 
y. When any mefepliosphate is fused with an oxide, hydx'ate or carbonate, it becomes 
a tometaUic orthophosphate- e g . — 

NaPO> -1- NaW =. Na»PO< -t CO® 

On the other hand; (5), when orthophoaphorio acid is heated to redness, it loses 
water and becomes metaphosphono acid; and when a mononiptallio orthophosphate is 
heated to redness, it also loses water and is transformed into a metaphosphate Or if 
one of the bases of a dimetallic orthophosphate is volatile, a motaphosphato is likewise 
produced by heating the salt to redness ; thus with sodio-ammomc Qrthupho.sphate 
(microscosmie salt) ; o 

Na(Nff)HPO« - (Ifni)HO = NaPO®. 

«. A trimetallie orthophosphate fused with a fixed anhydride, silicio or bone, for ex- 
ample, is converted into a metephosphate by ahstraetion of an atbin of base, thus 

Na'PO' + SiO® = N.i®,SiO® h- N.iPO®. 



PHOSPHOKIG ACID. 


537 


When pliosiihorio anhydride is fused with the salt of a Tolatfle anhydride, an ortho- 
or inofa-pUosphate is produced, aecordiiig to the facility with which the yolatilo 
anhydi'ide oiin ho expelled &om the hase. Thus with sulphate of magnesiuni, the 
product is on orthophosphate : 

+ 3M:g"SO< = + 3SO»; 

but with sulphate of potasBium, in which the sulphimc anhydride is lotainod with 
greater force, a mrtaphoaphato is produced, thus: — 

P’0“ + E^SO* = ZKPO* + SO”. , 

Intermediate between ortho- and meta-phosphates there are at least three distinct 
classes of salts, the most important which are the pyrophosphates or poraphos- 
p h a 1 0 s, or M/'P'O'*. These salts may be viewed as eompouuda of 1 at. ortho- 

pliospliate and 1 at. metaphosphate: M'P’O’ =. ]M“PO< + MPO’. 

Pyrophosphate of sodium is produced hy heating disodic orthophosphate to redness, 

2Nn=HP0‘ = Na'P^oi + H>'0. 

The solution of this salt yields insoluble pyrophosphates with load and sdvor salts: 
thus with nitoto of lead — 

Na^P»0’ + 2Pb"N»0« » Pt«PW -l- 4NaNO»; 
niid^pyrophMghate oMMd^dpeomposed by sulpliydric acid, yields pyrophosphorio 

Pb“P»0» + 2H=S = + 2Pb"S. 

Pyrophosphates ate easily converted into motaphosphates and orthophosphates (and 
vice versS,) by addition or subtraction of water, or a metallic base. 

a The production of a pyrophoaphato from an orthophosphate by loss of water has 
been already mentioned — jS Ooiiversely, when a pyrophosphate is heated with water 
or a base, it becomes an orthophosphate a. p. — 

Ea^P'O’ + H»0 =. 2Na=HP0* 

Na<P»0' + 21IaHO = 2Ntt"P0‘ + H’O. 

7. Pyrophosphorio acid he.itcd to dull redness is converted into metapliosphorio 
and ; H’P“0’ — H^O •= 211PO’. Tho converse reaction is not easily effected, inas- 
much as metapliosphorio acid by absorbing water generally piassea directly to the state 
of orthophospuono acid. Pehgot, however, observed tho formation of pyroph^hotio 
from met.iphosphorio acid by very slow absorption of water (p. 53fl). — S. When a 
motaUio metapiliosphate IS treated with a proper proportion of a hydrate, oxide, or ear- 
bouate, it is converted into a pyrophosphate : 

2NaPOs + ifa^CO* = Na<P«0’ + CO>. 

Ploitmann and Henneborg (Ann. Ch. Phann. Ixv. 304), by fusing together an 
atom of pyrophosphate of sodium, Na^PO'.NuPO'', with two atoms of motnpliosphate, 
EaPO*, obtained a salt having the composition Na“PO* SNaPO’ Mu“P’0*'‘, which 
is soluble without decomposition in a small quantity of hot water, and crystalliaes from 
its solution by evaporation over oil of vitriol. An excess of hot water decomposes it, 
but its cold aqueous solution is moderately permanent. Insoluble phosphates of similar 
composition way ha obtained from tlie sodiiim-salt hy double decomposition. Pleit- 
nianu and Eeuneborg obtained another crystallisahle hut very insoluble salt, having the 
composition Na“POb9NaPO’ ■= Nn’-'P'W, by fnsmg together 1 atom of sodic pyro- 
phosphate with 8 atoms of tlie metaphoephate ; and insoluble phosphates of similar 
constitution were obtained from it by double decomposition (see further Uolsmanu, 
Ann Oh Pliarm. cxviii 99). 

The relative proportions of base and anhydride in these different phosphates is best 
shown by according to them all the quantity of base contained in the most complex 
member of the series, that is to say, 6 atoms, as m the following table: 

Orthophosphate 6M?0 2P’0> = dM’PO'. 

Pyrophosphate 6M^O 3I«0‘ = 3M‘I«0’. 

Pleitmaun and Henneborg’s Phosphate (a) . , 6M“0.4P*0* = 2M'‘P*0‘’. 

Pleitmann and Hennober^s Phosphate (i) . . eM'O 5P“0' = m«P'“0«. 

MotaphoUphate 6M;>0.6P*0» =. 12MPO’ 

Tlie several modifications of phosphoric acid and their salts have been examined 
chiefly by Berzelius (Ann. Ch. Phys. [2] ii 151, 217; x 278), Mitscherlich 
(li/t!. XIX 350); G.iy-Lussac (jW xli 331); Clark (Ed J. of Sc. vii. 298), 
fcJtromeyer(Schw. J.lnii 123), Graham (Phil Trans 1833, p. 263; Phil. Mug. 
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[3] IV. 401); M.iddrell (Mom. Chem Soe iii. 273; Ann Oh. Phnrm. Ixi. 63); 
Kainmelsberg (Ann Gh Ph-irm Ivi 210, Ixxii. 260; Jnhresh 1847-8, p. 338) ; 
Schwarzonborg {ihd. Ixv. 133; Jahrosb 1847-8, p. 346),‘Peraoz (Ann. Ch. 
Pham. Ixv. 163 , .Talirosb, 1847-8, p. 352); Plaitmann and Henneberg (Ann. Oh. 
Pharra, liv. 304, 387; Jnhresb 1847-8, pp. 354, 367); H Rose (Ann, Gh. PImrm 
Ixxvi. 2, 13; Ixxvii. 319; Jalu-esb 1847-8, pp. 231, 351); Vogeh (Ann. Gh Pharm. 
Ixix. 130, J.ahresb. 1847-8, p. 694); Heintz (Ann Ch. Phai'in, Ixviii 207, 287; 
Ixxu 264; .Taluesb. 1847-8, p. 342, 1819, p 634) , Ruewsky (Coinpt rend. xxvi. 
206;Jahre8b 1847-8, p. 240); Baer (Ann Ch Pharm Ixviu 266; Jahresb. 1847-8, 
p 3i0) , Werther (Ann Gh. Pharm Ixvin 312, Jahresb. 1847-8, p 419), Ludwig 
(Jahresb 1847-8, p. 339, 1849, p 230, 1862,p 381), Fleitraann (Ann, Ch. Pharm. 
IxM i 231; Jaiu-eab 1849, p. 233), Boynoao (’Ann. Gh Pharm. Ixxxiii 98. Jahresb. 
1852, p 318); jM.irignae (Ann. Oh. Pharm Ixxxvm 282, Jahrosh. 1863, p 339), 
p'roa en ills (Ann. Ch. Pharm. Ixxxvi p. 216, Jahresb 1853, p 322), Braudes 
(Ann, Ch, Pharm. hcxxviu. 272 ; Jahreah. 1863, p. 381). 

METAPHOSPHonia Aoin, HPO“ » ^jo’ = |o, or H'O.P'O" — This 

acid, discovered hy &rahara, is obtained, as already observed, by acting on phosphoric 
anhydride with cold water, or by heating orbhophospUoric or pyiophosphorio acid to 
redness. Orthophosphate of ammonium may bo substituted for the orthophosphoric 
aoid; but it is difficult to expel the last traces of ammonia, Metaphosphorio acid is 
also prepared by decomposing some of its salts with another acid, as by exposing the 
lead-salt suspended m water to a current of sulphydric ueid gas 

Metaphosphorio acid in tho solid state, ns obtained by evaporating its solution and 
lic.itmg tlio residue to redness, or by boiling ortho- or pyropSosphorio acid to redness, 
fornts a transparent) colourless, glassy, imcrystaUisable mass, which dissolves slowly 
though somewhat abundantly in water, forming a strongly eoid. liquid. Its solution 
mves whito precipitates with solutions of albumin, nitrate of silver, and chloride of 
oanum. The last-mentioned precipitate is soluble with difficulty in a Urge excess of 
tho aoid. With molybdate of ammonium it gives no precipitate or coloration, until, by 
the action of tho free nitric acid present, it h.is been foirly converted into ortliophos- 
photio acid. 

Metaphospliorie acid is converted slowly at ordinary temperatures, qnioldy at the 
boiling heat, into orthophosphone acid, without passing through the intermediate stage 
of pyrophosphoric ocii Metaphosphoric acid vohitihsos completely at a bright red 
lieat, but, according to H Rose, its composition varies during the volatilisation, the 
last portions volatilised consisting of metaphosphorio acid and phosphoric anhydride , 
but metapliospliono acid cannot be completely dehydrated by heat, or indeed by any 
known process. 

AfetapAosp/jairs, MPO’ or 'M’PW — These salts are produced. 1 By treating 
the acid with buses. — 2 By igniting a mouometaUio oitliopliosphate of fixed base, or a 
dimetallio orthophosphate L.iving one fixed and one volatile base (ammonio-sodio phos- 
phate, for example), or a monomeUlhe pyiophosphate — 8 By double decomposition, 
tlio msolnhlo mctupliosphatos of siher, lead, and barium, for example, from meta- 
phosphate of sodium, and the ammomum-salt hy decomposing metaphosphate of le.id 
intli sulphide of amiiionnim. — 4 By heating trimctiillio orthopliosphates or dimetalho 
pyiophosphatcs wuth the proper proportions of phosphoric anliydnde or acid : thus — 
Na^PO* + P“0» = 3NaPO= 

Na^P^O' + Pi>0» - 4NaPO“. . 

Metaphosphates may therefore ha regarded as anhydro-salts of orthophosphates and 
pyropliosphates, a rehttioii further exhibited by the behuviour of sodio or ooloio meta- 
phosphate when heated with charcoal, the salt then splitting up into a trimetalho 
ortliopliosphate irrediicihle hy the charcoal, and phosphoric aiiliyibide, which is decom- 
posed hy the charcoal into carbonic oxide and phosphorus vapour (p. 600). 

Metaphospliates of alkali-mctals are fusible, soluble salts, not usually crystalline. 
The metaphospliates are readily decomposed hy other acids , thus even acetic acid will 
decompose metaphosphate of sodium, as shown hy the fact that a mixture of acetic aeid 
and metaphosphate of sodium precipitates ulhumin, although neither reagent separately 
will produce that effect The circumstances imder which metaphosphates are con- 
yfrfoS orthophosphates have been already considered 

" ■ ■/ hosphates. — Tho metaphosphates are remarkable for ex- 

Iiibicmg very autarant properties, according to the manner in which they are prepared. 
These differences are generally attributed to polymeric modifications, the formulie of 
which are determined chiefly hy the relative numbers of atoms of the two bases eon- 
tuinod in the respective double salts. 
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o. — Ordinary niPtaiihosphoric arid, obtained by the 

prooosscs aboi u deseribcd, forms double salts containing quantities of monatomic metal 
in the ratio of 6 at to 1 at., or equivalent quantities of dintoraio metal — tlie calcio- 
sodio salt, for example, having the composition Ca“lIa*(PO")'*, or 21faP0’.5Ca"P-0“ 
The ordmnry sodumi-metnphosphate, obtained by igniting monosodio orthophosphate 
and sudden cooling, forms a vitreous mass, tho nqiieons solution oftebich giics geU- 
tinous precipitates with the salts of the heavy metals and nlkahne eardi-mofals 

,8 Tnmetaphoaphates, M^P-'O". — When a considerable quantity of ordinary fused sodio 
niotaphosphato is allowed to cool very slowly, the tail in sohditying acquires a beauti- 
fully orystallme structure ; and when this muss is digested in a shght excess of warm 
water, the hquid sepai-ates into two layers, tho larger stratum conUiumg the crystaUiue 
and t)io smaller stratum tho ordinary vitreous salt. The solution of the crystalline 
variety gives hydrated aystolline precipitates with salts of the heavy metals. The 
formulaj of tho ciystalhne silver-salt thus produced is 3AgP0*.II-'0. Tho mota- 
phoBphoric acid obtained from these salts forms double salts containing 2 at of one 
monatomic metal to 1 at. of another, or quantities of diatomic metals equivalent to 

7. Dmetaphosphatea, IPP’O* — When oxide of copper and a shght excess of aqiieons 
phosphoric acid are heated together to 3fi0°, a erystiUline powder is formed, insoluble 
in water, but soluble, with tlio aid of heat, in siilpliurio acid and in ainmoma. The 
corresponding motapho.spliatos of the allcali-metalb, which are obtained by treating the 
copper-suit with sulphide of potassium, &c., nro soluble in water, crystalhs.ihlo, and 
converted by heat into insoluble salts. These metaphoaphates li.ai o a strong tendency 
to form double salts, all of which contain equal or equivalent numbers of atoms of the 
two bases. Pur example, on mixing a concentrated solution of tlie potassinm-aalt with 
chloride of sodium, or of the sodium-salt with chloride of polassniiii, a crystalline double 
salt is obtained, having tho composition NaKP*0“.H'O, Again, concentrated solutious 
of the ammonium-salt and ciipnc chloride mixed together, deposit, on addition of alcohol, 
blue orystallme needles, liaving the composition (NH'‘)*C'u"P'0'*.2H®0. 

? Tetramtapho&pkaias, IPP'O'® — Another variety of metaphosphate is formed by 
heating phospliorio acid with oxide of lead, bismuth, or cadmium, or with a mixture of 
2 at, sodio hydrate and 1 at. cupric oxide. The load-salt is easily decomposed hy 
alkaline sulphides, aud yields the corresponding salts of the alkali-mctals The 
sodium-salt in combination with water is viscid and elastic, and forma, with a hirger 
quantity of water, a gummy mass, which will not pass through a filter. The double 
salts of this variety of motaphosphorie acid coutain equal or eqaivident mimbers of 
atoms of their two bases, like those of the preceding , hut ns they differ m physical 
properties, it is probable that they are polymeric with the latter, the sodio-cuprio 
salt, for example, having the composition NiriCu-’P'O*' 

«. Monmetaphosphates, MPO*. — Lastly, there is a variety of metaphosphates dis- 
ooveied byMaddrell (Mem. Ohem Soc. lii 873) which aro remarkable for their 
insolubility in water. The potassium-salt is produced by igniting hydrate of potassium 
and phosphoric acid together in equivalent proportions , the ammonium-aiilt by heating 
dimetaphosphata of ammonium to 260°. These mebiphosphates ai-e also formed hy 
adding phosphoric acid in excess to solutions of sulphates or nitrates, evaporating tu 
dryness, and heating tho residues to 316° or upwanls. They are oiystalhne oSiy- 
drous powders. There are no double salts of tins variety. 

PTEorHospHOEioAcip,H<P=0’ = •=■ H“PO'.HPO« =. 2H=0J'0’. 

— This acid, discovered hy Dr Clark of Aberdeen, may ho prepared by evaporating a 
solution of orthophosphoi’io acid fill its temperatiu'e rises to 216° but the product is 
always som ’ ' ■ ‘ .... .i , . -OTprodiict 

is obtained ■ . vaporating 

the filtrate ^ i . . d forms a 

soft glass Peligot, however, found (Ann Ch Phys [2] Ixxiu 286) that fused 
phosphoric aoid (metaphosphorie acid), left to itself in a botflo for several years, 
during which time it absorbed water, formed at the top transparent crystals of ortho- 
phosphoric acid, in the middle a mother-liquid of speoiflc gravity 1 7, ana at the bottom, 
opaque indistinct crystals of pyrophosphonc acid resembling loaf-sugar. 

Pyropjiosphorio aoid is converted into metaphosphorie acid when he.itcd to redness, 
and into orthophosphorio acid when boiled with iiiitor The last conversion takes 
place also at ordinary temperatures, but very slowly, so tliat the aqueous acid may ha 
kept unaltered for even half a year (Oraham) Pyrophosphonc acid in aqueous 
solution does not precipitate alhunan, Mm ide of barium, or nitrate of silver, but after 
neutiMlisatiou it gives white precipitates with the Inst two reagents, 

Pjtrop/ios^ftaifas.— Pyropho.sphorio acid being tetrabasic is capable of forming 
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fovtt classes of salts, three acid audone neutral, represented, in the ease of monatomie 
metals, by the formula: . 

and M*P=Oh 

The neutral pyrophosphates may he produced, as already ohserred, by igniting dime- 
tallio orthophosphates , also, by neutralising the aeid -vrith bases, or by heating any 
form of phosphoric acid, oramotaphosphate, until n quantity of oxide, hydrate or car- 
bonate, soffleient to fhruish the required quantity of base ■ e. g ~ 

2HPO> + 2Na."CO» = NaT^O- + 2CO» + ffO. 

2NaPO» + 2NuHO = Na'P'O’ + ffO. 


Many pyrophosphates are formed by double decomposition Solutions of pyrophos- 
phates, even when much diluted, give precipitates with salts ot oalemm, bantim,ka<l 
and silatT. The precipitates formed by soilio pyrophosphate iu solutions of copper 
meJsd, and some other metals, are double salts, containing 2 at. sodium to 3 at. of the 
diatomie metal (p. 237). e.g — 

2Na<P*0’ + 30u"Cl» = CnWP*0“ + 6Na01. 

This constitution is exhibited by most of tho double pyrophosphates, and seems to 
favour the notion that these salts are compounds of orthophosphates and metanhos- 
phates: thus, CuWP'0>* = Cu''P=0»2NaP0» 

Among neutral pyrophosphates, those of the alkali-metals only are soluble in water; 
their solutions have a slight alkaline reaction, and cannot be boiled without conversion 
into ortbopbosphates The otliei; suits are soluble in aoid‘, and generally m an excess 
of sodio pyrophosphate, fonuing the double salts just mentioned, which exhibit a pecu- 
liar behaviour with reagents. Thus, from a solution of feme or manganous pyrophos- 
phate iu pyropho.splmto of sodium, the heavy metal cau scarcely bo precipitated by 
sulphydiio acid or sulphide of ammonium The ineoluble pyi'ophosphates are soluble 
also in excess of the heavy raetallie salt from which they are precipitated, the solution 
m precipitatedby heat, and the precipitate is not redissolved on cooling— as is the ease 
with orthophosphates under similar cu'cumatances The alkaliue-eai'thy pyrophos- 
phates dissolve with difSculty in acetic aeid. 

When a pyrophosphate containing a metal reducible from its oxide by heat alone is 
ignited in a stream of hgdroqtn, tho metal is reduced, and water, phosphoric acid, and 
other phosphorus-eompounds are separated; if tho oxide is iiTediioible by itself, but 
mlueiblo by hydrogen a metaUio phosphide is formed, while water and various phos- 
phorus-compounds escape; if tho oxide is not reduoible by hydrogen, the pyrophos- 
phate is reaubed into an orthophosphate and phosphoric anhydride f3]VPP*0’ = 
4M“P0' + P=0«), which latter is partly dccoinposodiuto phosphorous acid, phospho- 
rottod hydrogen, and red phosphorus (Struve, J p Chom Ixxix. 345 ) 

The other reactions by which pyrophosphates are converted mto ortho- and meta- 
phosphates have been alro.idy oousiderod. 


_ , " or SffO 

produced, as already observed • l.’Sy the action of boiling 
shydrido, metaphospborie_ acid, or pyixjphosphorio acid —2, By the ec 


osphorettod hydrogen in air or oxygen —3 By the oxidation, spontaneous 
of hypopiiosphorous and phosphorous acids.— 4 By oxidising phosphe - 
ir hypochlorovLS acid — 6. By decomposing its salts with acids, tneo 


plin.'-phor 
bustionofph 
or otiierwiso, 

with uiUic or liypoclUorous acid —8. By decomposing its salts with ^hida, tnealoic 
phosphate (bone-earth) for example, with sulphmic acid, or phosphate of lead with 
Bulphydric acid, — 6. By tho action of water on phosphoric oxychloride: 

PCBO + 3ffO = H»PO* + SHOl. 

SycUoride^* Tuautity of water, yields phosphorio 

POP -h ffO = 2HC1 + PCPO, 
which may he converted by a laiger quantity of water into phosphoric acid 
Preparation.— 1. Sj/ the aoUon of mtrus Acid on Phosph.rm.—One part of 
phosphoimsis heatcdinaietoit wth about 16 nts. of dilute nitric acid of speeiflo 
gnmty 12 until it is dissolved. Tho distillate winch contains some phosphorous acid 
IS then returned to tho retort, and tho entire liquid is evaporated down. At S certain 
degree ot concentration, a very considerable effervescence ocoiu-s, due to the oxidation 
of the phosphorous aeid into phosphoric acid. SmaU quantities of nitric acid are then 
HcUled from time to time, untd tho last addition no longer produces effervescence, after 
which the liquid is evaporated to expel the nitric amd If the evaporation is carried 
ho fur as to produce pyrophospUoric or oven metaphosphortc acid, the residue is to be 
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boiled for a Bhort time in water, whereby these last two acids are rcconvortod into 
ortbopbosphorie aeid 

2, From Hone-ash — Bono-ush is decomposed by sulph>irio acid, ns described on 
page SOO, and tlie acid solution flltored from the insoluble gypsum is concentrated to a 
smuU bulk and mixed with more sulphnnc aeid, uheroby a further precipitate of 
gypsum is formed, wliieli after dilution with water is separated by straining through 
linsn. This opeiatioii of orapor.ition to a small bulk, treatment with sulphuric acid, 
dilution inth water, and filtration, is repeat! d n second and oren a third time, till the 
limo IS complihely remored The acid is next evaporated to a syrup, and gently 
Ignited to expel the sulpaiirie neid, Tho residue, which still contains magnesia and 
soda, derived from the bone-ash, is freed from the greater part of these impurities by 
solution in boiling water, concentration, and heating for about half an hour to 316°. 
A white powder then separates, consisting of sodio-miiguesic raetaphosphate, 3Mg"P-0*. 
2KaPO® The syrupy mass is left, to cool, afterwards dissolied in cold water, 
and the liqiud is flltored The filtrnto when boiled constitutes a solution of ortlio- 
pliosphorio acid, contaminated with a trace of sodium, but otherwise puce. To obtain 
a perfectly pure phosphoric acid, rceoiirso must be had either to the oxidation of 
pbosplioins with mtrio ucid or to tho following process. 

3. From Fcntaoldurido of F/mphorits . — Clilonne is passed in excess through 
phosphorus melted under water, whereby pentachlovide of phosphorus is produced, and 
immediately decomposed by the water into hydrocldoric and orthophosphoric acids : 

P01‘ -)■ iH-’O = H“P0‘ + 6HC1. 

The phosphoric acid may be freed from hydrochloric acid by ebullition. 

Piosfriws —Orthophosphoric acid may be obtained in hard, tnuisparent, prismatic 
crystals, by concentrating its solution to a thin syrup, and then allowing it to stand for 
some time over oil of vitriol. 

According to Sehiff (Ann. Oh Phnim. cxiii. 183), tho speoifle gravity of tho 
aqueous solution vaiuos with its strength in the manner shown by the following 


Speebte Rravtly Perrentage of 
TOSSS 2i 

1'06S8 36 . 

1-1065 64 , 


SpeclSc gravity 

Aies 

1*2338 
1 3840 


The aqueous solution may he heated to 160° without altering the oharueter of the 
acid, but at 218° it is converted principally into pyropliosphorie acid, while above 
tins temperature metaphosplioric acid begins to be formed, and, after tho opplieation of 
a frill red heat, constitutes tho entire residue. 

Aqueous orthophosphoric acid has a strong acid reaction, and at a boiling heat 
decomposes the salts of moat volatile acids It docs not precipitate solutions of 
albumin, chlonde of barium, nitrate of silver, or ferric chloride, until eonipletely or 
partially neutralised, when it gives the reactions presently to he described. 

Orthophosphates — MU’PO^ and M”H*P®0“, monometallio or diand salts; 
hPHPO^ and M"HPO*, dimetallie or monoaeid salts , M'lPO*, l&*P-0*, and M^PO*, 
tnmetallio, neutral, or normal salts There are also superbusic orthophosphates, many 
of which occur its natural minerals— c.^. green ironstone, Pe'''P0\Pe''H’0“; 
turquois, Al"PO^ Al'^'H^O*-^ II'O. 

Many other phosphates are also found in nature, though raiely in a state of purity ; 
they frequently occur mixed in various propoitious with arsenates, with which they are 
isomorphous Several native phosphates are found in combination with fluorides or 
chlorides- — the apatites and wagneritcs, for example. H. Deville and Carou (Ana. 
Ch. Pharm i-ix 242) have prepaied crystallised compounds of this kind by igniting a 
trimotallic phosphate with an excess of the corresponding ehloiide or fluoride, and 
washing out the excess of the clilonde or fluoride from the cryatallisod compound, 
which separates on cooling 

The phosphates of the alkah-metals are usually prepared by treating pliosphorio 
acid or diealcic phosphate (superphosphate of lime) with alkidine hydrates or 
carbonates. Dioalcic phosphate boiled with solution of sodie carbonate yields the 
ordinary disodic phosphate, and from this the monoaodic and trisodic salts are 
obtaiiicdeby the addition of phosphone acid and caustic soda respechvely The 
potassium and ammouhvm-salts may he prepared in a similar manner. Insoluble 
phosphates are prepared by precipitating soluble salts of the respective metals with 
aUcalme phosphates. 

Among triraetallio phosphates, those only of tho alkali-metals are soluble in water 
The solutions have a strong alkaline reaction, whence those salts were formerly callud 
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basic pbosplmtes. they nro decomposed even by cnrbonio acid, producing mixtures of 
alkobuB eai-bonato and dimetalbc phosphate •, e g — 

Ka»PO‘ + H'CO* - Iira»HI>0’ + NaHOO’. 

Among dimetallie phosjihatos, those of the allcah-metals are soluble in water. They 
are often 0.11105 neutral phosphates, though their solutions have a feebly alkaline 
reaction. The remaining dimetallie phosphates are unstable, and generally in.soluhle 
compounds, which have a strong tendency to decompose into soluble moiiometaUie and 
nisoluhle trinietallie salts. 

The monomotallio phosphates are all soluble in water, forming strongly acid solu- 
tions Most tnmetallic phosphates dissolve to a greater or less extent in aqueous phos- 
phonc, nitric, and hydroehlonc acids, being probably converted at the same time into 
monomotallio salts , but monometallic phosphates of the heavy metals are not, except 
in a few lustancea, known ns definite compounds. 

Under ordinary circumstances the heavy metals, silver and lead for instance, form 
only one class of orthophosphates, viz. the trimetallic phosphates ; consequently, when 
a solution of a monometnllie or dimetnUie phosphate of alkali-metal, which is either 
neutral or slightly alktdine to test-paper, is added to a perfectly neutral solution of 
nitrate of silver, or other heavy metallic salt, a precipitate of trunetaUio phosphate is 
produced, and free acid pusses mto the solution, so that the liqmd acquires a strong acid 
reaction ; c. g . — 

NaH'PO* + 3AgN0» = Ag>PO< -i- NaNO* + 2H110®. 

Na»HPO* + 3AgN0* = Ag»P0‘ + 2NaN0» +• HN04 

Reactions —1. Soluhlo orthophosphates mva with nitrate of stiver a lemon-yellow 
precipitate of triargentie phosphate, Ag“PO*, soluble in mtrio acid and in ammonia, 

2 With acetate or nitrate ofkad they form a white precipitate of triplumbio phosphate, 
Pli'sp-O®, lusoluhle in ammonia and acetic acid, soluble in nitric acid. If a chloride is 
present, the precipitate contains chlonde of lend chemically combined with the phos- 
phate. Phosphate of lead fused before tho blowpipe forma a orystalline head on cooling, 

3 With the chlorides of barium and calcium, orthophosphates give wliite pre- 
cipitates of dimetallio phosphates, Ba"HPO* and Ca"HPO*, easily soluble in niteio, 
hydroohloric, and acetic acid 

i With sulphate or chloride, of magnesium, to which ammonia and chloride of am- 
monium have been added, they give a white crystalline precipitate of ammonio-niag- 
nesiun phosphate, (NH*)*lIg’r‘0* 12H’0, easily soluble in all acids, slightly soluble 
in pure water, hut absolutely insoluble in water containing free ammonia, even in presence 
of excess of ammoniacul salts In very dilute solutions the precipitate forms very 
slowly. Its deposition is accelerated by scratching with a glass rod the inside of the vessel 
containing the solution. 

5 ft me chloride, soluble orthophosphates give a yellowish-white preoipitata-of 
ferric phosphate, Pb'"PO', soluhlo in hydroehlonc acid, in excess of ferric chloride, in 
ferric acetate, and in ammonia, but absolutely insoluble in acetic acid , so that it forms 
when acetate of sodium is added to its solution in hydroehlonc acid, or when acehite 
of sodium and a little feme chloride are added to the solution of an alkaline- earthy 
pliospliate * 

6 U ranic nitrate behaves with soluble orthophosphates in the sumo manner ns feme 
suits 

7 Meieureius nitiate gives with soluble oithophosphatcs a white precipitate 
easily soluble in nitric acid If tho solution of any orthophosphate m excess of nitric 
acid 18 evaporated over tho water-bath to complete dryness with excess of metallie mer- 
cury, and the dry residue (which contains no free acid) is treated with water, all the 
metals eonhiined in the phosphates uro dissolved as nitinles, while the whole of the 
phosphoric acid remains niidissolved as mercurous phosphate. Tins reaction is 
craployedhy E. Rose, for the sepai-ation of phosphoric acid from all metals except 

_ 8. "^ith nitrate of bismuth, soluble orthophosphates give a white precipitate of 
hisraiith-phosphate, j3i'*P0^ insoluble in dilute nitne acid 

9. When a solution of molghdate of ammonium is added to the solution of any ortho- 
phospli.ite containing free nitric acid, and the whole is heated, tlie solution immediately 
turns yellow, and a bright yellow precipitate of phosphomolyhdate of ammonium is 
formed either immediately or after some time. This preoipitute is iusohiblenn acids, 
soluble in ammonia or in excess of the pbosphato ; hence tlms reaction is pecubarly 
flttod for the detection of small traces of phosphono amd (as in minerals, soils, or the 
deposits from mineral springs) 

• Arsenic ‘.eW exhibits this reactlnn as well as plinsphoric acid . and aluminiiim-salts ate precipitated 
under tlieanrac circutostanics, liiuueli not so coiopiutcly as fettle salts 
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Pot tlie detection of ortliopliosphorio acid in neutral or alkabne solntiona, oltlot tile of 
ammanmin, ammonia, sxid.SimagnFSiimi-saU ' " ’ ■> - - ■ 

feri-tc chhndetmti acetate of The 

anwiomiim. A rsoiuo acid, which eslnbit i 

from phosphoric acid, and if present may ha entirely removed, by piisaiug aulphydrio 
acid gas through, the Bolution previously mixed with sulphurous acid (i. 6S8). M eta - 
phosphoric and pyrophosphoric acids are distinguished from orthophoaphorio 
acid by then' reliction with nitrate of silver (the former also by its property of coagu- 
lating albumin, p. 538); also by inolybihito of iiiinnonluin, with which they do not 
produce any yellow precipitate or coloration until they are converted by the free nitric 
acid present into ortUopliosplioric acid. 

TrimetaUio orthophosphates of fixed bases arc not at all decomposed by ignition ; 
dimetallic and monometullio phosphates are converted by ignition into pyrophosphates 
andmetapbospbates respectively. Thotrniietalliepbosphatesof alkali-metals andalkaline 
eartb-motals arc not decomposed by ignilnm with chaicoal, but the mono- and dimetidlic 
ihospliates of these bases are deeompos 


hen heated 

with charcoal give off phosphorus and leave magnesia. ‘Patoiamm or scdiam heated with 
phosphates effcets a rronction of the salts and formation of a phosphide of the alkali- 
motiil, which gives off phosphoretted liych-ogen when moistened with water. The alka- 
line-earthy phosphates are only partially decomposed by fiisiou with an alkaline ear- 
humte, wmlo most other insoluble phosphates (e g. those of magnesium, zinc, copper, 
inanganese, and iron) are completely decomposed by this means, the frised mass 
always contains ortliophosphonc neid. By boiling in a solution of caustic alkali 
or .ilkahno carbonate the insoluble phosphates are only partially or not at all decom- 
posed. Phosphate of ahmiinmm can only bo decomoosed (in the dry way) by fusion 
with its own weight of silieu, and six times its weight of sodio carbonate. 

Quantitative Analysis of Phosphates Estimation and Separation of 
Phosphoric Acid. 

1. Esiimatmi by means of Lcad-ovulr — Wlion phosphoric acid exists in a solution 
containing no fixed base, and no other acid except nitric aeid, it may be estimated 
by adrling a kiioivn weight of lead-oxide, then evaporating and ealeiningin the manner 
already dfsciibcd for the estimation of hypopbosiiliorous acid (p 521) This method 
is directly apphcahlo to the estimation of phosphoric and in all its modifications. 

2 By p> ceipitation as Ammomo-magnestim Phosphate — ^Tlie precipitation of ortho- 
phospli’orio acid from an iirpicons solution in which it exists in the free state or com- 
bined with an alkali, is best effected by the addition of sulphate of magnesium and 
excess of ammonia, chloride of ammonuim being likewise added to pieieut the prceipi- 
tiition of magnesia m the form of hydrate. The pliosphorie acid is then precipitated as 
amraonio-magnesian phospluite, (NH‘)®Mg=P20’. The precipitate does not settle down 
at once, but its deposition may be accelerated by leaving the vessel in a warm place. 
Care must bo taken, however, not to allow the liquid to become very hot, as in that 
c.iso hydrate of magueeinm will he precipitated, and will be very difficult to redissolve 
The precipitiite, after standing for about two hours, is collected on n filter and washed 
with water containing ammonia, as pm-e water decomposes it. It is then dried and 
Ignited, whereby it is converted into pyrophosphate of magnesium, Mg"0 P-0* or 
Mg=P*0', confiuning 63'87 per cent, of phosphorio anhydride, P*0*, and 27'98 per 
cent, of phosphorus 

If the phn.ipbm-ie. aeid IS in the state of mctii- orpy-rophosphoric aeid, it must first be 
converted into the ortliophospliorie acidby fusing the salt with five or six times its weight 
of carbonate of sodium, or. better, with a mixture of carbonote of potassium and car- 
bonate of sodium in equivalent proportions, which fuses at a much lower temperature. 
By this fusion with excess of an alkaline carbonate the phosphonc acid is iii moat eases 
completely separated from any other base with winch it may be combined, and converted 
into a tnbasic phosphate of the iilkali-metal, which may then be treated as above 
The conversion may also he effected by prolonged boiling irith water, acids, or alkalis. 

3. As Phosphate of Bismuth.— In a solution free from sulphuric or hydrochloric acid, 

,1 - I. w- iJ 1 ,*1 s— ..*-0 ’ly precipitation withnitrate of bismuth. The 

. ' '"P0'*QTBri0”P’'0“,contttining23-28 percent 

. ly precipitated by nitrate of bismuth, the pre- 

■ ■ •• lent P’0“, metaphosphone acid must he con- 

verted into ortliophosphorie acid by boiling with nitric acid. Sulphuric and hydro- 
chloric aeids, if present, must he removed by precipitation with chloride of barium and 


ediiito trimotalhc phosphates and free phosphorus 
’ n ‘ ’ r ' - - Iccompoaed 

1 • -saltviclds 
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nitrato of silvor rospoctively, the pxcpss of bilrcr m the hitter c.isn hoing then precipi- 
tated by BulpUydriC aeid. If the solution coiihuM iron in the stiita of ferric salt, the 
phosphate of bismuth is but slowly precipitated, and always contains iron, hut this sourca 
of error may bo obviated by reducing the ferric oxido to ferrous oxide (best with snl- 
phydric aoid) ; the process is thus rendered available for the cstnnation of phosphoric 
acid in sods, eoprolites, iron ores, &c. (Ohanool, Conipt rend. 1. 416, li. 882). Ac- 
cording to M'Curdy, Brush, and Johnson, however (Sill. Am J. [2] sxxi. 281 ; 
Jnhrosb 1861, p. 823), the alumina in such substances introduces a similar error; and 
the process is likewise inapplicable to solutions containing chromic or nramc oxido 

4. Eshimdoti by means ofStanmc Ojade . — ^This method, flrst proposed by Reynoso 
(Ann. Cb. Pharm. Ixxx 361; Jnhresb, 1861, p 613), depends on tlie insolubility of 
stannic phosphate m nitric acid. A known weight of piu'c tin foil, and the substance 
in which the phosphoric acid is to he determined, are treated aimultiinoously with an 
excess of nitric acid ; the liquid is filtered as aeon as the tin is completely oxidused, and 
the residue is washed, dried, and calcined Its weight, diminished by that of the stannio 
oxide formed from the weight of tin employed, gives the quantity of phosphoric anhy- 
dride present. The nitric acid solution contains all the bases present. 

In ealeinmg the stannic phosphate, core must bo taken to allow free access of air, ns 
otherwise part of the stannic oxide may he reduced by the oarbouaceoiis matter of the 
filter or of the fiamo ; to avoid such sources of error, it la best to moisten the moss with 
nitric aoid before calcining It is also necessary that the tin be quite pure and added 
in considerahlo excess, equal to eight or ten times the weight of the phosphoric aoid to 
he estimated. 

A modification of this method proposed by Boissig (Ann, Oh. Phiirm. xenn. 339 , 
Jahresb. 1866, p. 726) consists in dissolving the washed precipitate of staiuiic phos- 
phate in caiistio potash, diluting with water, saturating' witli sulphydric acid, and adding 
an excess of ncctio or dilute sulphuric acid, which precipitates the tin as stannic sulphide. 
The phosphoric acid remains dissolved, and may be precipitated from the filtrate as 
aminomo-magnesian phosphate. ^ 

Prceiptlaiion b>/ Uianto salts . — ^This method, first proposed by Leconte fCompt, 
rend xxix 65 , Jahresb. 1849, p. 672 ; 1863, p. 642), and afterwiu'da modified by 
Arendt and itnopp (J. pr Chem. Ixx 386, Jahresb. 1866, p 728), consists in pre- 
cipitating the phosphoric acid by a solution of urauio acetate, Tins solution, prup.ired 
by precipitating uramc nitiate or chloride with ammonia, and dissolving the precipitate 
in acetic acid, witliout previous filtration, is added to the solution containing the phos- 
phoric acid, which, if it contains luorgamc acids (it is best to dissolve the phosphate in 
nitric or hydroehlorio acid), should be previously mixed with acetate of sodium. On 
heating the mixture, o yellow precipitate is formed, consisting of aminonio-uranio phos- 
phate, which is reduced by ignition to uramc pyrophosphate, 211*0*. SB'O*. The bases 
previously combined with the pliosplioric acid remain in solution, the phosphates 
of diatomic metals, barium, calcium, luaguesiura, &c , being easily decomposed in this 
manner, and even ahimiiiic and feme phosphates being decomposed by prolonged 
heating with a large excesa of uranic acetate in presence of acetate of ammonium and 
free acetic acid; but the method is not nuioh used, on account of the great difficulty of 
thoroughly washing the precipitate of ammomo-uranic phosphate. 

6. EUmaiivn by means of Funic salts . — ^Thia method, proposed by Berthier, con- 
sists in adding to the solution of the pliosphuto a solution of ferric nitrate or chloride 
containing a known qnautxty of iron (bo.st prepared by dissolving a known weight of 
clean iron-wire in mti'o-muriatic acid), and precipitating by ammonia. The precipitate, 
consisting of feme phosphate with excess of feme oxide, is carefully washed with hot 
water, tlion dried and ignited ; its weight, diminished by that of the ferric oxide pro- 
duced from the known weight of iron, gives the quantity of pbosphorio anhydwde 
present. 

It IS important to use an excess of iron (at least, 1 pt of iron to 2 pts. of pbosphorio 
anhydride to be estimated), otherwise a phosphate of iron wiU he formed which dis- 
solves in ammonia. But even when the proper quantity of iron is added, there is still 
a loss of feme oxide during the washing of the precipitate, the wash-water, whether 
pure water or water contaimng ammonia be used, being always more or less coloured ■ 
hence this method, in the form above described, cannot be depended upon when great 
accuracy is required. Bor the precipitation of pyrophosphoriu acid, a still larger quan- 
tity of iron is reqiured than for orthophosphoric acid. ' 

Much more exact results are obtained by nearly neutralising the liquid contiiining the 
phosphone acid and the ferric salt with an alkali or alkaline carbonate, then adding a 
considerable quantity of sodic acetate, and hoihng. The whole of the phosphoric acid 
and mm are thereby precipitated as basic ferric phosphate, mixed with basic ferric 
acetate, while the solution becomes perfectly colourless, and does not retain a trace of 
iron. The hqmd is then to be hoU^, filtered while still hot, and washed with boihng 
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water containing a little aectato of ommonium. The wtislied precipitate in dried and 
calcined ill a platinum crucible, the residue then moistened wdth a little nitne acid, 
heated again and weighed, and the qu.intity of phosphoric anhydride ealcnlated ns before. 
The method thus modified may be used for the separation of phosphorio acid firom 
baryta, stroutia, lime, and magnesia. 

Another modiflo.ition of Berthier's method introduced by Kobell (.T, pr. Chem. 
Xixvi, 301 ; Jaliresb 1849, p. 6Gfl) consists in precipitating the aolution of phosphoric 
acid and ferric oxide with carbonate of barium instead of ammonia. The washed and 
dried precipitate is weighed, then dissolved in hydrochloric acid, and the biirium is 
precipitated by sulphuric acid. The weight of biirytie sulphate thus obtained gives, by 
calculation, the quantity of barytic carhnnate adisl; and this weight, together with 
that of the ferric oxide deducted from the total weight of the precipitate, gives the 
qu.intity of phosphoric ttnhydiido. This method may he used for tho separation of 
phosphoric ncidfi-om all bases which are not precipitated hy earbon.ito of harinm. 

7 J?y Omo aalis . — A solution of eerie nitnite or sulphate produees in the iiitrio acid 
solution of any pliosphate, c g. calcic, ferric, uranic, or aluminio phosphate, a white or 
slightly yellowish precipitate of oenc phosphate of constant composition and insoluble 
in the acid hquid. (Damoiir and H, Dovillo, Instit. 1858, p, 69 , Jaliresb. 1868, 
p. 693.) 

Volumetric Method a. — The volnmctrie process most generally used for the estima- 
tion ofphosphono acid is thatof Liebig, which depends upon the insolubility of ferrio 
phosphate in noetic acid. The solution eoutniuing the phosphoric acid is mixed with 
aoctie acid or acetate of sodium, according as it is neutral or ocid j and a solution of feme 
chloride or ammonio-alumiuic sulphate {aminonia-ahim) of known strength is added, in 
quantity just siifficieiit to precipitate the whole of-fhe pliosphoric acid as ferae phos- 
phate (Fe“0’.P“0‘ or I'6"'PO*) The chief difficulty in this process is to detormine 
the moment wlion the precipitation is complete. Por this purpose, Liohig places a 
drop of solution of ferrocyamde of potassium on a piece of white filter-paper, leaves it to 
spread, then lays another pieeeof filter-paper over the first, and places on it a drop of the 
liquid to which the ferric phosphate has been added. This liquid, in passing through 
the paper, parts with the feme phosphate which it liolda in suspension, before it comes 
in contaet with the solution of ferrocyamde on the lower piece of paper ' heiico no 
blueing of the latter will take place, unless the liquid contains an excess of ferric 
ohlorido The addition must, therefore, be continued till a faint blueing of the ferro- 
oy.iiudo just begins to take place. This method is used by Liebig for tlie estimation 
of phosphorio acid in ui’ine 

Eaewsky (Jaliresb, 1847-8, p. 946) adds an excess of the ferric solution, collects 
the precipitated feme pliosphate on a filter! dissolves it, after washing, in hydrochloric 
acid , and determines the quantity of iron in it by Marguentte’s method with per- 
manganate of potassium (i. 263) ; and thence calculates the quantity of phosphorio aeid 
from the formula F6"'P0<. 

General Methods of separating Phosphoric Acid from Bases 

a. Bg Mercurous Bhtrate. — Thisreaction, abcady mentioned (p 642), affords the means 
of separating phosphorio aeid from all bases whatever. The phosphate, or mixture of 
phosphates, being dissolved in nitric aeid, the solution may either be evaporated to 
dryness in contact with metaUio mercury, or exactly neutralised with caustic potash or 
soda, and then mixed with morourons nitrate, winch throws down the mercuiy as 
mercurous phosphate. 

In most cases the first of these methods is to be preferred The solution of the 
phosphate in nitric acid is placed in a porcelain basm, and pure metallic mercury is 
.added, in such quantity that a small portion may remain undissolved by the nitne aeid. 
The liquid is then evaporated to complete dryness over a water-bath, so as to expel 
the whole of the free nitric acid, and the residue is treated with water, which diasolvee 
all the bases as nitrates, leaving the phosphoric acid nndissolv^ as mercurous 
phosphate^ This salt, after drying, is mixed in a platinum crnoible with an excess of 
dry carbonate of sodium, or, better, of a mixture of potassic and sodic carbonates in 
equivalent proportions ; and heated over a lamp, first to a temperature below redness, 
and not suffloient to fuse the mass, till all the metallic mercury and all the mercury- 
salts excepting the phosphate, are expelled — then to the highest temperature obtainable 
by the gas-flame The mercurons phosphate is thereby decomposed, the mercury being 
expelled and an alkaline phosphate produced. This when cold is dissolved in water, 
and tile phosphoric acid precipitated as ammomo-magnesian phosphate 

This metliod gives veiy exact results, provided care ha t.iken to dry the residue 
obtained on evaporating the nitric acid solution very completely, so that no free nitric 
add may remain to hold any of the original phosphate in solution, and in fusing the 
Voi, IV. N If 
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merevirous pliosplmto wihli alloiUno carlionate, to regulate the heat very carefully in 
the inannor nhove dc'ferihed, so ns to avoid loss bv spirting When properly earned 
out, it IB regarded hy Ro So ns the best of nil metliods of separating phosphoric acid 
from bases. It is moreover applicable in tlm in.iniier jnst described to the analysis of 
all phosphates excepting those of iron (ferrieiiinl nnd aluminium, in which eases it requires 
certain modifications. The nitrates of these Uises when evaporated, even at the heat of 
the -wntcr-bnth, give off part of their nitric acid, iind are thereby rendered to a 
great extent insoluble in w-iter. so that when their nitric aeil solution is evaporated 
in contact with metiillie mercury, and the residue treated with water, a small portion 
only of the iron or aluminium passes into the aqueous solution, the larger portion 
remaining nndissolved, together with the mercurous phosphate In the ease of iron 
the process requires but bttle alteration, tor when the dried residue is ignited with the 
alkaline carbonate, the ferrio phosphate is completely decomposed , so that, ou treatmg 
tlie fused mass with water, the whole of the phosphoric acid passes into solution as 
before, while the iron remains as feme oxide, and its amount may be added to that 
which has passed into solution as nitrate. In the case of aluminium, however, the 
process m teis form is no longer applicable, for aluminio phosphate is but very im- 
perfectly decomposed by fusion with alkaline carbonates In this ease, therefore, it is 
neoessary to adopt the second form of the process above mentioned, which consists in 
precipitating the neutralised solution of the phosphate m mtne acid with meicurotis 
nitrate, separating the precipitated mercurous phosphate by filti-atiou, washing it with 
water containing a litUe mercurous nitrate, and decomposing it when dry by fiision 
with alknlmo carbonate, ns above. The filtrate eontiiins all the aliiiimiium, together 
With the excess of meroiu-ows salt. The greater pai t of the mercury is precipitated train 
it by liydrochlorie acid ; a smaller portion, which has piissed intu the state of inerciino 
s.ilt and still remains diasoliej, is separated by sulphydne acid , and in the remaining 
solution the aluminium is detevniined by the usual methods. If any of the alkaline earths 
are also present, especially lime, this last mode of separation cannot he applied, because a 
small qiiiintity of earthy phosphate is then precipitated, together with the morourous 
phosphate. 

Tor full details of the preceding process, see H.B0SO (Tmito de Ohnme AnaUUque, 
ti. 70S ) 

Bi/ Nitrate o/Sil«er or Nitrio Acid and Mitallio Silver.— 'Tbs mode of proceeding 
IS similar to that with mercurous nitrate, excepting that when the phosphoric acid is 
precipitated from the neutrahsod solution by nitrate of silver, the phosphate of silver 
must be collected on a tnred filter, and weighed after drying at 100°, 

7 . Nrecijqiialion hy Molybdate of Ammonium — The inoljtMio solution is prepared by 
dissohing 1 pt, of molybdio tnoxide in 8 pts. of atresng aqueous ammonia, and mi.xmg 
the solution with 20 pis of nitrie acid. This liquid is added to the solution of the 
phosphate. in nitric acid, in such proportion that the quantity of molybdio trioxide 
may be thirty or forty times as great as that of (he phosphoric acid to he determined. 
The liquid, together with the resulting yellow preoipituto, is digested for several hours 
at a ratlierhigh temperature, and the prooipitato is washed ou a filter with the liquid 
which has been need for the precipitation The yellow precipitate is then dissolved 
off the filter by ammonia, and the phosphoric acid is praoipitated from the filtrate as 
ammomo-raiigueBiiui phosphate 

This method serves for tho separation of phosphorio acid from the alkaline earths, 
the other earthy oxides, and likewise from alumina, feme oxide, and many other 
metaUic oxides , but it cannot be depended upon for git mg 6x,ict results, excepting 
when the quantity of phosphoric acid to be determined is very small Pyrophasphone 
andmetaphosphoric acids, to be determined by tins method, must first bo converted into 
ovthophosphorie acid hy prolonged boiling with mtne acid 

I/ipowitz (Pogg. Ann cix. 136, Jahresb. 1860, p. 700) dissolves 2 pts molybdio 
trioxide m a warm solution of 1 pt tertai'ic acid in 16 pts water ; adds 10 pts. aqueous 
ammonia of speeifie gravity 0 97, and 16 pts nitric acid , heats the whole to boiling ; 
filters from a small quantity of molybdio trioxide wlueh sepnrates , and uses the resulting 
solution for the quantitative estimation of phosphoric acid hy diiect precipitation. Per 
this pui’iiose a quantity of the solution (about 5 or 6 c e, to 0 05 gim. phospliorie 
anhydride, to be determined) is heated to boiling in a porcelain dish, the acidnl.ited solu- 
tion of the phosphate is added, tho yellow precipitate is collected on a weighed filter, 
washed with water containing ,^th of nitric acid, and dried at 20° — S0°, or better, over 
oil of vitriol, and weighed. It contains, according to Lipowitz, 3 607 per cent. P''0^ 

It must be observed, however, that the yeUow precipitate is soluble in a largo 
quantity of tartaric acid (H. B. 0 3 e ) 

y Sy Sidyhunc Acid and Alcohol.— A'i many Bulphates, especially those containing 
strong bases, are insolnble in alcohol, the separation of phosphorio acid from the cor- 
responding bases may be effected by mixing the solution of the phosph.tte in water, 
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lilt™ iiciil, or liydi-ocWoric acid, with milplnmc acid and with alcohol — ^thc baso being 
tlicii preoipitiitcd ns sulplmtc, wliilo tlie pho'iphoric acid romiiins disaolvcd in tlic 
iileoliol. This niotliod ifl found, honover, to give catact results only when applied 
to tile phosphates of tlio nlk.iliiKi eiirtll-inetals uml pliospliiito of lend. With otlwr 
biisca an error of i per oont. sometimes arises, even whan the .iiuiljsis is paiformed with 
all possiblo cava, and ether la added ns 1*011 ns alcohol. 

5 lii/ fimtm mth Aliahno Carbonates. — Many phosphates arc completely decom- 
posed by fusion with excess of nlk.-dino cnrbon.dc, a mixtnvo of potiissic and sodic 
carbon.iles in eipiivulent proportions being the most convenient for the purpose. The 
phosphates of the heavy metals aro fur the most jiart easily decoi’-.poscd lu tin's manner, 
but the pliQsphutea ot the alfctdme e.irth-mctids, and especially phosphate of ealctiim, aro 
but imperfectly decomposed thereby, and must therefore be treated hy other methods. 
The decomposition by fiisinn with nlltnline carbonate, when it can be applied, is 
especially convenient for the analysis of pliospliiitcs mixed with sulphates, cliloridea, 
and other salts, the several acids passing, together with the phosphoric acid, into the 
state of allcalino salts 

e. By Tartarus or Cits'ic Aoul. — ^The precipitation ot many metals from solutions of 
their salts by alkalis, is prevented by tho piesonce of certain fixed org,iiiic substances, 
tartano and citric acid among tbe number. Hence the separation of phosphoric iicid 
from such bases may be effected by adding to the solution of the phosphate a consider- 
able q^iiantity of tartario or citric acid, then an excess of ammonia, siu-ummomuc. and 
Bulphata of magnesium. Thu phosphoric acid is then precipitated as .imraoiuu-m.iguo- 
Binn phosphate, while the baseR remuin in eolulion Wlicu tavtimo acid is used, as 
originally proposed by Otto, a small quantity of tarteito of magnesium is frequently 
precipitated, tngetbor with the ammomo-magnesinii phosphate, and is difficult to get 
rid of: hence E. ■Wiiringtoii, Jnn. (Chem. &e. J. xvi. 304), recommends the use of 
citrie acid, whioh does not introduce tins source of onw. Sometimes a small quantity 
of the base is precipitated, together with the phosphate, in spite of the presence of the 
organic acid. To guard against tins source of error, it is beet to redwsolvo the preei- 
pitate lu hydrochloric acid, again .idil citric acid, and supersaturate with ammonia. 
The ammonio-magnesiun s.ilt is then repreeipitatcd in a state of perfect purity 

This method is employed chiefly for the sepiivatiou of phosphoric, acid from ferric 
oxide and alumina. Erom the liomd filtered from the precipitated phosphate, iron 
IS precipitated by sulphide of aramoiuum ; hut aluminium, which is precipitated by 
this reagent, not as sulphide hut as hydrate, cannot he Bepnr,ited thereby, or by am- 
monia or alkaline oai’bcm.ites, from the solution under consideration, on iiecount of the 
organic matter present To effect its separation, the solution is mixed with .i quantity 
of Bodio eurbonato sufficient to decompose all tbe chloride of amniomum present, then 
evaporated to dryness; and the residue is ignited to burn away the greater part of the 
organic matter, then digested in hydrochloric acid, which dissolves part of the alumina 
and all the magnesia present, leaving a mixture of alumina and chiu-coal. This residue 
is either calcined a second time, to bum away tbe remaining charcoal, or, better, it 
is fused with a mixture of nitre and alkaline carbonate. In the latter case the 
alkaline salts may be dissolved out by wafer, Icavnig a residue of alumin.i easily 
soluble in hydrochloric acid In the former, the alumina is left in a difficultly soluble 
state, uudto render it soluble it must be fused with, acid sulphate of ptassium , the fused 
mass then dissolves completely in water. The solution of alumina thus obl.uned is 
added to the other purtion, and the alumina precipitated by ammonia in the usual 
manner. The decomposition of the chloride of ammonium before caleination is 
essential, becanse that salt in volatilising would carry with it a portion of the uluuimntni 
in the form of chloride. 

C By Carbonate of Banicm. — ^The separation of phosphoric acid by meins of 
carbonate of barium and a ferric salt has already been described (p 614) (Jarbonate 
of barium alone does not precipitate phosphoric acid completely from its aqueous 
solution ; hnt if the phosphate of ,iny base not precipitated by carbomite of bniinm, 
the alkaline eartlis and magnesia for example, be dissolved in nitno or hydrochloric 
acid, carbonate of barium will precipitate all the phosphone acid, together with any of 
the weaker bases (such as alumina, fenie oxide, or chromic oxide) that may also be 
present, leaving the stronger bases in solution. This method may be applied to the 
analysis of mixtm'es of earthy phosphates, such as occur in sods, coprohtes, guano, imtifi- 
eial manures, &o , in which the presence of alumina interferes with the separation by nitric 
acid and metallic mercury. The phosphate having been dissolved in nitric or liydro- 
ehlorie acid, and the solution boiled for some time, to convert any pyrophasphono acid 
that may be present into ortliopliosphoric acid, carbonate of barium is to be added, till 
the free acid is completely saturated, and the liquid left to stand for a few days, with 
frequent agitation. The w.ashed precipitate, containing alumina and ferric oxide to- 
gether with phosphate and carbonate of bamim, is then to he dissolved in bydrocUorio 
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acid, and the biiriran preeipitatod by sulphuric acid. The fllteito may bo b-eated with 
citric acid, ammonia, and sulphate of magnesium, to precipitate the phosphoric acid, 
and the ferric oxide and alumina whichremain in solution m.ay be separated by tlie 
usual methods The solution filtered from tlie piecipitate formed by the carbonate of 
barium is free from phosphoric acid, but contains tho nitrates or chlorides of ciiloium, 
magnesium, and the alknli-metals, together with mtrato or chloride of barium. It 
is freed from barium by sulphuiie acid; the neutralised filtr.ite is then treated with 
oxalic acid to preeipilate the ealcium ; and the magnesium and alkiih-metals are sepa- 
rated by tho methods described under Maonesium (hi. 753). 

When calcium is present in eonsiderablu quantity, the washing of the last-mentioned 
precipitate of sulphate of banum is very tedious and difficult, on aocouut of the sparing 
solubility of the sulphate of calcium with which it is mixed. In tins case it is besC 
alter waalimg out the more soluble sulphates with water, to treat the remaining pre- 
cipitate with a solution of carbonate of ammonium, whereby the remaining sulphate of 
calcium la converted into carbonate, then, after washing, dissolve out the carbonate 
of oalemni with hydrochloric acid, and add the solution to that containing the other 
bases, (K.’B.oaa, de Ghimie Andlytique,n 719.) 

Speoial Methods of Separation. — Prom metals whose sulphides are insoluhlo 
in acids (cupper, lead, mercury, & o.) phosphoric acid is easily .separated by passmg 
sulphydrio acid gas through an acid solution of the salt Tlio phosphoric acid may thou 
he precipitated from the filtrate as ainmonio-niagnesian phosphate. 

Phosphate of iino dissolved in acetic acid may also bo decomposed by sulphydrio 

Tho phosphates of iron, magnesium, nickel, cobalt, anduranium are decom- 
posed by sulphide of ammonium, tho metal ’ ' ’ ’ ' ’ but this mode 

of sopuratiou is not found to give exact res ' iron. A better 

method is to fuse tho phosphates with an . In the case of 

uranium, however, the separation by this method is not complete, a oeitam quantity 
of iirauio oxide always passing into solution together with alkaline phosphate and 
carbonate. To obtain complete separation, the salt must bo fused with about three 
times Its weight of a mixture of eiU'honate of sodium aud cyauido of potassium , the 
uranium is then wholly separated ns protoxide The fused mass is digested with water 
containing sal-ammoniac (if pure water is used, the uranoua oxide separates in a very 
finely-ffiuded state, and runs through the filter) ; the phosphoric acid is precipitated 
from the filtrate as animonio-maguesian phosphate ; and the insoluble urauoiis oxide, 
which retains a small poition of alkali, is dissolved in intrio acid, precipitated by am- 
monia, washed with water contiiming o little sal-ammouiao, ignited in a stream of 
hydrogen, and weighed. 

A similar method serves for tho separation of phosphono acid from the oxides of 
chromium. Tho chromic oxide, winch remains nndissolved after the alkaline phos- 
phates, &c. have beon washed out, likewise retains a sm.ill quantity of alkalino salt, to 
free it from which, it must ba fused with nitre and sodlo carbonate, and the resulting 
chromic acid precipitated by morenrous nitrate, or reduced to ohromio oxide by any of 
the methods described under CinioimoM (i 944). 

3?rom yttria, thonna, and tho oxides of cerium, lanthanum, and didy- 
muim, phosphoric acid is easily separated by adding oxalic acid or oxalate of am- 
monium to the nearly neutralised solution of the phosphate m nitric, hydrochloric, orsul- 

f hurioaoid. Themetalis then coropletelyseparatedas oxalate, and thephosphorioacid may 
0 precipitated from the filtrate as ammonio-magnosinn phosphate The treatment with 
nitric acid and meiidlic mercury may also he applied to the separation of phosphoric 
acid from these bases, as well as from g In cm a and zirconia. 

]?rom alumina, phosphoric acid is most easily separated by means of citrio acid, 
ammomn, and a magnesium-salt, as already described (p. 647). An older mode of 
soparation, proposed by Berzelius, is to ignite the aliiminie phosphate inth 2i pts of 
finely-divided silica and 6 pts of sodio carbonate. The ignited mass (which does not 
fuse) is digested with water, whicli dissolves sodio phosphate aud carbonate, and a 
small quantity of sodie silieuto. leaving the aluinma and the greater part of the silica 
undissolved , the filtered solution is mixed with excess of hydrochloiic acid, and evapo- 
rated finally over the water-bath, to render the silica completely insoluble , the residue 
is boiled with water; and tho phosphoric acid precipitated horn the filtered liquid as 
animonio-mBEnesiau phosphate. The insoluble residue cont,nniiig the ulumma is 
treated with hydroclilorio acid and evaporated to dryness ; the residua is moistened 
with hydrochloric ncid, boiled up with water, and filtered to separate the silica ; and 
the idum inn IS precipitated from tho solution by ammonia or carbonate of ammonium. 
A modification of this method, proposed by ITuehs, consists in dissolving the aluminio 
phosphate in e.iustio potash, adding siheate of potassium (soluble glass) and hoihng, 
whereby nil the alumina is precipitated as silicate of alummium and polnssium, while 
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pho>(pliatB of potassium remnnia m Bolntion From this solution the phosphoric acid 
is precipitated ns .imraomo magnesian phosphate, and the precipitated sihoiite is treated 
as ahovo for tiio dotermiiintion of the nlnraina. 

From h ary to, phosphoric acid is most easily separated by traating the solution of 
the oorapoumt iii hydroelilono acid with sulphuric acid, which precipitates the baryta j 
from sti'ontia in like maimer, with addition of alcohol 

From lime, phosphonc iicidis easily separated by proeipitaling the base as oxalate 
fiom the solution of the phosphate in acetic acid, or in hydrochloric or nitric acid mixed 
witli acetate of sodium or aitiiiiouiiim. from magnesui by fusion with an alkaline 
carbonate, &o. (p. 546), phosphate of magnesium being completely decomposed by this 
treatment. 

When lime and magnesia oecur together as phosphates, as in hone-earth and 
plant-ashes, tlio substance may be dissolved iii hydrocliloric aeid ; the lime preeipi- 
tiited by oxalate of ummomura as above; and the filtriita treated with excoas of am- 
monia, which throws down a piecipitato of ammomo-magnesian phosphate, leaviiig 
a solution still eontuiniiig phosphoric acul or magnesia, according as ono or the other 
13 in excess In the former case tho phosphoric acid is precipitated by addition of a 
magnesium-salt ; in the latter, tho magnesia is precipitated by addition of a solnblo 
phosphate 

Such mixtures or compounds may also be analysed by treatment with nitric acid and 
metallic mercury, hut not by pieeipitiitiou with solution of mercurous iiitrato (p. 646), 
because a oortuin quantity of calcic phosphate is always precipitated at tho same time 
Fusion with an alkaline carboiiato is not applicable to them, because phosphate of cal- 
cium 18 hut. very imperfectly decomposed thereby 

From tlie alkalis, phosphoric acul may be separated by precipitation with acetate 
of lead. The preaipitated phosphate of lend must be weighed when dry, the quantity of 
lead coutained m it determined, and thence the quantity of phosphoric acid may be cal- 
culated Tho solution containing tho alkalis and the excess of lead-salt is treated with 
carbonate of ammonium to precipitate the lead ; the filtrate is then acidulated with 
Bulphurio or hydroehlunc acid; and the alkalis are estimated ns sulphates or chlorides. 

The separation is, however, more easily effected by means of nitric acid and metalUo 
mercury, especially in the case of the lithiiim-phosphato.s, which are hut slightly 
soluhlo in water The samo method is also tho best adapted for analysing the in- 
soluble compounds wliich the nlkiUiiie phosph.ites form witli those ofciUcuun and mag- 
nesium If alumina is also present, it is he-t, as already observed, to adopt the method 
of separation by means of carbonate of b.irium (p. 547 ). The method of separation by 
ceric salts iniglit also be applicable to such mixtures (p. 646) 

When all the phosphoric acid in an alkuliiiu phosphate is in tho state of orthophos- 
phoric acid, it may he completely eeparufed by tho easier mode of precipitation with a 
solution of mercurous nitrate. 

Separation of Phosphorio Acid from other Aoids. 

From sulphuric acid, phoephoiuc acid is easily separated by precipitating the 
former us sulphate of bunum from an aeid solution , if, however, metuphosphorie acid 
is present, it must first be converted into pyro- or orthophosphorio acid, otherwise tho 
separatiou will not be complete. 

Fiom s clem oils acid, phosphoric acid is separated by precipitating the selenium 
with sulphurous aeid ; tho phosphoric acid may then he precipitated from the filtrate 
as ammoma-niagnesuin phosphate If solonic aeid is present, it must first be re- 
duced to seleuious acid by means of hydrochloric acid. Precipitation with barium- 
salts does not effect complete precipitation ^deo Sei-hsium.) 

The same method serves for the separation of phosphoric acid from the acids of 

From hydrochloric, hydrohromie, snd hydriodie acids, phosphoric aeid 
is easily separated by precipitating the former acids with nitrate of silver in acid solu- 
tion The pliosphorio acid may bo precipitated from tlio flltriita as triargeniic jihos- 
phate, by careful nentrahsatioii with an alkali , or, hiittor, tho excess of silver may ho 
removed from the solution by hydioehlorie acid, and tho phosphoric acid then precipi- 
tated as amraonio-muguesian pliosph.ite. 

Eespectmg the separation of phosphoric from hydrofluoric acid, see Fldobinb 
(li. G76)* 

From borioaeid, phosphoric acid maybe separated in several ways ■ — o The phos- 
phoric acid may first be thrown down as ammonio-magnesian phosphate, and the boric 
acid then determined in the filtrate by the methods specially adapted to it (i 636). — 
P The solution of a phosphate and a borate in hydrochloric or nitric acid is treated witli 
carhonato of bai'ium, whereby the phosphoric acid is precipitated as phospliato of 
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liarium, -whila tlie whole of the boric acid reniaina in eolution. This mode of separation 
ia not, however, quite exact, as phosphate of barium is not completely insoluble in a 
liquid containing bone aeid. — 7 When the two acids exist 111 solution in combi- 
nation with alkalis alone, they may be separated by addition of acetate of potassniiii, 
which throws down tho whole of the boric acid as hydrofluohornte of potassium 
(i, 633), leaving the phosphoric acid in solution 

From silicates, — If the silicate is easily deeomposible by acids, the whole of the 
phoaphorio acid will he found in tho acid hqiiid obtained by treatmg it with an 
acid, and filtering from the silica. If the silicate is free from alumina, it may ho de- 
composed by nitric acid, the resulting liqmd evaporated to th'yuess over a water-bstli, 
the silica sep.irated m the usual manner, and the phosphoric acid separated from the 
bases in the filtrate by means of mtnc aeid and metallic mercury. 

In silicates of alununram containing no other base, phosphoric acid may he separated 
liy fusing the compound witli an alkaline carbonate, and treating the product in the 
manner abeady described (p 648), the weight of the silica being of eonrae likewise 
determined. If the anbstaiieo to be analysed contains large quantities of phosphoric acid 
and alumina in proportion to tlie silica, it will be necessary to add a quantity of finely- 
divided silica, in the proportion of about 1^ pt. sihoa to 2 pts. of the nluimnic phosphate. 
The weight of this quantity of silica must then he deducted from the total weight of 
that suhstanee obtained in the analysis. But when, as is more generally the case, the 
silicate contains other hoses, imd especially lime, it must he decomposed by an acid, 
beat with hydrochloric acid, the silica separated, and its quantity deteimiued in the 
usual way (see p. 648, also Silicon) ; and the pliosphorie acid and bases in the filtrate 
separated by enrhonate of barium in tho manner already desmbed (p. 647). 

Silicates undeeoinposible by acids must bo fused with an alkaline carbonate, the 
silica separated by hydroehloric acid, and the filtrate treated as above, according to the 
buses present. If alkalis are pre.scnt, they must be determined by a special analysis, 
tho silicate being decomposed by hydrofluorio acid. (H. Eose, TraiU de GhimeAmilti- 
itjue, ii 808.) 

For the methods of determining pho.sphoric acid and fluorine when they occur to- 
gether in silicates, see Silioates, 

From titanic acid. — Phosphoric acid forms with titanic acid an insoluble com- 
pound, which mair be decomposed by fiision with an alkabne oorbonato. On treating 
the fused mass with water, an alkaline titonate reiiiains undbssolved, while the alkaline 
phosphate dissolves. 

From molybdic acid, pho.sphorio acid ia separated by sulphide of ammonium, 
the molybdenum being dissolved thereby as tnsiilphide, which may be precipitated by 
an acid. In the filtrate, the phosphoric acid is precipitated as ammonia-magnesiau 
phosphate. 

From vanadic aeid, phosphoric aeid ia separated by solution of sal-ammomao, in 
which vanadate of ammonium is insoluble. The precipitate is first washed with water 
ecntaiiiing sal-ammoniac, then with alcohol, and transformed into vaiiadio anhydride 
by careful heating. Tho phosphono acid is precipitated feoin tho filtrate as ammonio- 
magnesian phosphate. 


MeialUa Phoiphates. 


Pliospliatos of Aluminium, o. Metaphosphate, A1'0’.3P*0* and A1"T’0'.— 
l^repuivd by diasolvuig hydrate of alununiimi m excess of aqueous phosphoric acid, 
evaporating, and heating the residue to 316°. It ia a white anhydi-ous salt, insoluble 
in water and in concentrated acids (Maddrell, Chem. Soe. Mem. lii. S73 ) 

6 OrtAop/ioapArtCcs.— Hydrated orthophosphates of aluminium occur in many 
minerals often associated with other salts. Gibhsite, kalaite, peganito, fieeherite, and 
wavellite are hydrated phosphates of aluminium, tho last-mentioned sometimes also' con- 
taining ftiiorido of aluniimum , amblygonite is a phosphate of aluminium, l.thium, and 
sodium ; lazulite is hydrated phosphate of aliimininm associated with ferrous and 
nmgnesio phosphates 

Orthophosphates of aluminium are produced by precipitating solntions of aluminium- 
salts v ith alkaline phosphates , but .the prodnets thus obtained vary considerably in 
cuinposition, according to the proportions of tho acting solutions, the temperature at 
winch they are mixed, and the extent to which the precipitate is washed the 
precipitates also frequently retain portions of the soluble aluminium-salt 5r of the 
alkaline phosphate. 

Acid s«/Z?— According to Ludwig, the precipitate formed by phosphate of sodium 
in .1 solution of alum, contains, in the anhydrous state, 8A1*0“ 9FO^ A solution of 
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salt, APO’.P^O" or ACPO^ 3H’0 (or -nrith 4 at or 4^ at H*0) — 
Producod by coniylrtely preeipitiiHug a nmiti-al sohulon of alum with exruss of aodio 
ortlioplioapliate, host by gradually lulding the aluni-aolution to the solubln phosphate : 
also when a solution of ulnminic pho-pliiito in liyilroclilorie acid is iiciitralisi'd with 
ammonia, or prceipitiitml inth acetate of sodium; or when an iilkntiuo solution of 
alumiinc phosphate is neutralised with acetie acid. It w a white bulky precipitate, 
forming when dry a loose uhite powder, the amount of water in which appears to vary 
from 3 to 44 atoms Gibhhiii-, from Hichmund, Mnssnehussetta, contiiins, according to 
H 0 r 111 a 11 n’s anulysia (.f, pr. Clieni. zl 32, xlii 1 1, 37 02 per cent, pliosphoric unhydride, 
26'G6 alumina, and 35 72 initer, .igreeing nearly with the foriiiiiU ATO-" P’0‘.4H'O, 
which requires 38 58 per cent 20'42 Al’O*, and 37’05 water. In other s.implea, 
liowcver, Hermniiii found less phosphoric tinliydride and more nlnminii, probably 
arising from admixture of hydrargyllitc (hydr.vto of .ilumimura, ii 838) 

Sasic salts —a. A suit containing 10AW.loP=O', or AWSOArW. is formed, 
according to L u d w i g, by precipitating a solution of almiiiiiic phosphate in caustic soda- 
ley with acetic acid, but it is most probably uothiug but the neutral suit mixed with 
free alumina 

b 4A1«0' SFO» 18H’0, or 8iU'"PO* 2.‘U"'H»OM5aq.— This is said by Kammcls- 
herg to be the composition of the bulky precipitate termed by adding ttimnonm to a 
neutral Bolution of cfilorvde of niununium. It is more gel.itnioua and truuslucont than 
tlio precipitated normal phosphato ; retiiius 15 at. water at 100°. Its composition 
appears, howm or, to vary according to tlio qn.intity of ammonia added, and tile timo 
during winch it is loft in cont.ief uitli the prceipit.ite ; and, if digested with excess of 
ammonia for about 24 hours, it gives up port of its acid, and is coiiiorted into a hydrate 
of tlie suit 2A1‘'0'‘ P»0’. 

e 3AV0’.2P-0®.12H'O, or 4Al"TO' 2AV"H’0’,9nq.— This is the composition of 
IVaiU'llite, u mineral occurring m tnraetne crystals exhibiting the combination coP. 
CBpai poo , Eatio of mncrodiagoii.il, bruohydnigonal, and principal axis = 1'4943 . 
1 0 7431. Anglo eoP • ooP => 126 25 Cleavage rather perfect, pimillel to coP, also 
p.iriillel to rhe binchydiagonal More fri^nently, lion ever, tlio iiiiiieral forms hemisphe- 
I'ii'.il or globular concretions, having a radiate Htriioture H.irdness = 3 25. SpeoiHcgrn- 
Mtv = 2 337 to 2 3618 Lustre vitreous, indiiiing to pearly and resinous Colour white, 
p.issmg into yellow, greeu, grey, brown, and black. Streak white. Translucent Index nf 
lefinetion = 1 52 —When heuted it gives off water, and sometimes also hydrofluorio 
iieirl , colours the blowpipe flame a faint bluieh-grecu ; swells up on chaieoul, turns 
wliite, and exhibits the reactions of alumina 

Analyses 1, From Zbirow in Bohenna (Hermann, J. pr Chem xxxiii. 288). — 
2. From Barnstaple in Devonshire (Berzelius, Schw J xviii 288, xxiv 121) —8, 
From Steambo.it, Chester County, Pennsylvania (Genth, Sill Am J [2] xxm. 
423). — 4 From Hungary ; KapnicUe, spcciflo gravity = 2 366 (Stadeler, Ann. 
Ch, Phorm. cix, 305). 

(1) (2) (3) <4) 

Fluorine 1 69 2 06 trace 

Phosphoric anhydride . . . 3i’29 33-40 34-08 85-49 

Alumma 36 39 35 38 36 07 89 69 

Fen-ic oxide ..... 1 20 1-26 0 22 

Water 26-34 26.80 28-29 24-92 

Lime ...... 0 50 

99 91 99 30 99 80 100 00 


The formula 3A1»0« 2PO® 12H^O requires 36 14 per cent P’O", 38 13 A1“0>, and 26-73 
water. Stadeler supposes the mineral to contain only 11 at. water 

Berzelius and Hermann regard wavellito as a definite compound of phosphate 
and fluoride of aluminium , bub the quantity of fluorine is so very vaiiahle, many 
specimens containing only traces of it, and some none at all, that its presence is 
probably only accidental As the specimen from Barnstaple analysed by Berzelius 
contained lime, it was probably mixed with fluorspar. 

WaveUite occurs also at Amburg in Bin ana, at Langenstriegis near Freiberg, mnd 
other localities in Germany , also at Clonmel and Cork in Ireland , in the Shaint islimds 
of .Scotland, iit Washington Mine, Davidson County, North Carolina; and at ViUa 
Eica, Mmas Genies, in Brazil. 

d. 25rOM?’0‘, 01 - 2Al'''PO''Al-0“ — ^Tlus compound appears to he produced, as 
nli-eady stated, by the piolouged action of ammonia on the suit b, and oeeiu-s lu com- 
bination with 5, 6, or 8 at. water in the minerals tmquoia or kalaite, pegamte, and 


Tmqiims or KalaiU, 2A1WP-0’ 5H'0 or AV'TO* Al"TFO», aq., also called ayajihUo 
iijulmite, the Su ousa ot the Persians, and (probably) the cuUais of Pliny, is renifbrm. 
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etalacHtic, or inerusting, withnocleaTage; hardness = 6; specific granty 2 6 - 2'G83. 
It has a somewhat waxy lustra, dull internally; a peculiar hluish-groen colour, and 
white Btreulc, is feehly suhtrniislucent or opaque, and has a small conchoida 
ftaeture. When heated it decrepitates strongly, giving off water and turning black. 
■Before the blowpipe it does not swell, but becomes brown and vitreous, and colours the 
inner flume green. With fluxes it gives the reactions of iron and copper. It is 
soluble in acids, and, according to Hermann, dissolves in water after fusion with 
potasli— the several varieties, however, all leaving more or less insoluble residue. An 
analysis by Hermann of ablne oriental turquois gave 28'00 per cent phosphoric anhy- 
dride, 47 46 alumina, 2-02 cupric oxide, 1 10 feme oxide, 0 60 manganic oxide, 1'86 lime, 
and 18 18 water, whence the mineral appears to consist essentially of 2A1'‘0'' P’'0“.6H“0 
mixed with phosphates of calcium, copper, &o. A green oriental turquois (specific 
gravity 2-821) was found by Hermann to contain only 5-64 per cent. P-O*. and 
was evidently a mechameid mixture containing but little real tm-quois. Turquois 
occurs in a mountainous distinct m Persia, not far ftomUicliabour, a less ppo variety 
in found at Jordansmuble in Silesia, and at Oelsnitz in Saxony It receives a good 
polish, and when finely coloured is highly valued as a gem. The occidental or bone 
inrgiiois is said to consist of fossil bones or teeth coloured with oxide of copper. 
(Dana, ii. 405) 

2Al»0» FO“ 6H=0 or 2(Al"'P0iAl’”H''0»), is a green or white mineral 
QocurrmgatStriegia in Saxony, in small rhombic pnsms of 127°, with the acute lateral 
edges truncated, hardness = 3 — 4 • speeifio gravity = 2 49—2 64 Oontams, accor- 
ding to Hermann (J. pr. Chem xxxiii. 287), 30 49 per cent, phosphoric anhydride, 
44'‘t9 alumina, and 22 82 water. 

mchsnte, 2AP0>.P*0».8H’0 or 2(ArT0*.ArH»0>).6aq , occura atHischneTagilst, 
in colourless rhombic prisms of 118° 32', or duU green masses of specific gravity 2-46 , 
behaves like turquois before the blowpipe, but is not readily dissolved by any acid 
except Bulphnric acid. Gives by analysis 29 03 phosphono anhydi-ide, 38-47 aliiiniiia, 
and 27-60 water, together with 1 20 ferric and mangamo oxides, 0 80 cupric oxide, and 
3 00 cupric phosphate and gangiie, (Hermann, loc. mi.) 

jUl the phosphates of aluminium boar considerable resemblance to alumina, both in 
tbo hydrated and in the anhydrous state. The precipitated pliospimtos are gelatinous 
masses, which dissolve easily in acids and in caustic fixed alkalis, and are precipitated 
&om their acid solutions by ammonia, carbonate of ammonium, or sulphide of aiii- 
momum, and from the alkaline solutions by chloride of ammonium, in their original 
state, without loss of phosphoric acid. Hence the distinction between hydrate and 
phosphate of .ilummium, and the separation of phosphoric acid from alumina, present 
cousulerablo difficulties. The methods of detecting and separating the phosphoric aoid 
have been already described, viz • Precipitation by a inaguesium-salt from a solution 
of the aluminio phospliata lu citric aoid coutaining ammonia and ehlonds of ammo- 
nium , precipitation by mercurous nitrate ft-om a solution in nitric acid neutralised by 
potash ; precipitation by molybdate of ammonium, -uranio salts, or cone salts, fi-om 
slightly acid or neutral solutions ; ignition with silica and carbonate of sodium 
(pp, 646—649). 

y. PyrojihosphaU of Ahcmimiim, 2APO’ 3P“0* lOffO = ABP"O®',10H“O 
(dried at 110°). — Produced by preeipitatuig an aqueous solution of sublimed chloride of 
nlumiiuum with pyrophosphate of sodium, 4A10P + 3Na''P-'0’ = APP“0®‘ + 12KaCl. 
It is a white amorphoits piocipitate ex.ictly resembling hydrate of aluminium, insoluble 
inwiitorand m acetic acid, soluble inothei acids, even in sulphurous acid, and separating 
again from the Insl-mcntioned solution on hoiling. It is distmguished fr-om the ortho- 
phosphate by being soluble in ammonia as well as in potash , but when its solution in 
any acid is siipei-satui-ated with ammonia, tlie whole of the aluminium is precipitated 
as a basic salt no longer soluble m ammonia, while part of the pyrophosphoric acid re- 
mains in solution, (gchwarzenherg, Ann Gh. Pharm. liv. 2.) 

Phosphates of Ammonium, a. Metaphosphates. — Hhemonometaphospkak, 

HH'PO®, is formed when the dimetaphosphata is heated for some time to 200° 260°. 

It is nearly insoluble in water, (Pleitmann) 

_ The dfmetaphosphaie, (NH<)»P“0», is produoedby the action of .sulphide of ammo- 
nium containing a little free ammonia on the corresponding copper-salt (p 639), and 
separates from the filtrate on addition of alcohol, in monoolimo prisms It dissolves 
in 16 pts. water, either cold or hot ; may be heated to 300° without loss of agimonia 
and when kept for some time between 200° and 250°, becomes opaque without 
alteration of weight, and is converted into the monometaphosphate (Pleitmaun ) 

The lu x,ni taphosphate, (HH*)«P''0« (Gr aham’s salt), is obtained by saturating deli- 
quescent: raetaphosphonc acid with ammonia and evaporating. 

e. 'The orihophosphatee of ammonium, (Hff)H°PO^ (Nfl<)-HP0h -“nd 
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(NH*)’]?©*, hare tieen already deserited under Ammokuom. Saits (i. 193). TIio 
fcpeeiflo gravity of the flast is 1 768 (Sclliff, Johresli. 1869, p. 19), of the second 
1-B78 (Bui gnat, ihid. 1881, p. 15). An orthophosphate of ammonium and aluminium 
OccMs as a white earth in a volcanic grotto in the Isle of Bourbon. 

7. Pyrapliosphates , — Tho neutral salt, (jNH‘)^PO’, separates on adding alcohol 
to the aqueous acid supersaturated ivith ammoi^in small acicular laminae adhering to 
tliG sides of the vessel. It js easily soluWo in water, forming an alkaline solution 
which gives off ammonia when heated, and forms aeid pyrophosphate of ammonium, 
hut no orthophosphate ; tho latter is produced, on the other band, by boihng the solu- 
tion with excess of ammonia. 

The aeid pyropkosphate, (NH^)'H’I”0’, is obtained in crystals by adding alcohol to 
a solution of the neutral salt mixed with alcohol. Its solution is not altered by 
hoihng. (Schwarzenberg) 

Fbospbates of Sarltun. a Metaphosphates, — MsA&ie\Xa mmomtaphosphaie 
■ nfbanim is obtained by evaporating a solution of barytic carbonate in excosa of mota- 
phosphonc acid, and heating the residue to 316°, as a white powder which is not 
altered hj the action of dilute acids, hut is decomposed by warm concentrated aul- 
phuno acid. It is not decomposed by digestion with nn alkaline carboiiate,and thereforo 
the particular modifloation of metaphosphorio acid whicli it contains cannot bo deter- 
mined with certainty (p. 539). 

The dmetapimphate, Ea"P‘*0".2H®0 (air-dried), separates in crystals on adding 
chloride of barium to a solution of the correaponding sodium- or ammonium sait. It is 
very slightly soluble in water, is not decomposed by boiling with hydrochlorio or nitrio 
acid, but readily by strong sulphiirio acid, when digested with aqueous carbonate of 
sodium, it is converted into diinetaphosphnto of sodium. It docs not give off its water 
at 160°, but at a red heat it becomes anhydrous without melting, and then no longer 
contains dimctaphosphonc ncid, bnt becomes insoluble in water, and is not decom- 
posed by carbonate of sodium, 

The irimetaphosphaU, Ba®P*O'‘.0H*O, is produced on mixing a solution of 1 pt of 
the corresponding sodium-salt m 10 to 16 pts water, with a nearly saturated solul ion of 
2 or 8 pts chloride of barium. On leaving the liquid (filtered, if necessary) to itself 
for a while, the salt separates in beautiful monoehmc pnsms, which give off tivo-thirds 
of their water at 100°, and tho rem.under, with intumescence, at a higher temperature. 
At a red heat it boeomes insoluble in neida, bnt does not fuse Tho umgmtcd salt is 
somewhat more soluble in water than the dimetaphosphate, and when digested with 
carbonate of sodium yields trimetapliospliate of sodium. 

The hc-vnictaphosphate is obtained by precipitating the corresponding sodinm-salt 
(Graham’s vitreous sodiiim-motaphospliato) with chloride of h.irium, as a gchitmons 
precipitate hecomnig tr.uiaUieeiit and brittle when dry. It is insoluble in piu-e water, 
aud m water contaiuiiig Bal-ammoumc, cosily soluble in nitno acid. When heated, it 
gives off water without oompleto fusion, and is afterwards but sparingly soluble in 
mtrio aeid. It is decomposed by prolonged boiling with water, houig converted into 
nn acid metaphosphate, which gradually (bssolves. 

/3. Orthophosphates. — 1. Tlio monobarntic salt, Ba”H*P’0'', prepared by avaporat- 
ing a solution of the di- or tri-barytio salt in aqueous phosphoric aeid, is white, 
crystalline, apparently triolinic according to Erlenmeyer, pei-manent m the air and 
has a slightly sour taste It dissolves without alteration in dilute acids, but is decom- 
posed by water into free pbospborie acid and the neutral salt. 

2 The dibari/ita salt, Ba’H'P’O*', is obtained by double decomposition as a scaly, 
eryst.iUiuo precipitate, soluble in 20,670 pts. of water at 20°, somewhat more soliible 
in water containing chloride of baniim, chloride of sodium, or ammomacul salts ; 
according to Ludwig, it dissolves m 4302 pts. water contiining 1 3 per cent chloride 
of sndiiira or 0’8 per cent, chlondo of barium, addition* of pure ammonia renders it 
less soluble. It dissolves easily in dilute iiitrio or hydroehloric acid, less easily in 
ncetie .icid, of wbieh it rcqmtee 400 pts of specific graiity 1 032 to dissolve it. Brom 
tile solution in iiitrie or hydrochloric acid, ammonia added in excess throws down the 
tnharytio salt (Berzelius) or a salt intermediate between the di-and tri-barytie salts. 
The precipitates also contain chloride or nitrate of barium, and a small quantity of 
ammoniacfli salt, while nontrnl phosphate of ammonium remains m the w'ush-water. 
(Ludwig, “Waokonroder.) „ 

A salt having the cuiiiposition :]^a"H«P*0‘«.3H'0 » Ba''H<'I«0«.Ba»H"-P»0>.3ff0, 
intermediate between the mono- and dibavytic orthophosphates, is foimed by precipi- 
tating a solution of the dibnrytie salt with alcohol 
A solution of dihurytio idiosphato m nitric aeid jieUB, on addition of ammonia, a 
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precipitate consisting of iiarylie pfmspJiaio-mtrate, wliicli, when 

Ignited, leaves a mixture of di- and tri-l).u’ytic phosphates. (Waclcenroder.) 

3, The triharytio salt, B'a“P“0“ II“Oj is formed by procipit.iting chloride of barium 
with tn,sodie phosphate, or with disodic phosphate mixed witli ammonia, and 
Bcpuratea as a heavy granular powder, the supernatant liquid rem.iiniiig neutral. 
It gives off water, but not the whole, at 200°, and does not absorb carbonic aeid from 
the air, 

A solution of this salt in aqueous phosphoiie acid evaporated on the water-bnth, 
deposits 11 . crystalline powder, and if it be then heated to boiling and filtered, the 
filtrate on fiiitlier evaporation yield.H tho inoiiobarytic salt in (apparently liichmc) 
crystals ; but if the original solution be at once lioatod to boiling, it deposits crystalliiie 
grauulcB of the dibavytio salt, Ba®H®P'‘0“, while the mother-liquor rataius a barytio 
pho.,phii.tB containing lat. barium to 6 at. phosphorus. (Erlenmayer, Juhresb. 1857, 
p. 146 ) 

A satmuted solution of tanbarytic jiboapliatc in hydroclilorie acid, if evaporated 
and left to cool, deposits crystais of chloride of banum, tlie inother-hqnor, after 
repeated crystallisation, containing a larger and larger proportion of mouobarytic 
pliospbate ; and if, after all the chlorine has been separated as chloride of barium, 
more hydroclilorie acid be added, m quantity at least naif as great ns that originally 
present, tho whole of tho barium may be separated as chloride and pure phosphorie 
acid obtained. If the solution of tribarytio phosphate in hydiTiahlorio acid be 
evaporated at the boiling heat, shining needles form in the liquid, and, if separated 
by decantation, immediately crumbla to a crystalline powder A solution from whicli 
these crystals had separated, yielded, when mixed, with a quantity of water suffieient to 
redissolvB tliom completely, and, exposed for several mouths to a summer heat in a 
vessel coTored with fllter-papor, hai'd well-defined crystals of a 'phosphato-oldoriie, 
4(Ba’'H<P»0«) Ba”Ca» fErlenmeyer, Jahresb. 1887, p. 147 ) 

A salt lutermediate between the di- and tri-barytic phosphates, and containing 
Ba’PO“ BaWP*0* or Ba*II*P^O'“ is formed on mixiiig a solution of the dibarytie salt 
in hydrochloric aeid with a quantit;y of ammonia exactly sufficient to’preoipitate it. 
(Berzelius.) According to luidwig, a solution of dibaiytio phosphate in hydro- 
chloric acid yields on addition of ammonia a pliosp/Uito-oMondc of hanwm containing 
3Ba»P'0>‘.Ba"CP.3H»0. „ 

7 . Pyrophosphate, Ba.'P’O’. — Pyi'ophosphorio acid precipitates baiyta-wator, 
but not barium-salts ; these salts, however, foian with pyrophosphate of sodium, a 
white, amorphous, pulverulent precipitate of b.irytie pyrophosphate containing 1 at. 
water at 100“ according to Schwarzenberg, 2 at according to Gerhardt. It is 
sparingly soluble in water, aqueous pyropliosphono acid, and aqueous sulphurous acid ; 
more soluble in hydrochloric or nitnc acid , not perceptibly soluble in acetic acid, in 
water containing-sol-ammoniac, or in excess of aodie pyrophosphate, of which, however, 
it takes up a certain quantity. 

Phosphates of Bismuth, a. Metaphosphate — Trioxide of bismuth flised 
with excels of phosplioric anhydride, forms a clear glass, which on slow cooling with fre- 
quent stirring, yields a crystalline salt, apparently consisting of tetrametaphosphate 
of bismuth it is iiisoluhlo in water, and is decomposed by sulphide of sodium, forming 
a tenacious mass probably containing tetrametaphosphate of sodium 

A solution of bismuth-nitrate mixed with metaphosphorio aoid and then with 
ammonia foniis a precipitate insoluble in excess of ammonia (Persoz.) 

8 . Orthophosphates, Bi'”PO*, — Precipitated by nitrate of bismuth from a solu- 
tion of orthophosphonc aeid eontmmng nifrie acid, but free from bydroehlorio or sul- 
phurieaeid (Chancel, Gompt. rend 1 416; Jahresb. 1860, p. 622). The same salt 
containing § at. wafilr is formed, according to Kuhn, by digesting crystallised bismuth- 
nitrate with ordinary phosphate of sodium. 

7 . Pyrophosphate. — 2BpO'' 3P'>0’ or BPP"0®. Obtained by precipitation in the 
same manner as the orthophosphate. (Ohaneel ) 

Phospliatez of Cadmium, o. Metaphosphatea —ynLon oxide of cadmium is 
fused with phosphoric auht’dride, an insoluble salt separates, which when decomposed 
by sulphide of alkah-raetal yields a tetramitaphosplmte (Pleitmann) r-Nitr.iteof 
cadmium mixed with metaphosphoric acid and then with ammonia, forms a precipitate 
winch dissolves m excess of ammonia, but soparates again as the ammoma evaporates 
(Persoz.) . 

8 Orthophosphate, Cd’PT)*'. — Obtained by precipitating a neutral solution of a 
cadmio salt with disodie orthophosphate, as a white msoluble powder, which melts to a 



PHOSPflATES OF CALCIUM, 555 

fraiisparoiit According to Kiilui, the precipitate sometimes consists of a mix- 

turo of di- and tri-eadmic salts 

Pt/rophosp7i.atc, Cd“P’0’.2IP0 (at 100°). — ^This salt is obtained by precipitation 
ns a ivliite nmorplious heavy poiriler, which dissolves in sulphurons aeid and separates 
in nacreous lainiiiie on boiling the solution It is insoluble in water and in potash, 
soluhlo in acids, in ammonia, and in excess of sodie pyrophosphate, whence it is preci- 
pitated by sulphide of aminoiiiinn. 'When ignited in hydrogen, it gives off a little 
pliosphorous anhydride and phoaphorettod liydrogeii, yields a small sublimate of 
ondmium, and leaves a white saline mass still containing phosphoric acid and oxide of 
cadmium. (Schwarzenherg) 

Phospbates of Caiolum, o. MctapTiosphates — ^Tho mononiftaphoaphatCy 
Ca"P®0“, is obtained by dissolving carbonate of cideinm in orthophosphoric acid, then 
evaporating and heating the residue to 316°, us an'insoluhle white powder, which is 
Hot idtored by water or dilute acids, but is decomposed by strong aiilphnnc aeid 
(Maddrell). It is not decomposed by alkahne-c.irbonates, so that its acid cannot be 
transferred to otber bases. (Ifloitmann.) 

SmclWj^hoBplmU of Calcium, 0a“I”0'’.4H’0, is obtained pure and crystalline by 
precipitating the corresponding pot.issium- or aodinm-aalt with excess of eWondo of 
calcinm. It is insolnblo in water, and is but slightly attached hy strong hydroehlone or 
nitric aeid , but strong sulphuric acid decomposes it completely when heated with it. 
It gives off all its water at a red heat, tlie ignited salt no 'longer contains 
dimetiiphosphoric acid, and is not decomposed by digestion with alkaline carbonates. 
(Floitmann.) 

Bmetaphosphatc of Calcium and Ammonmm, Ca'(NH<)®P'0'’.2H’0, is obtained in 
spioular crystals by mixing a solution of calcic chloride with extete of the auimouiiira- 
salt and adding alcohol. It is insoluhle in water, reacts with ocids like the pima 
calcium-salt, and does not give off all its water till heated to redness. Tlie precipitate 
formed hy chloride of ealeiuin and dimetaphosphata of ammonium always coutaius 
ammonia, even when the oWoride of calcium is added in excess. (Tleitmann ) 

$ Orihophoiphatesof Onloium — I. The i«em>raiwsn?i,Ca’’H*P-0*, is produced 
by dissolving the di- or tri-ealcic salt in aqueous phospiionc, nitric, or hydrochloric acid, 
and crystalhsoB on evaporation in sm.ill lamin® or seales containing 1 at water It 
has a strong aeid reaction, becomes moist and greasy when exposed to the air, and 
dissolves readily in water, forming a solution from which alcohol precipitates ii 
mixture of mono- and di-calcie orthophosphates, or a salt of intermediate composition 
containing Ca^H'W^ - 2CuH*FO» OaWP'O* (Berzelius) or = 

CaH^P'O'.Oa’H-P'O* (Raewsky). According to Erlenmeyer (Jaliiesb 1867, p. 
146), the erystuis of mouoeoleic pho.sphato are decomposed hy cold water into dicalcie 
orthophosphate which separates, and a hyperacid salt which renmius in solution 

Monocalcio phosphate melts when heated, giving off all its water, and leaving an 
insoluble metaphosphate. When ignited with charcoal, it gives off oarhonic anhydride 
and phosphorus, and leaves a residue of tricalcic phosphate (p. 600). 

Compoimds of monooalcie phosphate with eulonde of ealeuim are obtained hy 
evaporating a solUtiou of tricaleic phosphate in bydrochlorio acid (p. 657). 

An impure mixture of monoealcie phosphate and gypsum, sometimes mixed with 
organic matter, is ranch used as a manure, under the name of "superphosphate of lime” 
or "disintegrated bone-ash ,” it is prepared by mixing the ground bones either raw or 
burnt with 6 to 10 per cent, sulphune acid. (See Richardson and Watts’ Cfwtmcal 
Tcchnoloffp, 1 . [4] 202 ) 

2. Dicalcta orthophosphate or neutral phosphate of calcium, Cu-H’P'O*, is formed hy 
preelpitating elilondo of calcinm with an alkaline orthophosphate, especially when tlie 
solutions are slightly aoid. The precipitates thus formed vary jn their amount of 
water, and are crystalline or tunorphons, and more or less aolnble in acids, according to 
the manner of the precipitation; they often also contain admixed tricaleie phosphate. 

a. Tctrahydrated, Ca^ffP“0*.4H®0 — ^A salt having this composition is the principal 
constituent of certain ovoid concretions found in the softened ureters and the cloaca of 
the sturgeon (called SdugenStmne in German, from HjSttga, the Russian name of the 
fish), it IS formed when a solution of an alkiilino orthophosphate is poured into a 
solution of diloride of oaleimn (Raowsky), and may he obtained c^stalliaed by pre- 
cipitating Chloride of ealeinm with excess of disodic orthophosphate, dissolnng the pre- 
cipitate in acetic acid, and leaving tlio solution to itself, or by pouring the soliition of 
calcic ehlondo into a solution of sodie phosphate mixed with a large qn.intity of aeetio 
acid, or, according to Percy, hy completely precipitating eliloride of c.ilennn with a very 
dilute solution of sodio phosphate, and pa'^.mg airborne acid into the liquid, whereby a 
portion of the precipitate is dissolved , the filtered liquid left to itself in a loosely 
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covered vessel deposits the salt in rhomhic plates. When a solution of chloride of 
caleinin is precipitated hy a slight excess of ordinaiy sothe phosphate— the solution with 
the precipitate divided into two equal parts — to one portion just enough uitno or hydro- 
chloric acid added to effect solution without the aid of heat— the other portion then 
added— and the whole allowed to stand quietly fur 48 hours— the amorphous precipitate 
of dicaloic phosphate increases rapidly m density, and is gi'adiially converted into fine 
white scales, which, under the microscope, piescnt the appearance of thin tabular 
rhombic prism", with the acute prismatic edges generally truncated, so tliat the crystals 
have the appearance of irregidar six-sided tables The salt thus formed has tlie 
composition abovo given • it is decomposed by boiling in water, and becomes bulky, 
op.iqiie, and indistinctly crystalline, the supernatant liquid strongly reddens litmus 
(Bodeker, Ann Gh Pharm Ixix 200; The saiiio hydrated salt is likewise obtained 
in rhombic tablets by allowing a solution of disodio phosphate to diffuse slowly into 
chloride of oaleiiini. (Drevermnnn.) 

Tetrahydrated dicalcic orthophosphate does not lose weight in vacuo at ordinary 
temperatures, but when heated to 160“ it gives off all its water, according to Bodeker ; 
according to Percy, it gives off 2 at. water at 140°. 

b. TnhyiraUd, Ca®H*P*0“ 3H*0. — ^This hydrate separates in right rhombic crystals 
■when limestone is subjected to the notion of phosphate of ammonium and carbonic 
acid (Booquerel), and is obtained as a eiystalliue precipitate when a solution of 
sodic phosphate is dropped into a large excess of calcic chloride (Berzelius) , also, 
according to Eaewsky, when the solution of calcic chloride is added to the sodio phos- 
plmto. It gives off all its water at a red heat. 

Dicaloic orthophosphate is nearly inaoluWe in cold water, and is resolved by boiling 
■with water into insoluble tricalcic and soluble monocnlcic phosph.ite, The precipitated 
salt dissolves to a slight extent in excess of chloride of calcium, but is reprecipitated on 
addition of ammonia It is somewhat more soluble in water containing a small 
quantity of chloride of sodium, am momacal salts, starch, orgehitin, than in pure water. 
It dissolves readily in nitric and hydrochloric acids, acetic acid likewise dissolves it, 
hut witli some difficulty when it is dense, or when it lius bt i ’ ’ 

sodio phosphate , the solution thus obt.iined, when left to 
in crystals j if, on the contrary, tlie chloride of calcium was 

more easily in acetic acul, and the solution remains perfectly clear Tlie salt dissolves 
also in other organic acids and iii carbonic iieid. The acid solutions react with aUtahs 
just like solutions of the tricaioic salt Sulphm'ic aeid decomposes it completely. 

3. Tncalm orthopbioapiate or Nmlral phosphate of calcium, CaP“0*orSCa''0 P*0*. — 
This b.ilt occurs combiuwl ■with chloride and fluoride of ealoiiim in apatite (i 348), and 
pure in osteolite (iv. 247). It forms the chief constituent of the inorganic part of bones, 
(i 622), at all events, the precipitate formed hy dissolving bone-ash iii nitiio aeid and 
precipitating with excess of ammonia has this composition ; the bones of many animals 
during life, perhaps, eontuin "omewliat less lime. Bone-.isli ooiitains about fuur-tlfths of 
its weight of tricalcic phosphate, the remainder consisting of phosphate of magnesium 
and ourbonato of calcium ; tricalcio phosphate likewise occurs in considerable quantity 
in the excrements of eariiivorons aniiuale and in eoprohtes Berzeliu,? foimorly supposed 
that the phosphato of calcium contained iii hone-earth was not pure tricalcic phosphate, 
but that the ignited compound consisted of 8CaO or 2Ca“P“0“ Cu"P-'0'. 

Tricalcic phosphate is obtained in the amorphous state by precipitating chloride of 
calciiiin with tnsodie phosphato , by slowly adding a solution of disodio orthopliosphate 
mixed with ammonia to a solution of chloi ide of calcium, the latter being kept in excess ; 
hy mixing chloride of calcuiiu with less than the equivalent quantity of disodio ortho- 
phosphate, and piecipitating with ammonia; or by treating dicaloio orthophosphate 
with caustic potash or soda, which abstrncta ona-tliird of the acid 

36a'H*P’0« + 2KHO = 2da»F'0> + 2KII“PO* + 2ffO 

The salt obtained by either of these pineoases is a translucent gelatinous precipitate 
which dries up to a white earthy pomlor. 

The Bait is obtained in the dystalhue state b;y heating dicalcic pyrophospliiite with 
water, whereby it is resolved into phosphoric acid and tricalcic phosphate, -which then 
separates in reotimgular plates : 

3da»P=0' + ZWO ^ 2Ca»P20" 

Dicaloio orthophosphate, heated with water to 280°, unTOgoea a similar but slower 
and loss eomplete transformation, and the resulting tricalcic salt forms indistinct prisms 
(Reynoso) 

The pi-ufipitated salt contains in tlie air-di*ied state 3 to 6 at. ■water, 2 at 


t. of which 
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grailually escape at common temperatures, the salt dried at 100° still retains 1 at. 
water (Ludwig); according to Berzcbiis, the compound contains 2 at. water; after 
drying at 200° it is anliydrous. It is not decomiiosed by simple ignition, but when 
heated to redness with silica and charcoal, it gires off carbonic oiido and phosphorus , 
(p 500), and is converted into silicate of c-ilciimi 

'Ti’icalcic phosphate is insoluble m pure water, alcohol, and ether, slightly solublo 
ill water containing chloride of sodium, ammoniacal salts, gebitiii, starcli, and other 
organic mutters, more soluble in water containing carbonic acid. A litre of water 
saturated with carhoiuo iieid dissolves 0 603 grin, bone-earth, the greater part of 
winch (0 500 gi'm.) separates on lioiluig. (Liebig.) 

Tricaloio phosphate dissolves easily in nitric and hjydrochlorie acids, somewhat 
less easily in acetic acid and other org.inic acids. It is completely decomposed by 
excess of sulphuric acid, if not too dilute A solution of potnssic or sodic carbonate 
docs not decompose it in the cold, but partial doeompositioii takes place on boiling or 
fusing the salt with an alkaline carbonate Tricalcio phosphate dissolved in hydro- 
chloric acid is decomposed by ferric, uranic, ceric salts, &c., lu the manner already 
described (pp. 6 14, 645). From a solution of the salt in nitne acid mixed with iicctato 
of potassium or sodium, acetate of lo,id throws down .ill the phosphoric acid ns phosphate 
of lead. From a similar solution the calcium is completely precipitated us oxalate by 
addition of oxalate of ammonium, the whole of the phosphoric acid remaiuing in 
solution. „ „ 

Tlie salt 8Ca"0 3F*OMI=0 »> 2Ca“P’0“.Ca=H’F*0*, formerly supposed by Berzelius 
to exist in bone-earth, is generally obtained us a gelatinous precipitate when au acid 
solution of tiicalcic phosphate is treated with ammonia not in excess. 

Phosjihatu-ohhiriiles of Culmm, — Some varietiesofapatito consist of 3Ca“P-'0’Ca'CF; 
in others the chlorine is wholly or partly replaced by fluorine A compound of trieolcio 
phosphate with chloride of calcium is produced nrtittemlly_ by mixing the recently pre- 
cipitated dioaloic orthophospbato with chlondc of calcium, and graduiilly heating 
the mixture to rediiosa. Hydrochloric acid then escapes, and the residue stiU contains 
chloride of calcium, only a small portion of which can bo dissoli ed out by water. 
The exact composition of the residue has not been ascertained 

Compounds of monooaloic orthophosphate with c.ileic chloride are obtained by ova- 
porating a solution of the tncaleie salt in hydrochloric acid A solution saturated and 
left to evaporate at common temperatures deposits crusts ni.ide up of rhomboidal 
plates of the s.ilt 7Ca'H‘P“0*.Ca'’Cl- llH-0 ,, The same solution ev.iporated oier the 
water-bath first deposits the dicalcie salt Ca’‘H-P*0‘, and the ttltrate, when further 
1 n. n - i, . , ihosphiito-cliloride just mentioned, then, 

the composition Ca''H'P‘0“ C.i''UP H'O. 

1 le of calcium to a solution of hme iii 

pliosphorio acid containing 2 at CaO to 3 at. P’O*, and evaporating At temperatures 
below 6°, this salt separates partly ns above, partly m long needles containing 8 at. 
water of crystallisation ; these, when kept m a closed vessel, are resolved at ordinary 
temperatures into water and the preceding hydrate. A cold aaturated solution of 
diciucio phosphate in hydrochloric acid yields, according to the extent to which the 
evaporation is carried, various mixtures of salts, among which monoculmo orthophos- 
phate appears to occur, but never pure. When a solution of dicalcie orthophosphate 
in hydrochloric acid is saturated at ordinary temperatures with tricideie phosphate, 
then mixed with half the quantity of hydroehlone acid already contained m it, and 
evaporated at a very gentle heat, so far that it begins to erystaihso on cooling below 6°, 
the crystals thus obtained are veiw much like the first-mentioned phosphato-diloride ; 
but have the composition 4Ga''II<)FO*.Ca"CF SH-'O and the liquid separated therefrom 
yields, on further evaporation, the salt Ca'’H*P’0“ Cb"CF, with 1 or S at. water accord- 
ing to the temperature at which the crystallisataon takes place. (Erlenmeyer, 
Jahreab, 1857, p. 146.) 

Tricalcio phosphate with Aluminio Eydrate, Ca“P*0* 2A1"'H“0” — A. mineral having 
this composition has lately been found occurring as a light, soft, whito powder iu 
cavities and fissures of a mass of quartz-eiystals, mixed with iron and copper pyrites 
and partly coated with ohildreiiite, from Tavistock in Devonshire finder the micro- 
scope it IB seen to consist of minute aeicular cystals, transparent to translucent and 
fragile. When heated alone it glows and becomes opaque, and after ignition gives a 
distinct blue colour with nitrate of cobalt It gives no colour to a borax bead (unless 
ohildreuite is present). It gave by analysis 30-36 per cent. F-'O*, 36-27 Ca"0, 22-40 
Al’O", and 12-00 water; the above formula, or 3Ca"0.P*0’,.d2’0' + SH'O, requiring 
30-41 P'O*, 36 97 C.rO, 22-06 A1’0“, and 11-56 -water. (Church, Chem. Soo. X 
xviii. 263.) 
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A tiimoral, Bupposod to be a hydrated ciileio-aliimiuic phosphate, was found by 
Da in our (Inatit. ISS.'i, p 77, Jnhresb 1853, p. 930) in tha diamond sand of Bahia. 
It occurred in rounded pebbles contnming 12-7 per cent, ivater. 

y. Fyrojihn-,}ihate of Calcium, CaT'O'. — ^Aqueous pyrophosphorie acid pre- 
cipitates Iinie-wiiter, Imt not culeium-anlta. Chloride of calcium yields irith pyrophos- 
phate of sodium a white amorphous precqatate of calcic pyrophosphate; and if thiS 
precipitate is di-iolved iii a saturated aqueous solution of sulphurous acid, and the 
solutiou he.ifed, the s.ilt separates, as the snlphiiroiia acid escapes, in tlie form of a 
erj stuiliiio crust, which floats on the surface of the liquid at first, but ultimately sinks 
at the bottom It is soluble to a small extent in water, insoluble m acetic acid and 
solution of sodic pyrophospbate (Sehwarzenborg) Like dicalcie orthophosphate, 
it IB nioro or less soluble iii acetic acid, according as it has been precipitated from a 
solution containing excess of chloride of calcium or of the aUcaline pyrophospbate 
(Baer) It is easily soluble in nitric and hydrocblonc acid, nearly insoluble in aqueous 
pyrophospbate of sodium. The crystalline salt contains 4 at water, at. of which 
uio retained at 100° and 1 at. at 110°. (Schwarzenherg ) 

Phospliates of Cerium. The only known phosphate of oeriiun is the tricorous 
orthophosphate, Ce’P'O®, which occurs as a natural nnueral both in the anhydrous 
aud the hydrated state, and is formed artificially hy precipitating a ca’ous salt 
with phosphoric acid or a soluble phosphate. The precipitate is white, pnlveru- 
lent when dry, insoluble m water and in aqueous phosphoric acid, slightly soluble m 
hydrochloric and nitric acids. When strongly ignited ui a charooal-linod crucible, it is 
neither fused or reduced, but merely cakes together. 

Anhydrous trieerous phosphate occurs in <7«/pto7«i!f and P/ios^iAoom’iie, asso- 
ciated lu the latter, and probably also in the former, with the corresponding phosphates 
of lanthanum and didymium, also, together with phosphate of lanthanum (and pro- 
bably also of didymium), phosphate of thormum, and a small quantity of phosphate of 
oaleivm, in Monaciie, 

OtypioliU was discovered by Wohler in the rose-coloured apatite of Acendal in. 
N orway, from which it is separated by dissolving the apatite in nitric acid. The oryptohte 
is then left iindissolved, together with microscopic crystals of magnetic iron-ore, horn- 
blende, and an unknown substance of ahyaemth-red oolouiylikewise containing cerium. 
The crystals of c^ptoUte ate hexagonal prisms about a hue in length, and of a wine- 
yellow colour By exposm'e to a moderate heat, they undergo no uhange either in 
appearance or in weight. Specific gravity = 4'6. Decomposed by strong sulphuiio acid, 
tha whole being reduced to n diy earthy mass. 

Plwijpliocfrite was discovered by Mr OUive Sims in the eohalt-oraof Johanmsberg in 
Sweden, of which it forms about the one-thousandth part It remains when the ore 
after o.ilemation is treated with hydrochloric uoid for the purpose of extracting the co- 
balt, as a greyish-yellow crystalline powder, associated with a small quantity of minute 
dark piuiile crystals, which are strongly attracted by the magnet, and appear to consist 
of mngnetic iron-ore and oxide of cobalt. The crystals of phosphoeente, when exa- 
mined by the microscope, present two forms— one an octahedron (not regular), the other 
a four-sided prism with quadrilateral summits , both forms appear to belong to the 
trimetric system. Hardness, between 6'0 and 5 6 (Chapman, Chem. Soe. Qu. J ii, 
154) Specific graTity=4'78(Watta). When exposed to the hlonpipe flame it ntrefles 
partially on the edges and surface, tinging the flame at the same time slightly green. 
With the usual blowpipe reagents, it presents the reactions of cerium, imparting how- 
ever to tlie borax and pliospliate of soda glasses, when cold, a pale violet-blue tint, 
either owhigto the presence of didymium or to the admixture of a small portion of the 
cobalt-ore. With borax and soft iron wire it produces a brittle phosphide of iron 
(Chapman) Oil of vitriol aided by gentle heat decomposes it, forming a pasty mass, 
which IS soluble in cold water, with the exception of a small quantity of silica. 

Analyses - a. <7ri/pAi7(A' (Wohler, Ann. Ch. Phaim. Ivii. 268).— 4 JPAosphocenU 
(Watts, Chem. Soe. Qu J. li 181). 


Phosphoric anhydride . . . 27 37 29‘33 

Protoxide of cerium, See, . . . 70'26 66 65 

Protoxide of iron .... 1’61 2'70 Fe’C^ 

Protoxide of cohalt 0-46 <" 

99-14 99 14 


Both these analyses agree approximately with the formula Ce“P®0* or 30e0.P*0®, 
which requires 36 47 per cent. P®0“ and 69-63 CeO. A closer agreement is scarcely 
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to be expected, inasmoeU rb the oxides of liintlmnum imd didjraium, wliich exist in 
large quantity lu pliosphorerite. imd iiio probably also present in eryptolite, were 
not separated from tbe cerous oxide Phosplioocrito is especially remarkable for tlio 
large amount of didjmium contained in it. If tins is also the case with crj^itolite, 
there can bo but little doubt of the identity of the two minerals, for the differ, nees 
observed in the orystalliiic forms cannot be regaidud as important, or as quite distinctly 
made out, inasmuch us t!io crystals arc merely microscopic 
Hydrated trieoroiis phosphate li.ss lately been found by Church (Chon). Soo. 
J. xviii. 259) in a crystallised mineral from Cornwall, occiimug as a thin crust of 
very minute crystals, closely investing a qiiartzoso matrix The cryafcils are go- 
neralljr arranged in fuu-like groups of single rows of prisms, having their faces 
of union parallel to tlio larger lateral prismatic planes. OTmotinies the structure is 
almost columnar, or in radiating - - ^ ’ ^gy „nd in general up- 

pearanca soraewli.it like that of i appear to ho monochnie, and 

are prismatieally developed. The i _ n unmodified rhomboid; some- 

times, however, its acute angles oi'o trniioated. Cleavage piirallcl to oP, very peifoet j 
the crystals are cleavahlo also, parallel to a plane rephvcmg the acute solid angles or 
acute prismatic edges , also parallel to the larger lateral prismatic planes. The crystals 
are fragile, transpavout to translucent, with vitreous lustre, bright, pearly on the end- 
faces , colour pale smoke-grey inohniug to flesh-red ; streak and powder white. The 
cryskils axe doubly rafoietive. Harduess rather above 3 ; speeiflo gravity approxi- 
mately = 3 14. The mineral he.ited alone in a tube becomes opaque, andgiics off 
water, having a veiy faint acid re.iction In the outer hlowpipo-flamo it becomes red- 
dish, and thru exliibits the difficult solubility of cryptohte. It melts and dissolves 
completely in borax, forming in the oxidising fl.ima ahead, which is opaline and orange- 
yellow while hot, colourless or slightly amcthystnio when cold 

The mineral gives by analyses (mean) 14 93 per cent, nliosphorio anhydride, 61-87 
eerous oxide, 6 42 lime, and 1 i’93 water, agreeing nearly with the formula 60e"0. 
Ca"0.2P®0* + SU'D or (f;06'’.iCa")*P“0*.4n-’0, which requmes 27 73 per cent. P'O*, 
62 73 Co''0, 6 47 Ca''0, and 14 07 water. (Church, Chem. Soc J xviii 269 ) 
Phosphates of Chrotnlum, — a Chromto •metaphosphate, Cr®0’ 3P*0*, or 
Cr”'I“0°, IS obtained as a green auliydroiis salt, perfectly insoluble in water and lu 
acids, by evaporating a solution of chromic oxide in excess of aqueous orthophosphono 
acid, and heating the residue to S16“. (Mad drell.) 

A Ohromotts orthophosphate is a blue precipitate, formed on adding oi'dmary 
phosphate of sodium to the solution of ohronious chloride. It is easily soluble in acids, 
and turns green on exposure to the air (Mobeig ) 

7. Chromic orthophosphate, Cr"PO‘. — A eolution of diroinie olilorido made as 
neutral as possible forms with phosphate of sodium n green precipitate, which turns 
blue-black in drying. (Vauqueliii, see also Dowhug and Plunkett, Chem. 
Guz 1868, 220 ) 

When disoditt orthophosjihate is added by di-ops to a solution of eUrome-alum, but 
not in sufficient quantity to throw domi all tbo chrommin, a bulky precipitate is formed 
consisting of Cr"'P0b6H®0, which, on 8t.inding, becomes dark violet and crystalline 
Tlie flUi-ate ft-oni tins precipitate, if treated with a qu.mtity of sodio phosphate sufficient 
to precipitate nearly all tho chromium, yields a pentahydrated salt, Ci'"'PO^ 6H*'0, less 
erystallme and somewhat lighter in colour than the preceihiig. If the solution of 
chrome-aliim be added by drops to the solution of sodic pboephate, a flocculent green 
precipitate is formed, consisting of a trihydrate, Cr"'P0*.3H-’0. (Eanimelsberg.) 

S Ohrovda pyrophosphate, flCr’O’.SP’O’ -= GdPO*' — Porraed by preeipi- 
tating a solution of ciystnllised clirome-alum with sodie pyrophosphate. At ordinary 
temperatures, a dii'ty red precipitate appears, but with a boiling solution a palo graeu 
piecipitate is obtained. This salt is soluble in solution of sodic pyropbosphute , in 
strong iiiinoiiil acids ; in water acidulated with sulphuric aaid, from which it is again 
precipitated in au ainorplimw state on boiling , and in solution of potash At 100° it 
assumes a deeper green colour, but after ignition appears paler. The hydrate cuutaina 
7 atoms ofw.iter (Schwarzenberg.) 

Phosphates of Cobalt, a Metaphosphates , — ^The monometaphosphate, 
Co"P-0", separates us a rose-red powder when sulphate of cobalt is heated with excess 
of orthopliosphoric acid to 318°. It is insoluble in water and in dilute aeids, deeoiii 
posed by warm sulphuric acid, scarcely acted upon by sulphide of ammonium. (Mad- 

Tha heemiHapltosphaie is obtiuned by precipitating chloride of cobalt ^not the sul- 
phate) with the corresponding sodium-salt The precipitate is red, and is converted 
by agitation into ody drops soluble in excess of the ‘odium-salt. (H. Eose.) 
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P. Orthophosphate. Co“P*0“.8H’0. — Obtained by treating a cobalt-t,alt with 
disudio orthophosphate, as a reddu>h-blue flocculent precipitate, which dissolycs la 
excess of the cobalt-salt, forming a red solution, which yields on boiling a red precipi- 
tate, redissolving us the liquid cools. By decomposing pyrophosphate of cobalt -with 
water at 1S0“, the some salt is obtained in small rose-ooloiirod opystals, winch, when 
heated, give off water and turn reddisli-bluo By heating ciirboiiate of cobalt with 
excess of phospliorie acid to 150“ — 160° in aaealed tube, a liydriitod salt, Co®P-0®.2II“0, 
is obbuned in crystals. (Debray, Ann Ob. Pharm. cxv 60.) 

Ortliopbosplmte of cob.ilt is insoluble in water, and but very slightly soluble even in 
presence of auimoniacal salts, but dissolves in acids and m free ammonia By igniting 
in bydrogon gas it is reduced to tricobaltio phosphide, Co^Ph The precipitated salt is 
used iia apigment. (SalvAtat, Compt. rend, xlviii. 296.) 

A mixture of cobiilt-phosphate and alumina yields when ignited a fine blue colour, 
known as Xeyden (more properly Leithnet's) or Tkinai^s blue, or cohalt-uUramanne. 
It is prepared by mixing 16 pts of recently precipitated gelatinous alumina with 2 
pts, phosphate (or 1 pt arsenate) of cobalt, drying the mixture thoroughly, and thou 
gradually heating it to redness, (Handw. d. Chem vi 362 ) 

y. Pyrophosphate of Oobali obtained by precipitation is soluble in excess of 
the alkaline pyrophosphate and in ammonia (Schwarzenberg.) 

Plboapbates of Copper, a. Metaphosphate — This salt is obtained by mixing 
cupno snlpluite, nitrate or oxide with a slight excess of aqueous phosphoric acid 
(best m the proportion of 4 at. ouprio oxide to 6 at phosphone anhydride), evaporating 
and heating the mass with constant stirring to 360°, tiU it no longer spirts, .ind phos- 
phoric acid begins to escape in white vapours The mass when cold is to be washed 
■with cold water till the wn^-water no longer exhibits any acid reaction , the enpiio 
metaphosphate then remains in a pulverulent, indistinctly crystalline, anhydrous salt 
If a larger excess of phosphone acid is used, and the mixture rely strongly heated 
over a lamp, and then left to cool very slowly, the cupno nietaphosphate separates 
in shining crystals, which are larger and more diaUnot in proportion as the mass has 
been more slowly cooled 

Anhydrous cupric metaphospliate is bluish-white ; quite insoluble in water, nearly 
insoluble in most acids and alkalis, even when eonoentrated, but dissolves easily in 
ammonia, It is easily decomposed by sulphide of ammonium or potassium, less easily 
by sulphide of sodium, yielding in each case an alkaline dimetapliosphate hence the 
salt IB inferred to be rnipric dimetaphosphate, Cu=P''0'® or 2Cu0,2P*0’ It is decom- 
posed by worm strong sulphuric acnl with fomatiou of orthopliosphorie ae,d 
The same salt is obtained in small woU-defined hydrated orystafs, Cu=P^O'a 8H.“0, by 
mixing moderately concentrated solutions of cupric chloride and sodie dimetaphosphate 
from dilute solutions it easily separates on addmon of alcohol It is light blue, 
insoluble m -water, does not part -with its water of crystaUisahon at 100°. 
(Fleitmann.) 


Ammomo-ovpno metaphosfhate, Cu''(NH')«P'0'’.4H«0, is obtained in confused 
needle-shaped crystals on mixing moderately conceuti'ated solutions of nmmonium- 
dimetiiphosphate and cupno chloride, the former in excess, and adding alcohol. It is 
bright blue, sparingly soluble in water, gives off a small portion of its water at ordinary 
temperatures, but stiU retains 2 at. water at 100°. Sometimes the oryetala formed by 
preeimtation as above contain only 2 at water, and these are permanent in the am • 
but the oireumstances which determine the formation of one hydrate or the other are 
not exactly understood. (Pleitmann ) 

Orthophosphates. — An add orthophosphate is obtained as a green gummy 
mass by evaporating a solution of the triciiprie salt in aqueous phosphone acid. 


Dtouprio orthophosphate, Oi{«B?P»0», is obtained as a hlue-green flocoulent precipitufo 
by completely precipitating cupno sulphate with disodie orthophosphate. It is inso- 
luble m water, sparingly soluble even in presence of ammoniacal salts, but dissolves 
easily in acids, even in acetie acid. By ignition -with charcoal it is reduced to dicuprio 
phosphide, Cu'P'. ^ 

The iricuprio salt, (5a"P»0', is produced by precipitating cupno siilpbate with such 
a quantity or clisodie orthophosphate as to leave the former in excess, or bv heatms 
cupno pyrophosphate with water to 280°. The first method yields it as a L'lue-green 
amorphous precipitate. The second, in dark yellowish-green crystals, but containing 
3 at. water. _ It behaves with water and other reagents like the dicupne salt, and is 
rertueed by ignition with charcoal to trioupric phosphide, Ou®P*. 

Several hydra,ted basic cupric orthophosphates, or compounds of cnpric orthophos- 
phate inth eupno hydrate, ocear as natural minerals; their formulae are as follows ; 
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Libethenite 
Psoudolibetliemta 
Tagilite . 
Dihydnte . 

EUite 

Pliosphoohaleita 


. 4Gtt"0 P-0“.H=0 =. Cu’P309.Ca''H»0“ 

. 40u''OJ’W2ffO = Cu»P30«.Cu"HWa<i, 

. 4Cu''0.P*0'.3H20 = Cu''P»0«.Cu"H'0’2a<i. 

. 60u"0.P“0*2H>'0 = Cu»P=’08 2Cu"HW 

. 6Ga"0.P»0».3PF0 = Ca'P^'O" 2Cu"H?0«.aq. (?) 

. 60u"0,P'0»3ff0 = Cu'P*O“.30u"H'O» 


Libethenite occurs at Libethen in Huugaiy and at Nisohne Tagilak in the TJra!, 
in triraetrio crystals Eatio of axes, a'.b.c^ 0'9168 1 • 0-6749. Angle ooP : ooP 
1= 84° fi8'; Poo : f m (basal) ■= 68° 2'. Ordinary combination i»P . Poo , P, the two 


former faces greatly predominating. It is itomorphous with olivenite, CiP(A3 ; P)®0'. 
Ou"H”0” Cleavage parallel to ooPoo and copoo very indistinct. It likewise oooura 
in globular and reniform compact masses. Hardness =. 4. Specific gravity S 6 — 
3 8. It IS subtranspareut or subtranslueont, witli olive-greon colour and streak, and 
resinous lustre. Fracture eubconchoidal to uneven Brittle 171160 heated it gives 
off water and blackens. It colours the blowpipe flame faintly blue and after being 
moistened with hydroohlono acid, distinctly blue, and melts to a blackish mass which 
solidifies in the ei-ystalluie state. It is partially reduced on charcoal, completely on 
addition of sodio carbonate The other cupric hydrophosphates exhibit Bimilar 
characters When hentod. They aU dissolve in acids with blue or green colour, in 
ammonia with puce blue colour. 

Analyses of lAhethemte. — a. From libethen ; crystallised (Kuhn, Ann. Ch. Phami. 
H. 124 ). — b The same (Bergemann, Pogg. Ann. civ. 190). — c. From Nisohne 
Tiigilsk; crystallised (Hermann, 1 pr. Chem. zxxvii. 176)- 
P=0“ As“0‘ 0u“0 H'O 


0. 29-44 . , 66 94 4-05 =• 100 43 

b. 26 46 2 30 66-29 4-04 = 99-09 

0. 28 61 . . 66-89 6-50 =■ 100 


The formula 40u”O.P0’.H*O requires 29-72 per cent. P»0», 60-61 Cu’'0, and 3-77 H*0, 
Pseudolibethenitefrom Libethen (so-called libethemte) analysed by Berthier. 
(Ann Min viii 834), contains 28 7 per cent. PW, 63-9 0a''0 and 7-4 water, that from 
Lini! on the Ehine (so-oaUed ehhte) blackish gi-een, and of speoiflo gravity 4 27, 
analysed by Ehodius (Ann Ch Pharm. bcii 371), contains 28-9 P*0‘, 63-1 Cu"0 and 
7 3 water. The formula 4Cu"0.P»0‘.2H“0 requires 28 64 P^O* 64-10 Cn'O and 7-26 


Tagilite, ammeral fromNischne Tagilsk, oecnrring in emerald-green masses of 
speeiflo gravity 3 6, contains 26 91 per cent P’0‘, 62-88 Gu''0 and 10-71 water 
(Hermann, loo. oit .) , the formula 4Cu"0.P’0‘.3H*0 requires 27 64 P’0‘, 61 86 Cu"0 
and Ip 51 water. 

Dihydrite, occurring at Virneberg near Ehelnbreitenbach, and at Niselino Tagilsk, 
m small dark green crystals, resembling phosphochaleite m physical chnjaetors, 


P’0‘ 0u''0 H’O 

Virnebeig . .24 70 68-20 6 97 = 98-87 Arfvedson, Berz.Jahresb. 

IV 143. 

Nischue Tagilsk . 26 30 68-21 6-49 =. 100 Hermann, loc. cit. 

The formula 6Cu"0.P’0‘.2H’0 requires 24-69 P’0‘, 69-06 Cu"0, and 6 25 water 

Ehlite (which contains vanadinm) has been already described (li. 367) Ciiprichy- 
■ drophospbates are also found at Virneberg and Nischne Tagilsk containing quantities of 
water intermediate between those belonging to dihydrito and ehhte. (Eammels- 
borg's Afiiiei-irfoAejiuc, p 346.) 

Phosphochaleite forms homihedral tomotric crystals, resembling monoolmie 
forms. Eatio of axes, a - i - o = 0-667 ■ 1- Anrio ooP - coP ^ X09° 28' , oP : 
f CO 146° 18^'. Observed combination ooP2 . <3'ai . P oP . Poo . Poo . P2. 
JPco . Cleavage parallel to ooPto , imperfect It also occurs i-eniform and massive, 
indistinctly fl.bi-ous, with a dnisy surface. Hardness = 4 6 to 6 Specific gravity = 
4 to 4-4. Lustre adamantine inclining to -vitreous Ooloni; dark green Streak a little 
lighter. Transparent to subtranslucent. Fracture smaU conohoidiil. Brittle. 

Analyses— a. From Virneberg (Ehodius, Ann. Oh Pharm Ixh. 37 ). — b From Ehl 
on the Ehine (Bergemann, Pogg. Ann. civ 190). — c. From Hirsohberg m the Voiet 
laud (Kuhn, Ann. Ch. Pharm. xxxiy. 218) -. 

Von. IV. 0 0 
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P=0« As’O Cu''0 H=0 

a. 20-4 . . 70-8 8 4 = 99 6 

b. 19-89 1-78 69 97 8 21 = 99 85 

0 20-87 . . 71-73 7 10 = 100 


The formula 6Cu"0.P*0‘ 3IPO requires 21 11 P'O”, 70-87 Cu"0 aud 8-02 water. 

Thr omholite is an ainorphoiiainineralfromKeti'hHnya, consisting approximately of 
41-0 P“0‘, 39 2 Ou"0, and 16 8 water, whence it is probably 5Cu"0 3P“O".10ffO or 
Cu'POS2Gu"P=O". 10B:“O. (Plnttner. J pr Chem. xv 321) 

y. Guprio P^ropJiosphate, 0u*PWH'O (at. 100°), prepared by precipitating a 
cupiac salt with pyrophosphate of sodium, is an amorphous greenieh-white powder, 
which becomes dark blue when dried at 100°, and assumes a lighter blue colour on 
ignition. It dissolves in mineral acids and ammonia, and likewise in pj-rophosphate 
of sodium. When boiled with caustic potash, it is resolved into cupric oxide and 
orthophosphate of potassium Sulphurous acid dissolves it without converting it into 
a cuprous salt, and the solution when boiled deposits it again in the crystalline state. 
It gives off its water on ignition. 

An ammomacal ouprw pyrophosphate 3Cu“P0b2(N®H“Cu")"0.4H*0 or 


(Pb')' 


N* 

■qh- 


4H?0 separates gradually from i 


ammoniacal solution of cupric pyro- 


phosphate covered -snth a layer of alcohol, in nodular groups of iilti-amariue-ooloured 
erystiils, whidi must he dried over a mixture of sal-ammoniao and quiok-lime, to prevent 
them from gii-ing off ammonia 

Phosphate of Sldymlum, Il'i^P-O' 2H®0, separates slowly from a mixture of the 
oonoeuti-ated solutions of nitrate of didymium and disodie orthopliosjjhate, quickly on 
diluting thehqnid or on boding It is whito, pidverulent, insoluble in water, slightly 
soluble in dilute, easily in eouceutrated acids , gives off its water at a heat near redness 
(Marignoc) 

When .1 solution of didymic sulphate is mixed with an equivalent quantity of phos- 
phoric acid (1 at P*0* to 3 at Di"0), two-thii-ds of the dtdyraiiim is precipitated in the 
form of a phosphate which in the dry state contains SDi'O 2P0‘.6II“0, while the rest 
remains dissolved and is precipitated by ammonia as a translucent jelly, which dries up 
to tainslucent rose-red lumps having a conohoidaifraoture. (Hermann, Jahresb. 1861, 
p 176.) 


Phosphates of CHuolnum. A neutral solution of nitrate of glucinnm forms with 
disodio ortliophosphate a white, amorphous, pulverulent precipitate, which when dried 
over chloride of calcium, consists of dtahtame orthophosphate 6’H*P®0®.6H’0, With 
pyrophosphate of sodium a white pulverulent precipitate of glueinic pyrophosphate 


(S^PO’ 6E’0 IB obtained. (Scheffer, Ann. Oh. Pharm. cix. 144; Jahresb. 1859, 
p. 140.) 

Phosphates of Iron. — a. Ferrio Metaph,osphatc,'Eti‘O^.ZV^O’' or Fe"'PW. 
Produced by evaporating a solution of feme chloride with excess of phosphoric acid, 
and heating the residue to 316° The white powder which separates is insoluble m water 
and m dilute acids , strong sulphuric acid decomposes it. (Maddrell.) 

8 Feme Orthophosphates , — ^The precipitates formed by treating soluble ferrio. 
salts with ttlkahne phosphates, vaiy greatly in composition according to the nattire of 
the solutions used and the proportions m which they are mixed . 

Sorrml feme orthophosphate, or 'Eo"''SQ* is formed on adding ,disodio 
orthophosphate to a solution of ferae chloride or sulphate, made as neutral as possible, 
or mixed with a considerable quantity of'an alkaline acetate (p 544) The same salt 
IS gradually produced when a solution of ferrous sulphate is mixed with disodio ortho- 
phosphate tiU a permanent precipitate begins to form, and the filtrate is exposed to 
the air. 

b’erric phosphate thus prepared is a white powder insoluble in water, nearly insoluble 
in acetic acid, slightly soluble in water containing carbonic acid. It dissolves in dilute 
mineral acids, and is precipitated therefrom by alkalis and alkaline carbonates, and 
likewise by allcaline acetates In presence of excess of sodio phosphate, the precipitate 
of ferric phosphate is dissolved by ammonia and by carbonate of ammonium. Ferae 
phosphate is soluble in ferric chloride and slightly also in feme acetate, but quite in- 
soluble in ferrons acetate. Hence when a solution of ferric phosphate in an acid is 
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mixed with forrie chloride and an alkaline acetate, a small portion of it remains 
disfiolrod; but if the feme salt he first reduced to ferrous salt by sulphurous acid, and 
then treated with ferric cliloride and alkaline acetate, the whole of the phosphoric acid 
is precipitated as forrie phosphate ■ the precipitation is much accelerated by boiluig. 

Ferrm phosphate slowly gives up its acid to aqueous alkalis. "When on aeid solu- 
tion of the salt IS precipitated by ammoma, a brown basic salt is formed containing 
3hVO= 2FO* 16H-0 or I’e^O*.4]?e'"PO'.16H®0. By boihng with potash-ley a still 
larger quantity of acid is removed, and tlie residue contains 15 at Fe''‘0''to 1 at 
P“0'' (Eammelsberg), probably a mixture of the normal salt with ferric oxide To 
remove the whole of the phosphoric acid, the salt must bo fused with an alkali or 
alkaline carbonate. 

I'errio phosphate dissolves also with facility in tartaric acid, citric acid, tartrate of 
ammonium, citrate of sodium and citrate of ammonium. The last mentioned solution 
when spread upon glass, dries up to brownish-green scales which dissolve in cold 
water, forming a solution having on agreeable sidme taste , they contain 44 per cent 
fenie phosphate, Fe"TO*, 46 per cent citrate of ammonium, and 10 per cent, water; 
this smt may be used m modieine. (Heydenroieh, Chem News, iv. 158 ) 

Feme phospbata in acid solution is completely decomposed by addition of ammonia 
and sulplude of ammonium, the whole of the iron being precipitated as sulphide, and 
the whole of the phosphoric acid remaining in solution. 

The white neutral salt gives off its water at a red heat and turns brown. On char- 
coal before the blowpipe it is reduced to an ash-grey bead ; under fluxes it is reduced 
only at very high temperatures. When strongly ignited over a lamp m a stream of 
hydrogen gas, it is reduced to ferrous pyroiiliosphate, Fo’^F^O', which if further heated 
to whiteness in the gas, is completely deoxidised and converted into a phosphide of 
iron, Fe‘P’, (Struve, Jahresb. 1860, p 76 ) 

A basiofema phosphate containing 2Fe'0’P*0‘ or Fe’0*.2Fe"T0\ occurs in nature 
oombmed with various quantities of water 

Oaooxene, 2Fe’0’.P®0® 12I1''‘0, from the Hrheck mine near Zhirow in Bohemia, 
forma yellow or broivnish radiated tufts becoming brown on exposm'e. Hardness = 8-4. 
Speoiflo gi'arity = 3 38 An analysis by v. Haner(Jtthrb. d. geol Eeichsanst. 1854, 
p 671, gave 19 63 per cent. P“0*, 47 64 FeW, and 82'73 water, the formula requiring 
20 94 P'O', 47'20 Fe’O®, and Sl‘86 water; hut different specimens present great 
diversities of composition, arising fiom alteration, or the presence of foreign suhstanees. 

Dufrenite or Green iron ore, 2Fe'0’.P‘0’.6H’0, has been already described 
(ii. 347). 

Delvauxone or Delvauxite (ii. 340), is an iron ore of variable composition, some 
spaoimens oontoinmg 2Fo’0“.P’OM8H'0, others containmg the same with 24H'0, while 
others oontaiu hme, and aceurdmg to v Hauer, may be represented by the formnhi, 
Oa*P»0*.2(Fo'0’.Fe''PO<).24H^O. 

Oarphosiderite (from the mica slate of labrador) is a hydrated ferric phosphate 
containing small quantities of manganese and zinc, but it has not been analysed quan- 
titatively. It occurs in straw-yeUow reniform masses and incrustations, having a 
resinous lusti’e and a greasy feel. Hardness = 4 — 4 5. Speeiflo gravity = 2-49 — 2-6. 
(Dana, ii. 431 ) 

B 0 g iron 0 r e (iu 338) also oontains variable quantities of phosphorio aeid. Many 
other iron ores also contain small quantities of that acid, m consequence of which, pig 
iron, especially that prepared by the hot blast, generally contains small quantifies of 
phosphorus. In mmiy strata, ferric phosphate oecuts in eonsiderahlo quantity 
togetner with phosphate of calcium. In some of the lower strata of the elnilk-forma- 
tion of Sussex, Harapath found as much as 26 per cent feme phosphate, and m many 
copTohtea, from 7 to 9 per cent 

A h^^fO-fomo phospJuite or acidferno phosphate, containing Fe"'H’P’0“ 2H®0, is 
said to'-sepurate from a solution of the normal salt in aqueous qihosphorio aeid, left to 
itself in a closed vessel, in transparent cubic crystals, which are tasteless, insoluble in 
water, hut soluhie with brown-yellow colour in ammoma (Winckler) — ^According 
to L. QmMn(Sandbooh:, v. 220), the salt, Fe^ffP-O'^eH^O or 3?''0“<12H“0, 

is precipitated by diaodio orthophosphate from a solution of ferric chloride, according 
to the equatipu : 

2FoGP + 3Na>HPO< = Fe^«P«0» + 6NaCl; 

but according to most authorities the precipitate thus formed consists of normal ferric 
oi’tliophosphate, Fe"'PO^ and phosphoric acid, H“POS remains in solution (p 662). 

Am7ni)nio-/e)'«cpio«j>/iai!e.— Ferric phosphate dissolves in ammonia in presence of 
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pliosphate of sodium, forming a red-brown solution wkob gives off ammonia on evapo. 


7 . Ferrous Orthophosphate 3WO P=0‘ SffO = T*'e*PO" 8H»0 -—This salt is 
formed ns a white crystalline mass when a plate of iron is left immersed for a long time 
in a solution of phosphate of ammonium in an open vessel, or when a solution of disodio 
ortliophospliato is decomposed by a very weak voltaic current with a plate of non for 
the positive electrode (Bocquerel). It may be prepared by dissolving metalhe iron 
in phosphoric acid, or by boiling ferrous sulphate with disodio orthophosphate, both 
solutions having been previously de-aerated by boding. The white precipitate must 
bo protected from the air during waslung and drying. If the solution of ferrous suU 
phate 13 poured into the phosphate of sodium, the precipitate is said to centum 
diferrous orthophosphate, Fo'-'H’P^O’, as well as the trifeiTOus salt. 

Triferroua orthophosphate is white, insoluble in pure water, slightly soluble m 
water containing carbonic acid (in 1,000 pte. of water containing rather more than its 
own volume of carbonie anhydride; j?ierre) It dissolves easdy in dilute nimeral acids 
and in 660 pts. water contaming jgjtb of eommercial acetic acid , also in ammonia, 
forming a ydlowish solution which soon becomes turbid by oxidation on expos me to 
the air ; and in 1,666 pts. water contaaning 160 pts of a concentrated solution of 
acetate of ammonium The precipitated phosphate dissolves in excess of the soluble 
ferrous salt. It melts before the blowpipe and solidifies to a crystalline mass on 
oooUng , when fused with sodie carbonate on charcoal, it is reduced to phosphide of 

When precipitated ferrous phosphate is washed with water containing air and dried 
in contact with the ah', it is converted by oxidation into a lavender-bhie /m’oso-/£mo 
fimphaie containing, according to Eammelsberg, 2!B'6’P20® (Pe’O’ 2F6'"P0').16H'“0. 


Triferi'ous phosphate occurs native as vivianita or blue iron earth, more 
frequently, however, altered by oxidation to ferroso-ferric phosphate. This mineral forms 
monoalinio crystals m which the orthodiagonal, clinodiagonal, and principal axis are as 
l'3Si3 ■ 1 : 1-002 Angle of inclined axes = 71° 25 1 ooP . coP =. m® 12' 
oP : [Pco ] = 146° 33'. Dominant combination ooPoo [ oaPm ] oo P . eoP3 + p . 
- P . + iP . - JP Cleavage parallel to [ coPm ] highly perfect, parallel to ooPoo and 
■JPeo in traces. It often occurs also reniform and globular, with divergent, fibrous, or 
earthy structure; also incrustiug. Hardness = 1'3 — 2. Specific gravity = 2 661. 
Lustra pearly or metallic-pearly on the faces [ copoo ], vitreous on other faces. Colour 
usually blue to gioen, deepening on exposure , in perfectly unaltered specimens colour- 
less. Streak hluish-white, soon changing to indigo-hlue, dry powder liver-brown. 
Transparent or translucent, becoming opaque on exposure Praoture not observable.' 
Thin laminss flexible Sectile. 

Aaah/scs.— n From Delaware; colourless, turning green on exposure (Fisher, SiU. 
Am. J . [y ix. 84). — 6, o. Crystallised, altered by oxidation : i fi’om Bodenmais ; o from 
Mullica Hill, Gloucester County, New Jersey (Eammelsberg, Mmtrahhmie, p. 
326) —d. From Allentown, Monmouth County, New Jersey ; earthy (Karlbaum, Sill. 
Am, J. [2] xxiii. 422).— fl. From Kortseh in the Crimea light bine (Struve, J. pr.' 
Ohem. XX. 236).—/. From Bargusiii, Lake Baikal- earthy, diriy-hlue (Struve, loo. 
ait.)— a. From Kertseh: dark brown, crystalline, specific gravity, 2 72 (Struve 
tac.aii.): ^ 


Phosphoria anhydride 
Ferae oxide . 
Ferrous oxide 
■Water . 

Magnesia 


27 17 29 01 28 60 29 66 20 17 l'9-70 28 73 

. . 11-60 11-91 18 46 21 34 33 11 38 20 

44-10 35 06 34 62 27-62 21-64 13 76 9 75 

27-96 . . 26-13 26 60 27-50 26-10 24 12 


99-32 . . 101-16 101-36 99'66 100-12 100-80 


a agrees nearly with the formula of hydrated triferrous phosphate, 3FeO P*0’ SH-'O nr 
Fe>^0», 8H»0 (calc. 28 29 P^O», 43-03 Fe*0. 28 68 H-0) . 6 and o with that of a feri-oso- 
ferrio phosphate eoutuining 6(3 FbO.PO' 8H"0) + 3(Fe“0“.2p-'0» 8H-0) which re- 
quires 29-00 per cent. P^O", 12 24 Fo»0“, 33 06 PeO. end 26-70 water. The remaining 
analyses may he represented approximately by the following formulm . ° 


d. 3FeO.PO“ + FeWPsO® 

e. 3(3Pe0P=0'‘) + 4FeW.3P'0» 

/. 3FeOP=0“ + 2(3Fe'0».2I«0») 
g. 2(3M''O.P»Oi>) + 3Fe*0» 


46aq. 
33iiq. 
21 aq. 
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Crystals of Tmanite hare been found m the hollow^ of a bone belonging to the ske- 
leton of A miner discovered m an old working at Tarnowitz (Haidi nger, J. pr Chem. 
sliv. 81). Sohlossberger (Ann. Gh Pharm. Ixn. 382) mentions that some iron nails 
found in the stomach of an ostrich, and partly enveloped in black animal matter, be- 
came covered, after several days’ exposure to the air, with blue spots, apparently oi-ising 
from the formation of vmanite 

Ferrous phosphate occurs, with other metallic phosphates, in several minerals, Ohil- 
drenite(i. 869) is a phosphate of iron, aluminium, and manganese ; triplite (p 571), 
phosphate of iron and manganese, triphyllino (p. 672), a phosphate of iron, man- 
ganese, and hthium „ 

A compound of dtferrous ortliopJwsphate with nitrous oxide, Fe'H^P'O'.NO, is ob- 
tained as a brown precipitate on adding diaodic orthophosphate to a solution of 
a ferrous salt saturated with nitric oxide. When exposed to the air, it absorbs oxygen 
and 18 converted into feme phosphate and nitrate. (Handw d. Chem. vi 364.) 

Amnwnto-ferrous oi thophoaphate, (NH^)’'Pe-P“0“ 2H*0 — This salt, analogous in 
composition to ordiuary ummonio-maguesian phosphate dried at 100“ is formed by 
raixmg a solution of 14 pts of iron in hot hydrochloric acid with a small portion of 
sulphite of ammonium , adding to it while hot a thoroughly boded aqueous solution of 
100 pts. crystallised oi'dmary phosphate of sodium, which immediately precipitates 
white ferrous phosphate ; then adding ammonia in slight excess— -immediately closing 
the flaslf, which must be completely filled with the liquid— agitatuig — and leaving the 
mixture to itself for a few minutes, till the precipitate, which is flooculeut at first, is 
converted into laranite, which sink rapidly to the bottom. If it remains floccident, the 
liquid must be heated again, perhaps with the addition of a small quantity of ammonia ,■ 
jf part only of the precipitate becomes crystalline, the lighter flakes must be separated 
by levigation from the crystalline laminae The laminte, on which the air no longer 
exerts any oxidising action, are then thrown upon a filter, washed with thoroughly 
boded water, and dried No ammonia must be added to the water, because it im- 
mediately induces oxidation, so that hydrated ferric oxide remains on the filter, and 
the water runs off brown , hence also, in preparing the salt, care must be taken not to 
add too much ammonia. It forms greeiush-whito, soft lamime, which when rubbed on 
the hand, piodueo a coating like silver, they are pormanentin the air; the salt when 
heated in the air gives off water and ammonia, and loaves first, greenish ferrous phos- 
phate, amounting to 77 per cent.— then yeUowiah- white ferric phosphate With 
potash-solution it evolves ammonia, and when boded thereivith, gives up its phosphoric 
acid and is converted into ferroso-ferric oxide having the form of the original laminae 
It is insoluble lu water, even at the boding heat While yet moist it dissolves readily 
in acids, oven when dilute; but after drying, it dissolves but sparingly and with diffi- 
culty even in ooneeutrutod acids. (Otto, J. pr. Chem. u. 409.) 

5 Fsrrio Pyrophosphate, 2Fe»0> SP^O'.DffO = F‘6‘P“0*'.9H»0.— Obtained by 
dissolving sublimed feme chloride m water, and precipitating by phosphate of sodium ; 
the supernatant liquid is neutral. It is a nearly white powder, having a slight 
yellowish tinge, which deepens at 100®, and becomes lighter again after ignition, 
diesolves in acids and in phosphate of sodium, likewise in ammonia , in the latter it 
forms a yellow solution. It is insoluble in hydrochloric acid, sulphurous acid, aud sal- 
ammoniac On dissolving it m hydrochloric acid without boiling, and precipitating 
by ammonia, the precipitate dissolves completely in excess of ammonia. Carbonate of 
ammonium dissolves it, forming a colourless solution, whereas the ordinary phosphate 
forms a yellow solution It is completely decomposed by fusion with a mixture of car- 
bonate of sodium and carbonate of potassium. After drying at 100°, it lost by ignition 
17'66 per cent, of water, and the ignited salt was found to contain 41-7 Fe*0’ -4 
68 3 P‘‘0». 

Acid ferric chloride precipitated by pyrophosphate of sodium, yields, not ferriopyro- 
phosphate, but an orthophosphate containing 1 atom of base to latomofaeid, m 
100 parts 01 66 Fe“0® + 48 34 P-0‘ This salt, when boiled with ordinary phos- 
phate of sodium, does not yield pyrophosphate of soda, as is the ease 'with the pre- 
ceding. (Sohwarzenberg, Ann. Ch. Pharm Ixv. 163.) 

e Ferrous Pyrophosphate, F'efP^O’, is produced by strongly igniting normal 
ferric orthopho^hatc in a stream of hydrogen. If further heated to whiteness in the 
same gas, it puffers further reduction, giving off phosplioretted hydrogen, phosphorous 
acid, and phosphorus, and leaving a greyish-white, metallic-shining, non-raagnetie 
pliosphidfl of iron, having nearly the composition Fe‘P“ (, Struve, Jahresh 1860, p 76). 
Ferrous pyrophosphate is likewise obtained hy treating a ferrous salt with pyrophos- 
plmte of sodium, as a white amorphous precipitate, which turns green and brown on 
puSui’e to the air. (Schwarxeiiborg ) 
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Fbosphate of lanttaanum. — A. aolntion of sulphate of lanthaunm mised mth 
equiTalent quantity of phosphoric acid, yields a precipitate of an acid orthophos- 
phate 3La"0 or La"P-0‘ hnt when phosphoric acid is gradually added to 

a warm solution of the lanthanum-salt, a white, pul verident precipitate is formed, consist- 
iug of the normal salt ta‘P*0* (K. Hermamn, J. jir, Chom. Ixxxii. 386). The 
latter occurs together with phosphate of cerium in monazite, cryptohte, &o. (p. 658). 

Fhospliates oflioad. a. MetaphospJiates. — 1. Dmetaphosphate, Pb"O.2P0“ 
= Pli'P^O'” A solution of sodic dimetaphosphate mixed with excess of lead-nitrate de- 
posits tliis salt after a while in tolerably distinct crystals , by precipitation with the 
nmmoniura-salt, it is obtained at once as an amorphous precipitate. It is anhydrous, 
nearly insoluble in water, melts without mtumescence at a red heat, and solidifies to a 
transparent glass on coolmg. (Pleitmann.) 

DimetupJtosyaAaU of lead and ammonium, (hrH'')'*Pb"P'0'*, is obtained by treating 
the lead-salt just described with excess of dimetaphosphate of ammonium, or by pre- 
cipitating nitrate of lead with excess of the ammonium-s.ilt. It forms crystalline 
spangles sparingly soluble in water, and but slowly attacked by acids It does not lose 
Weight at 160°, and gives off ammonia only on prolonged agitation. (Pleitmaun.) 

2 Tnmetaphosphate, 3Pb"0.3PW3ff0 or :Pij’’P'’0>» 3H^O.— Obtained hy mixing 
a moderately concentrated solution of sodic trimetaphosphaf e with an equivalent quan- 
tity of lead-nitrate ; the hquid (to be filtered if turbid), deposits the salt on standing, 
in small crystals, which are very shghtlv soluble m water, and give off their water of 
orystallisiition with intumescence when heated. A solution of the sodium-salt precipi- 
tated with acetate of lead yields a salt containing excess of base (Fleitmann and 
Henneberg.) 

8. TetramelaphospTiate, Pb‘P®0’h — ^Wben protoxide of lead is heated for some time 
with excess of phosphoric acid, a salt separates which redissolves quickly and com- 
pletely in the excess of acid, and if the fused mass is allowed to cool slowly, separates 
in large transparent prisms enveloped in an amorphous vitreous mass ooutaining oxide 
of lead, This mass may bo removed hy prolonged treatment with cold water, the tetra- 
metaphosphate of lead then remaining nndissolved It is lusoliihlo m water, melts 
when heated, and forms im amorphous vitreous mass on rapid cooling. It is decom- 
posed by sulphide of ammonium and monosulphide of sodium even in the cold, yielding 
the corresponding salt of the alkah-met.U When heated with dilute acids, it is 
dissolved and decomposed much more easily than the dimetaphosphate. (Fleitmann ) 

4 Hexmetapkvsphate (?) — ^Nitrate of lead mixed with mctaphosphorio acid and then 
with ammonia forms a bulky precipitate insoluble m excess of ammonia. Ordinaiy 
inetaphosphate of sodium forms wiUi acetate of lead a bulky precipitate, which cakes 
together when ogitated, becomes resmoiis on standing, and dissolves in excess of am- 
monia. (H. Eose.) 


lead is dissolved in aqueous phosphoric acid out of contact with the air The solution 
yields on evaporation gi-anular ewstals, which have not been analysed. 

DiplumUc orthophosphate, =■ Dilute solutions of lead- 

nitrate yield with alkaline phosphates, precipitates which are mixtures of di- and tri 
plumbic orthophosphates in varying proportions. To obtain the diplnmbio salt pure, 
a boiling solution of Ipad-nitrate la precipitated by aqueous pboaphonc acid. The pre« 
cipitate consists of dazzling ■white microscopic crystnlhne laminse , it is insoluble in 
water and in aqueous phosphoric acid, hut soluble m nitric acid and in potash. By 
aigeabion with ammonia it is converted into the U-iplumbic salt It melts before the blow- 
pipe, foriTiing a clear bead which exhibits crystalline facets on coobug, but not so dis- 
tinctly as the triplumhic salt when similarly treated. 

Triplumlno phosphate, is obtained as a white, nnrthy, amorphous precipitate, 

by docomposuig acetate of lead, with diaodic orthophosphate, the lead-salt being kept 
in excess, or by the action of ammonia on the diplnmbio salt ; and m rliombio tablets 
liy heating the pyrophosphate Ph-P*0' with water in a sealed tube (E e y n o s o). It 
IS insoluble lu water, moderately soluble in dfinte nitric acid, nearly insoluble in acetic 
acid, easily rouble in potesh-ley. When suspended in water, it is decomposed by sul- 
phuric or Bulphydmc acid. It melts on charcoal before the blowpipe, and the bead on 
cooling exhibits shinmg ^stalline facets. 

precipitating solutions of nitrate or chloride of lead with phosphate of sodium, 
double s.ilts me often formed oonsistiag of mtrato or chloride of lead, comhmed with 
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di- or tri-plumbic phosphate. tXw phosphato-nitrate, Pb’P*OhPblT’0“.2H®0, is 
described under NiTEiTBS (p 96). 

Phosphato- chlorides.— salts Pb=H=P»0».PbC9* 2Pb«P’0» PbCl» and 

3Pb“P*0“ PbCP, obtained by precipitating chloride of lead in various ways with di- 
sodio oithophosphate, have been already desenbed as chloi opliosphates of load (in. 839). 

Pyromorphite or Green load ore (GnmhUie} z) has the composition of the 
last-mentioned salt, 3Pb“P’0“ PbCP, the phosphorus being, however, often more or less 
replaced by arsenic. This mineral is isomorphons with mimetesite, or arsenato- 
chloride of lead, 3Pb*As“0“ PbCP (in which also the arsenic is often partially replaced 
by phosphorus) , also with apatite ; and a variety is known, called brown lead ore, con- 
sisting of pyromorphite combined with fluor-apatite (i 349). 

The crystals of pyromorphite are hexagonal prisms exhibiting the same combi- 
nations as mimetesite (m. 1024). Length of principal axis = 0 7362. Angle P P 
(terminal) =■ 142“ 12', (lateral) = 80° 44' Hardness = 3'6 — 4; specific gravity =• 
6 5871 7'048 Lustre resinous Colour green, yellow and brown of different shades. 
Streak white, sometimes yellowish Subtransparent to subtranslueent. Praeture sub- 
conchoidal, uneven Brittle. Before the blowpipe it melts very easily, and colours 
the outer flame blue-green , the bead soHdifies like that of phosphate of lead above 
described. Sometimes emits arsenical fumes. 

Analyses. — a. From Zschopau in Saxony . green ; spaciflo gravity = 6’27 
(■Wohfer, Pogg Ann. iv. 161) — b From Leadhills in Scotland orange-red (Wo hler, 
loo at) — 0. FromMechernichintbeEifel(Berge ” '' ’. V ’’ me, 

p. 366).— d. From Kransberg ui Nassau • crystall , u • • = 

7'1 (Sandbergor, J. pr. Chem. xlvii 462)— e. 1 '« , . lys- 

stalhsed (Sandbergor Zoc From Beresow in Siberia • crystals accompamed 

by vauadinito’ speciflo gravity = 6 716 (Struve, Verb, d min Ges. zu Petersb. 
1867).— p From Zschopau. white, crystallised (Wohler, for oii)—h From the 
Altai ‘ yellow spherical masses ; specific gravity = 6-687 (Struve, loo. at ) — i. 
From Eosiers near Pontgibaud, Auvergne green and brownish , botryoidal ; specifio 
giavity = 6'67 (Klaproth, Fetivdye, iii. 146, v. 200): 



The variety p has the composition of an isomoiphons mixture of 1 at. mimetesite 
and 10 at pyromorphite ; «, ef 1 at. mimetesite and 8 at. pyromorphite. 

The following are analyses of Brown lead ore : — a. From the Sonnenwirholmine 
near Frieberg • Poly spherite : brown spherules and drops speeifle gravity = 6 092 
(Kersteu, Sehw. J. Ixn. 1) — b From Mies in Bohemia botryoidal, speciflo gravity = 
6 444 (Kersten). — o. From the same locality mystalhsed; specific gravity — 6'988 
(Kersten). — d. From Bleistadt in Bohemia : crystallised, specific gravity «■ 7'009 
(Kersten) —e. From the same specific gravity = 6 843 (Lerch, Ann. Ch. Pharm. 
xlv. 328)— / From England" ciystalhsed (Kersten). 


Chlorine . . . 2 62 2 78 2-60 2-66 2 47 2 60 

Lead-oxide . . . 72-17 76-83 8133 81-46 80 38 82-08 

Lime .... 6-47 3-71 043 032 0-81 032 

If all the chlorine be supposed to be combined with lead, and the admixed apatite 
to be a pure fluor-apatite, these analyses may be included imder the formula . 

M(Pb"CP 3Pb»P'>0'') + (Oa'T».3Ca"P''0») 

the value of n being 3 in a, 6 in 6 and 48 in o, so that the last is nearly pure pyro- 
morphite, as are also d, e, and/. 

N u s s i e 1- 1 1 e, a mineral ft-om the NusaiAre mine near Beaig en. Dept, of the Ehone, con- 
taining, according to Earruol (J. pr Chera. x. 10), 7 06 Pb"CP, 46 60 Pb"0, 12-30 
Ca''0, 2 44 F6"0, 19-80 P^O*, 4 06 As®0“ and 7 20 silica, is probably an impure 
pyromorphite. 

y Pyrophosphate of Lead,'Ph‘‘Y‘Q'''E.^O (at 100°). — Precipitated on adding 
pyrophosjihate of sodium to excess of mtrate of lead, as a bulky white powder, insoluble 
m water, acetic acid, sulphurous acid, and ammonia ; soluble in nitric acid and in 
potash (Schwarz enberg). If the pyrophosphate of sodium is added in slight excess, 
the precipitate contains variable quantities of alkali; a larger excess redissolves the 
piecipitate. 
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tPhosphatea of Utbluta. Only tha orthophospliatea are knora. — MonohtUie 
orthophosphate, Li’H'PO^ is obtained by minng one of the tvro folloivtng salts Tvith 
phosphoric acid and oTaporafing , or by boating acetate of lithium with excess of 
phosphoric acid, in which ease it separates in rather large crystals It is dehq^iicscent 
and yery soluble in water, forming an acid solution which is immediately precipitated 
by silvor-Bfilts, but not by chloride of barium except on addition of ammoma. It does 
not give off any water at 100° , but at 200° half the basic water is eTulved and the 
■whole at a red heat, the residue then consisting of mebiphosphato of lithium. 

Dihthm ortltophosphate has not been obtained pure, but a salt intermediate between 
this and the trilithie salt, -riz. Li'APOMJ’O or Li^HPOhLi’PO'.H’O, is formed on pre- 
cipitating chloride of htlnuni'with orthophosphate of animoniura, as a cry stalhne powder, 
■which dissolves in 200 pts, of ■water, and ^ves off half its water of crystuUisation at 
100°, the rest at a higher temperature 

Tnlitho phosplwte, 2Li“POhH’0, is produced hy precipitating a neutral aoetate of 
hthium with di-ammomc orthophosphate, or the acid acetate with phosphate of 
ammonium and free ammonia ; also by heating carbonate of lithium mth not too large 
a quantity of aqueous phosphoric aoid. It is a white crystalline powder, requirmg 
838 pts. of water at 12° to dissolve it. It gives off its water of orystaUisatiQii when 
heated, but does not fuse at a red heat. 

iiiAM-afii»imia^AospAafo,Li*Al"'P“O'’.15H*0.— Prepared hypreeipitatingasatnrated 
solution of aluToinie phosphate in caustic potash mth chloride of lithium. The -washed 
and dried precipitate is a white powder insoluble in water, easily soluble m acids, 
and giving off a large quantity of water when heated 

Amblygonite (i 164) is a litlno-aliiminio phosphate having the lithium partly 
replaced hy sodium, and containing also fluorides of alunumum, hthium, and aodium. 
Eummolsboi'g {Mineralchcnne, p .369), represents it by the formula (6M“0.3P*0‘ + 
6A1“0“ 8P®0*) + 2(]HP AIF*), wliere M denotes hthium and sodium. 

Triphylliiift is a phosphate of hthium, aluminium, u'ou and manganese (seep 672) 

Lithia-ammomo phosphate, Iji“(NII^)PO*, separates on mixing aqueous phosphate of 
hthium -with di-iimmonic orthophosphate and slowly evaporating ; if a portion of the 
ammonia has been lost hy too rapid heating, free ammonia must he added The salt 
is granulo-crystalline, hke ordmaiy aniraomo-magnci.ian phosphate , slightly soluble in 
water ; melts at a somewhat high temperature, giving off water and ammonia, and 
when heated before the blouqiipe is coloured blue, not red, hy nitrate of cobalt . 

Lithio-oaleia phosphate, LiGa''PO-'. — Obtained, like the analogous double salts, hy 
igniting 1 at pyrophosphate of calcium with 1 at carbonate of hthium. It is insoluble 
in water (H. Bose.) 

Phosphates of Kagnesitmi.— a. Motaphosphatea. 1. Iho monomeiaphos- 
phate, Mg"P'0*, is obtained as a white powder hy dissolving oarhonato of miignesinm 
in aqueous phosphorio aeid, evaporating and heating the residue to 816°. It also sepa- 
rates from the solution of impure phosphoric acid obtained from bones, when strongly 
concentrated. It is insohible in water and in dilute aeids, and is not deeomposedny 
digestion with alkaline carbonates or phosphates. (Maddrell.) 

The dtmtaphoa2>hatc,'}lL^V'0'^ ^WO, (or lOH’O), separates gradually from a con- 
centrated solution of the corresponding ammonium-salt mixed with clilorido of magne- 
sium, in crystalline crusts which adhere to the sides of the vessel, more quickly on 
addition of alcohol. It is insoluble in water, is decomposed by acids, gives off 1 at. 
water at 100°, and tlie whole without fusion at a red heat The ignited salt is not 
decomposed by digestion -with alkaline carbonates (Fleitmann.) 

Scmniiapk aphnie . — Ordinary phosphate of sodium forms a precipitate tvith acetate, 
hut not -with sulphate of magnesium, oven at hoiliug heat The precipitate is soft and 
tenacious (Graham) A solution of sulphato of magnesium mixed with not too large 
a quantity of sodie metaphosphate, forms with ammonia a precipitate which dissolves in 
sal-ammoniac. (H. Bose) 

Ammamo-mngneaio oiietaphospjtate (?) — ^Wheii motapliosphorie acid is dissolved in 
ammonia in a vessel which is kept cool, and sulphate of magnesium is added in such 
proportions as to leave the ammonium-salt in excess, a precipitate is formed, consisting 
of feathery flocks which unite on standing into a soapy mass, drying up to a hrittls 
transpOTont mass This salt exhibits the characters of a metaphosphate, but contains 
according to Waeh (Schw J lix 297), a larger proportion of base, being represented 
hy the formula 4I(t^'0.(HH*)®0.4B’0“.16H.’0 , so that it is perhaps a mixture of 
metaphosphate and pyrophosphate. 

i8 Orihophoaphatea — a. Aoidaalt. By evaporatmg a solution of tri-magneaio 
phosphate in aqueous phosphoric aoid, or by hoihug the neutral phosphate with water, 
and evaporating the filtrate, an acid syrup is obtained which is resolved by alcohol into 
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the trimagnesio salt and free phospliorio acid. When a concentrated aolntion of 
magnesia in aqueous phosphoric acid is mixed with alcohol, an oUy hqnid eeparatos 
which contains 4 at magnesia to 3 at. phosphoric anhydnde, and may he represented 
by the formula Mg"HPO' + icffO. (Kuhn, Arch. Pharm. [2] lix. 
129.) 

Ilmagnesia salt, 14H'0 or Mg"HPO*.7'EPO.— Produced by precipitating 

sulphate of magnesium with excess of disodio orthophosphate. When 2pts sulphate of 
magnesium dissolved in 82 pts. water are mixed with 3 pts. disodio orthophosphate dis- 
solved in 32 pts. water, the salt separates in the course of 24 hours in tufts of prisms 

The orystaUiaed salt forma small six-sided needles, having a cooling sweetish taste, 
and sparingly soluble in water, 1 pt. of the salt dissolves after long standing in 322 
pts water, the clear solution becomes turbid when heated, from separation of tn- 
magnesia salt, wluch partly redissolves on cooling, and on confanned boiling a larger 
quantity of the latter separates, while the hquid acquires an acid reaction. The salt 
dissolves easily in dilute acids. The crystals effloresce in warm air, give off 8 at. 
water at 100°, the remaining sit at 170°, and the basic hydrogen as water at a red heat, 
leaving pyrophosphate of magnesium. 

Tramgnsaia or neutral salt, Mg'P^O*. Formed by precipitating sulphate of magne- 
sium with triaodio phosphate, or by boiling the dimagnesio salt with water. It retains 
6 at. water at 100° (Rammelsherg), hut hecomes anhydrous on ignition. According 
to Voloker (Eep Br Assoc. 1862, p. 169) 100 pts. of water dissolve 0-0205 pt. of 
the recently precipitated, and 0 01 pt of the ignited salt It is readily soluble in 
acids, even after exposure to a white heat. 

This salt is of frequent occurrence m plants, and forms a considerable proportion of 
the ash of the seed of cereal grasses, espeoiidly of wheat It is present m smaller 
quantity in the hones of animals, and forms the chief constituent of many animal 
concretions, especially of bezoar stones. 

Wagn orit e, a rare mineral found in veins of quartz, traversing clay-slate in the valley 
of Hhflongraben near Werfen in Saltzburg, is a phospliato-fliioride of magnesium, re- 
presented by the formula Mg®PWMgF*. It occurs m monoolinie crystals having the 
orthodiagonal, olmodiagonal, and principal axis, as 1-1-045 : 1 0-78664, and the angle 
of the inclined axes = 71° 63 . »F -. coP = 86° 26' ; oP • [Poo ] = 144° 26'. 
Observed faces, ooP, +P, -_P, -P2, s-^P, ooP2, [P2], and others. Moat of the 
prismatic faces are deeply striated. Cleavage, parallel to ooP and the orthodiagonal, 
imperfect ; parallel to oP in traces Hardness = 6 to 6 6. Specific gravity of a 
transparent crystal = 3-068: of an opaque crystal => 2 086 (Eammolsberg). The 
crysWs are yeUow, of various shades, with a vitreous lustre ; streak white, translu- 
cent. Fracture uneven and splintery across the prism. Before the blowpipe it melts 
with groat diffloulty and only m thin splinters, giving off gas-buhbles, and forming a 
geenish-grey glass; when moistened with sulphuric acid, it colours the flame blue-green. 
With fluxes it gives a faint u-on reaction, and molts mth carbonate of sodiiim, effer- 
vescing but not dissolviiig. 

The mineral has been analysed by Fuchs (Sohw. J. xzxiii. 269) andBammelsberg 
with the following results ; 

F P05 Mg"0 0a"0 Fe"0 Mn"0 

a. 6 17 41-73 46-66 . . 4 60 0-46 = 90-61 (Fuchs). 

b. . . 41-89 42-04 1-66 2 72 0 66* (Eammelsberg). 

0. . . 40-23 88-49 4-40 3-31 0 96+ „ 

d. 9-36 40 61 46-27 2 38 4 69 .=» 103 21 „ 

The formula 3Mg"0 P’O'.Mg'T^ requires 11 73 per cent, fluonne, 43-83 phosphoric 
anhydride, 37 04 magnesia, and 7 41 magnesium (or 49-38 magnesia in all). The 
hme in the specimen analysed by Eammelaberg was present as carbonate. 

Lazulite (ui. 477) is a phosphate of magnesium, iron (feirosum), and aluminram. ^ 

5 Phosphates of Magnesium and Ammonium. — 1. Ammonio-memomagmsio 
orthophosphate (NH‘)“Mg"H-PO“.3H'’0 separates in needle-shaped crystals on mixing 
warm and not too dUute solutions of magnesic sulphate and diammonic orthophosphate, 
and leaving the liqiud to cool. „ 

2 Am^omo-dmagncsic Orthophosphate, (rfH'')®Mg“P’0“ 12H®0. — This salt, the 
ordinary ammouio-magnesic phosphate, is produced when a magnesium salt mixed with 
sal-ainmomac is mixed with an aftahno orthophosphate and free ammonia, separating 
immediately from moderately strong solutions as an amorphous precipitate, which soon 


' After deduction of 2-B8 tlllca. 


+ Alunuiia. 
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teaomea lieayy and cvystnlline ; from dilute Bolutions it separates after soma time only 
in small crystals which attach themselves to the sides of the vessel, especially on points 
presenting any loughneas or inequality It separates in this manner from extremely 
dilute solutions, thus affording a very delicate test either for magnesia or for phos- 
phoric acid (ill. 7o2 , iv. 642). The best mode of obtaining it in distinct crystals is 
to mix fiOO iito. of hot water with 4 pts. of strong ammonia, and then add 7 pts. 
crystallised phosphate of sodium, 2 pts. sal-iimmonine, and 1 pts. sulphate of magne- 
sium , the liquid, which is originally alkaluie, becomes ueutral after the separation of 
the crystahi (Graham ) 

This salt is a frequent constituent of nrmary calculi, the so-called fusible oalonlus 
consisting almost wholly of it: it is also found in intestinal concretions, especially in 
gi'iimuiivorous animals. It is formed in the putrefaction of urine, and is precipitated 
therefrom on addition of ammoma in stellato groups of microscopic crystals , it some- 
times separates spontaneously oven from acid urine iii three-sided prisms. Large 
ciyatals of it have been found in some varieties of guano, namely, from Patagonia and 
from. Salilanha Bay on the eo.ist of Africa, and m an old dung-pit at Hamburg , this 
native salt is called Struvite or Gimmte, 

The oiystals are trimetrie, having the axes a:b - a = 0'6429 1 : 0’G233 ; those of 
native struyite are six-sided prisms about an inch long, exhibiting the faces mPoo , 
coPco , coP3, I>oQ , JPw , ipco , oP, and hemimorplious from predommanoe of the face 
wPto on one side (Tesehomacher, Phil Mng. [3] xxviii. 646— -De la Provos- 
tage, Compt rend. Iviii. 442 j see also Dana, ii 413). They have a speoiflc gnivity 
of 1 65-1 7 ; hardness «= 2, a vitreous lustre; arc transparent and often ooloiu’ed 
yellowish by impurities The artificial salt generally forms a fine ciystalline powdei, 
or colourless, translucent, four-sided prisms. 

The salt is tasteless and slightly soluble in pure water, 1 pt. of it dissolving in 
16,300 pts of cold water according to Freseniiia, in 13,600 pts iioeording to 
Ebermayer (Compt rend ixxvii, 360) In presence of sal-ammoniac it is more 
soluble, 1 pt. of the salt dissolving in 7660 pts. of a liquid containing 1 pt. s.il-ivm- 
moniao in 6 pts. water (Freseuiua). Iii water containing free ammonia, on the 
contrary, it is less soluble than in pure water, 1 pt. requiring for solution 44,000 pts 
of ammomaoal water (Fresenius) According to Ebermayer, the solubility 
diminishes as the proportion of ammonia in the water mcreases , thus — 


Mixture containing. 

Quantities required tudlsRoWe 1 pt. 
of the Anhfdious Double Balt. 

Water 

Aqiieou. Ammonia of apeclflcgmliyO 9(il. 

100 pts 
100 

100 

100 

Pure aqiioou 

26 

100 

200 

800 

8 Ammoma of specific gravity 0'961. 

81.000 pts. 

43.000 

46.000 

62.000 

60,000 


The addition of sal-ammoniae renders the salt more .soluble also in water containing 
free ammonia, phosphate of sodium does not appear to dimmish the solubility. 

The double salt dissolves easily in acids. At 100° it gives off 10 at, water without 
loss of ammonia; at a stronger heat the whole of the water and ammonia escape, 
the mass exhibits a vivid glow, and pyrophosphate of magnesium remains behind 

(Nff)»Mg=FO“ = + NH“ + H»0. 

y Pj/Toplospliaie of Magnesium, Mg=P'“0’ 3H*0 (at 100°). This salt remains 
in the anhydrons state when umnionio-dimagnesic phosphate is ignited. 

The hydiMtod salt is obtained hy_ precipitating sulphate of magnesium with on 
alkaline pyrophosphate. The precipitate dissolves in excess of either of the salts 
which produce it. the solutions becoming tnrhid on boiling and remaining turbid when 
cold. The precipitated salt is white, .imorphons, and bakes together in drying like 
hydrate of alnmininm. It may ho rendered eryatalhne by dissolving it m sulphurous 
acid and boiling the solution. It is very slightly soluble in water, but dissolves easily 
in nitric or hydrochloric acid. (Schwnrzenberg.) 

pbosphates of manganese, a Metaphosphate, Mn'T'^O" — ProSneed by 
evaporating a manganous salt with excess of phosphoric acid, heating the residue to 
316°, in the same manner ns for the preparation of the corresponding cupno salt (p. 660). 
It is reddish white, insoluble in water and dilute acids , does not melt at a rod heat ; 
is Scarcely acted upon by sulphide of sodium or ammomuin, even with aid of heat; 
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but IB decomposed by digestion witb carbonate of sodium, yielding dimetaphospliate of 
Bodium , whence Fleitmann regards the man^anons salt also as dunetaphosphate. 

A solution of manganous chloride mixod with dunetaphosphate of ammonium and a 
little alcohol, deposits eiystals of a hydrated salt, ]Vtn"P“0“.4H*0, which is insoluble in 
water and dilute acids, and gives off all its water on ignition It is decomposed 
by heating with sulphuric acid and by fusion with nlkahne carbonates. (Fleitmann.) 

$ Manganic Orthophosphate — ^When mingamo oxide or finely divided pyro- 
lusite IS mixed with aqueous phosphoric aeid, the liquid evaporated down, and the diy 
residue finally heated nearly to redness, a violet suhstaneo is formed, which is resolved 
by water into a dark red solution, and a peach-blossom-eolourod insoluble powder, 
consisting of Mn’O® 3l”0“ 0 or Mn'"P"0”.BP0 : therefore a metaphosphate. The 

red acid solution yidds by evaporation light brown-red erystals of variable com- 
position. (Hermann, Pogg. Ann. hadv. 303.) 

Kobell (J. pr Ghem. Ixxvi. 416, Jahresb 1869, p. 666) recommends manganic 
phosphate for use in volumetric analysis in place of permanganate of potassium, as 
being more easily obtained. He prepares it by boiling down a mixtoe of finely divided 
pyroTuaite and aqueous phosphorio acid, till the residue becomes syrupy and assumes a 
deep violet-blue colour, if not too strongly heated, it dissolves completely in water, and 
if diluted with six tiiaea its volume of water, it is as peimauent as a solutum of per- 
manganate. It may be titrated in the same manner as the latter by means of a ferrous 
solution. 

y. Manganous Orthophosphates. — Monomanganoue salt, Mn"H*P’0‘.2H'‘0, — 
A solution of one of the two following salts in aqueous phosphorio acid yields this salt 
on evaporation m small prismatic easily soluble crystals, which give ofif half their 
water of crystallisation at 120°. Alcohol decomposes them, obstracting phosphorio 
acid and leavmg the dunanganous salt. 

The dtmanganous salt, M!ri*fl'P»0®.eH’0, is obtained by adding disodic orthophos- 
phate to a solution of manganous sulphate acidulated with acetic, hydrocLlono, or 
phosphorio acid, till the precipitate begins to be permanent, it then separates on 
standing in hard granular crystals (Heintz). It is also obtained in the crystalline 
form by precipitating a manganons salt with phosphate of sodium, mixing half the 
hquid with free acid till the precipitate dissolves, and then addmg the other half 
(Bodeoker) ; also by treating the trimanganous salt with half the quantity of phos- 
phoric acid required to dissolve it 

The tiimanganous salt, J&P’O'.TH’O, is formed by precipitating a neutral solution 
of a manganous salt with disodio orthophosphate. It is a white amorphou.s powder, 
which dissolves sparingly in water, easily in dilute acids, gives ofif 4 at, water at 100®, 
the remainder only at a rod heat. 


Ammonio-man^anotis phosphate, Mn’(NH'‘)*P*0®.2H®0. — This salt, analogous to the 
ordinaty ammonio-magnesie salt dried at 100° (p. 670), is produced by the action of 
ammonia on recently precipitated tnmanganons phosphate, or by precipitating a man- 
ganous salt with phosphate of sodium in presence of an ammomum salt and free 
ammonia. To obtain it crystallised, a solution of manganous chloride is procipihited in 
a flask with phosphate of sodium, hydi-ochlonc acid is then added till the precipitate 
dissolves , and the solution is heated to boding, and then mixed with excess of ammonia. 
The precipitate, which is amorphous at first, changes on standing for some time m the 
closed vessel into silvery laminie nsimlly having a reddish colour (0 tto.) 

The salt is insoluble in water and m alcohol, easily solnblo in dilute acids : it ia 
decomposed by boding with caustic but not with carbonated alkalis 


has the composition 
crystalline masses, exhibitii 


Mu"o[ It occurs in imperfectly 

ihibiting tlmee unequal cleavages in directions at right angles to each 


other, therefore trimetric. Hardness = 6-6. Specific gravity = 3 44 — 3 8 It has 


a brown colour, yellowish grey streak, and resinous lustre inclining to adamantine. 
Sulitranslucent to opaque Fraotm’e small conchoidal Contains, according to Berze- 
lius 32 61 per cent, P^O“, 31 96 F6"0, 32‘40 Mn"0 and 1 73 Ca"0; the foriuAa requires 
32 61 per cent P-0", 34 17 Fo"0 and 32 40 Mn'’0. 


Heterosite (lii. 161) and Hureaulite (m. 176) are hydrated ferroso-man- 
gauous'^ihosphates. 


A jemoso-manqanous phosphato-jluoride called Zwieselite, having in fact the 
composition of a finorapabte m which the cidcinm is replaced by iron and manganese, 
is found at Zwiesel neai' Bodenmais in Bavimii, in crystalline masses, supposed to 
have a hexagonal structure isomorphous with that of apatite. It cleaves distmctly but 
imperfectly in three directions. Hardness = 6. Specific gravity = 3 97. Lustre 
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greasy Coloui clove-brown, streak greyish-white. ]?ractiire imevon or imperfect con- 
choidal. It Ims been analysed by Fuchs (J pr Chem xviii. 499) and Rammels- 
berg (^Miiieralaheme, p. 351), with the following results 
F P"0» Fe"0 Mn"0 SiO^ 

S'18 35 60 41 66 20 34 0 68 = 101-36 (Fuchs). 

6 00 30 33 4142 23-26 = 101 (Rnmmelsberg) 

Eammeliberg's analysis leads to the formula | “-r’O” 4- | P* ” 

(llFa".prn’’)’P'0»(3F6"4M:u''lF», which requires 8 48 per cent F, 31 60 42 73 

Fe"0 and 20 77 Mii'O. Fuchs erroneously regai-ded the mineral ns apatite luiving the 
calcium isomorphoiisly replaced by u-on and manganese, and thence called it non- 

Jjithw-ferroso-mun^anous Fho^hates — 1. Triphyllin e, from Bodenmais in Bavaria, 
is an isomorphous mixture of the orthophosphates of iron, manganese, and lithium. It 
mostly occurs massive, but sometimes in trimetric crystals, exhibiting the combination 
mP . aP2 ooPoo . Poo . oP. Angle ooP . <»P = 93J° . oP f co =. 133° The 
snrfaees however are lather dull, and the angles not constant. Cleavage parallel to 
oP, sometimes perfect , parallel to <»P and one diagonal, imperfect, the latter least so 
Hardness = 6. Specific gravity = 3-6 Suhrcsiuous, with greenish or bluish-grey 
oolonr, and greyish-white streak. Translucent in thin fragments. It decrepitates 
slightly when heated, giving off a small quantity of water, and acquiring a darker 
colour Before the blowpipe it fuses very easily to a shining, dai-k grey, magnetic bead, 
colouring the flame bluish-green and sometimes reddish, with fluxes it gives the re- 
actions of iron and miingauese. It dissolves readily m acids , is imperfectly decomposed 
by caustic potash. 

The first three of the following analyses of triphyUine are by Hamm elsb erg 
(Mryici'alcJicime, p. 323) ; the fourth is of a variety called ielraphi/lhiu or perowshne, 
from Tammela in Finland, by Berzelius and Nordenskiold ; it differs from the Bodeu- 
mais mineral in exhibiting on the freshly broken surface a yellow colour, gradually 
becoming black. 

p:0'‘ Fe'O MiiO LPO Na'O K’O Ca''0 Mg''0 SiO> 

40-72 39 97 9 80 7 28 1-16 0 68 . . . 0 26 = 100 06 

40 82 86 64 9-06 6 84 2 61 0 36 0 68 1-97 . . = 98-16 

4119 38 21 6 63 7-69 0 74 0 04 0-76 2-39 0-40 = 100 06 

42 6 38-6 12 1 82 1-7 . . = 103-2» 

Eammelsberg deduces fi-om this third analysis the formula 
2 I Vo», requiring 44 81 percent P’0‘, 39-76 Fe"0, 6 63 Mu''0, 7-37 la’O 

and 2 53 magnesia. The first two analyses, which gave larger quantities of base, ha 
supposes to h.iva been made on samples which had perhaps lost some of their aeid by 
weathering, or were mixed with small quantities of triplite (p 572). 

The foUowing minerals are supposed to have been foi-med from h-iphyllme or 
triphta by assumption of water aud oxidation, the triphylliue also sometimes losing 
its alkalis. 

1. Black crystals from Korwloh, Maaaachusotts, closely resembling triphyUma m 
form and cleaviigo, but presenting considerable variation in their angles (for the mea- 
BUienients seeDana, Ifinextfoyy, ii 407). Hardness = 6-5 Specific gravity = 2 876. 
Streak btowmsh-red. Opaque. Bi-ittle. Melts easily before the blocpipo with mtu- 
mesceuca to a black mass. Mean of two analyses by Gi-aw (Sill Am J [2] xi 99). 

2 Alluaudite, from Ohanteloub near Limoges Brown, cleaving like triplite Hard- 
ness above 4. Specific gravity = 3-168 Dissolves in Iiydroeldono acid with evolution 
of chlorine. Analysis by Damour (Ann. Min [4] xiii. 341). 



Eammelsberg suggests for these minerals the formnlte: 

(1) (M’0.P«0‘).(M=b».2P»0‘) -I- aq. 

(2) (M’0.P’0«).2(2a'0».P‘0‘) -h 4aq.; 
but observes that it is very doubtful whether they are homogeneous. 

uthia**® ■“ «uiiposcd to have ariaen ftom an incorrect dcteimlnatlon of the 
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(3.) P s en do t ri phte, from Bodonmais in Bavaria; probably formed by oxidation of 
tophylline and removal of tbe alkalis by water. Shgbtly attacked by nitno acid. The 
first of the following analyses is by Pnohs; the second byDelffs (Bammlsberff’a 
Jihneraleherme, p 332), 

P»0» H»0 SiO» 

3fi-70 4811 8 94 6 30 1-40 = 99-61 

30-71 61-00 8-06 4-62 0 71 = 100 

Hence may be adduced the formula .2P*0" + 2 aq. 

(4.) A mineral from Ohanteloub, sometimes caUed Heterosite (iii. 161). Bluish- 
violet. Specific gravity = 8-41 Contains accordmg to Eammelsberg, 32 28 percent. 
P^O*, 81-46 Pe-O", so 01 Mn*0^ and 6 6 water, whence perhaps it is constitated 
according to the formula 6M“0“.3P”0“ + 6 aq. 

d. Manganous Pyrophoaphaie, Mn“P^Oh3H*0, at 100°.— Obtained by precipita- 
tion as a -white amorphous powder, whidi by solution in sulphurous acid and boiling, 
may be converted into nacreous crystalline Jaminoa. It is soluble in acids and in 
ammonia, insoluble m excess of the manganous salt, but easily soluble in tbe alkabno 
phosphate, and from this soluhon the manganese is not precipitated by sulphide of 
ammonium even after long standing 

Fbospbates of IHCeroury. a. Metapkosphates. — ^Mercuric oxide heated 
with meUphosphoi'io acid, yields on cooling a salt which crystalhses with great 
difficulty 

A solution of merouno nitrate, mixed with ordinary vitreous metnphosphato of 
soduun, yields a whits precipitate, which changes on agitation to a thick, heavy, oily 

Merourous nitrate yields in like manner a dense white precipitate, which becomes 
resinous on boiling, and dissolves in excess of sodic motaphosphate. 

A meiourous metaphosphate cannot be produced in the dry way, for on heating 
meroiu'OUB oxide with phosphoric acid, mercury volatilises and mercimc metaphos- 
phate remains behind. 

8 Orthophosphates. — Tho h'meronno salt, llg’P^O*, is obtained as a heavy 
whitepowderbyprecipitatingmeiouncnitrate(notthechloride)with ordinaryphosphate 
of sodium ; also by digesting mercuric sulphate with a solution of tho alkaline phos- 
phate It IS insoluble m cold water, soluble in acids, including phosphorio acid , also 
in w.iter eontaining ammonium-salts, espeemlly the chloride, 6 pts of which dissob od 
lu water effect the solution of 1 pt. of mercuric phosphate It is decomposed by 
aqueous alkalis and alkahne eai-bonates, a small quantity of mereurio oxide being 
sometimes dissolved The dry salt melts when heated to a dark yellow glass, which 
solidifies to an opaque mass on coohng {Eandw d. Ohem. n. 876 ) 

Tnmorouiom Phosphate, Hg^PO’’, is precipitated, on adding phosphate of sodium m 
excess to mercurous nitrate, as a white powder, mostly amorphous, but sometimes crys- 
talLme; soluble m excess of merourons nitrate , insoluble in water and in aqueous 
phosphorio aoid , resolved boiling with water into mercurie phosphate and metallio 
mercury , decomposed in like manner by hydroohlorie acid. When the dry salt is 
gently heated in a tube metallio mercury escapes, and mercurie phosphate remains as 
a residue, yellow while hot, white after eoohug. {Handw ) 

Mei-curous Phosphato-mt> ate, Hg'PO' HgNO'.H’O — Obtained by adding phosphate 
of sodium to excess of mercurous nitrate, as a yellow crystalline precipitate which 
is not decomposed by washing with cold water. (Gerhardt, Alin. Oh. Pharm 
Ixii 81.) 

y Pyrophosphates — 1 softs, Hg’P®0' (dried at 100°). A solution of 

mei’Ounc nitrate forms with pyrophosphate of sodium a white precipitate which 
becomes yellowish-rad on further addition of the alkidi-aalt, and is converted by an 
excess of tho latter into a roddish-yellow liasic compound. It is insoluble in water, 
easily soluble in acids, insoluble in excess of sodie pyropbospbate, quickly decomposed 
by potash (Gmeliu). Mercurie chloride is not immediately precipitated by alkaline 
pyi-opl;psphates, but after some time, or more quickly when heated, a red basic salt is 
precipitated {Eandw., vi 398 ) 

2 Mtrmiroiis Pyrophosphate, Hg-T’O’.H’O (at 100°). — Mercurous nitrate forms 
with pyrophosphate of sodium a white eiystallhie precipitate, insoluble in water, 
soluble when recently precipitated m excess of the alkahne pyrophosphate, the solution 
depoaitmg a black powder when boiled. The salt dried at 100° is blackened by solu- 
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tion of sodio pyvophospliatp, but not dissolved. Tho salt when ignited leaves a 
residue of marcnrio metephosphato. (Schwarzenbarg ) 


Phospbates of AColybilenttm. A solution of molybdic chloride yields with 
ortliophoapliato of ammonium, a light red floconlent pTocipit.ita, but the precipitation is 
not complete, A filtered solution of molybdic dioxide in aqueous pliosphorio acid 
leaves, on evaporation, a red viscid mass eoiisiating of an acid salt, soluhlo with red 
colour in .umnonia , bnt the solution soon becomes turbid, and deposits the greater part 
of the salt; it becomes colourless on expoauro to the •■ur 

A solution of molybdous chloride forms, with diaodio orthophosphate, a diiric grey 
precipitate, soluble in excess of the raolybdons chloride. A solution of molybdous 
hydruto lu phosphoric acid yields, by spontaneous evaporation, a dark purple deliques- 
cent mass, tho ammomacal solution of whioh is dark brown by transmitted, black 
and opaque by reflected light 

VhosvJmmoiybdte acid has already been dosenhed (lii. 1037). The yellow phospho- 
molybdate of ammonium, precipitated on adding a small quantity of a soluble ortho- 
pliQsphate to a solution of molybdate of ammonium mixed with nitric or hydrocblono 
acid, contuins, according to various authorities, fiom 3 14 to 3 82 per cent. P“0*, 
and 91'28 lo 92 70 per cent MoO*. Zenckor (Jahresb. 1863, p 365) aaeigns to it 
tho formula (lSH'i)‘O.6(H»0.MoO«) + 2(Nn^)H-POh By mixing a syrupy sofution of 
molybdic trioxide in hydrochlonc acid with a small quantity of phosiihoric acid, and 
saturating with potash, a mass of oryatalhiie scales is ohtauicd, consisting of a pot.is- 
sium-salt, luviog, according to Zoncker,the composition 3(IC'O.MoO=).2KffPO'.9H*0 
(see iii 1037 and iv. 646). 

I>liasphatea of Nickel, a. Jlfe<apAosplifltf,Ki'TE«0'’ Obtained by evaporating 

a solution of uickel-sidphate in pliosphorio acid and heating tho resitluo to 316‘> It 
is a greenish-yellow powder, insoluble in water and m dilute acids, and not decomposed 
by iiquBons alkabno carbonates or sulphides even at the boiling heat, bnt decomposed 
by heating with strong sulphuric neid or by fusion with oarboniite of sodium 
(Muddrell.) 

fi Oi thophoaphate, Ni'P’O’ 7H®0 — ^Light green precipitate insoluble in water, 
soluble in excess of die nickel-salt, easily soluble m aoids; gives oflP water and turns 
yellow when heated 

Tho recently precipitated salt dissolves in aqueous ammonia, and on boiling the 
soliifion, or mixing it with alcohol, an ammoaio-niekel phosphate is deposited in 
light blne-greon or apple-green flocks. If the alcohol be carefully poured on the 
solution BO as to form a layer on the surface, the double salt is gradually deposited in 
green crystalline graina 

y Pyrophosphate, Ni*P’0’6H’0 (at 100®), is obtained by precipitation as a 
light green powder, insoluble in water, easily soluble in acids, and separating in the 
erystalhns state from the solution in sulphurous acid ; it dissolves in ammonia and in 
excess of allcaUne pyrophosphate, and tho nickel is precipitated therefeom by sulphide of 
ammonium. 

If the mekal-salt contains cobalt, the eoholt-pwophosphate is deposited from the 
solution in sulphurous acid on boiling, before the mckd-salt, and on mixing the 
ammoniaoul solution with alcohol, the eobalt-aalt is preeipitated alone. ® 

Phospbato of Osmium. An osmious phosphate is produced by hurning 
phosphulo of osmium lu contact with fir, or dissolving osmious hydrate lu aqueous 
phosphoric acid It forms a dark blue-green moss nearly insoluble in cold water hut 
soluble with green colour in mtne acid ’ 

Phospbate of Palladium. "When aqueous phosphoric acid is boiled in contact 
with palladium, part of the metal dissolves, and phosphorous acid is likewise formed, 
which reduces a portion of the dissolved palliidioua oxide, bo that as the liquid cools a 
film of metnllio palladium forms on its surface 

PalladiouB nitrate yields a light yellow precipitate with alkaline orthophosphates. 


Pbospbateg of Potassium, a. Metaphosphates.— Mmo^otossio ortho- 
heated nearly to redness is converted, without melting, into the metaphosphate 
KPO", winch mdts at a higher temperature without further alteration (Graham). Tho 
same salt is obtained by evaporating 3 pts potassio chlorate with 1 pt, of tyruny 
pliosphorio acid, strongly igniting the residue, and treating it with water- the meta- 
phosphate then remiuns ns a white powder (Maddrell). It is nearly insoli-ble in 
water, but is dissolved by acids either concentrated or dilute. Its solution in acetic 
acid gives precipitates with chloride of barium, acetate of lead, and nitrate of silver. 

The (finwfap&sp/iafr, IC^psO»lI“0, is prepared by digesting anhydrous cuprio 'di- 
metaphospnate with a solution of monosnlphide of potiiBsinm coutainine hut little 
Bulphydrate, and heating the liquid to die hoihng point. On adding a little alcohol to 
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the fflfa'ate, the dimetaphosphate separates in the form of a concentrated solution, which 
does not crystallise completely till after some time. The salt is soluhlo in 1'2 pts of 
■water either hot or cold ; the solution has a sahne, someirhat bitter taste. At 100° it 
gives off all its tvater 'without any molecular alteration of the residual salt, hut at a low 
red boat it is converted into monometaphosphate, which melts at an incipient white 
heat, and aolidifles in the crystalline form on rapid cooling (Fleitmann.) 

Mcta^hosfhatea of Potassium and Ammonium. — When 1 at. dimetaphosphate of 
potassium and 1 at. of the corresponding ammonium-salt are mixed and evaporated, 
the salt 2H'0 crystallises out first, afterwards a suit oontainiug more 

ammonia, viz, P’O’’’, which, if thoroughly pm-ifled, would probably exhibit 

tlie composition K(NH.'‘)“P'‘0'’. The first salt contains the same proportion of ery- 
stalhsaljon water as dimetaphospbate of potassium, and gives it all off at 160°. 
(Pleitmann.) 

$ Orthophosphates — The monopotassio or di-acid salt, KH’PO'*, le obtained by 
mixing potassio hydrate or carbonate, or either of the two following salts, with 
sufficient aqueous phosphoric aeid to produce a slight acid reaction On evaporating 
the solution, the salt is deposited in large regular dimetnc crystals, having a pure acid 
taste, easily soluble in water, but insoluble in alcohol It undergoes no alteration at 
200°, but at a low red heat it gives off its water, and is converted into meta- 
phosphute. 

The dipotassio or mono-aeid salt, K*BTO*, is produced by mixing aqueous phos- 
phoric acid -with a sufficient quantity of allcah or alialine carbonate to produce a slight 
alkaline reaction, and evaporating. It crystallises, according to Berzelius, m irregular 
forms; according to Graham it isunovystanisable. It is easily soluble in water, in- 
soluble in alcoliol, and is converted into pyrophosphate by ignition. 

The tnpotasm or muti ad salt, K“PO\ is prepared by igniting phosphoric acid or 
either of the preceding salts with the requisite (jnantifcy of potassic hydrate or carbonate. 
By solution and evaporation it may be crystalliaed m needles which are very soluhle in 
water, but not deliquescent. The dry salt is permanent in the air; the solution ab- 
sorbs carbonic arid (Graham). When strongly heated it melts to an enamel-like mass. 

Bari/to-pntassic phosphate — ^By igniting 1 at. barytic pyrophosphate, Ba'P^O’, ■with 1 
at potassio carbonate, a mass is obtained which, when washed ■with water, yields a 
solution containing potash and phosphoric acid, while the residue contains the salt 
Ba"KPO*i together ■with a large quantity of tnbnrytic phosphate. 

Oaloio-potaasio phosphate, Ca''KPO*, is formed by igniting together equivalent 
quantities of potassio carbonate and dicalcic phosphate. (H. Bose.) 

Maqncsw-potassic phosphate, Mg''KPO*, obtained m like manner, is sparingly 
soluble in water, and may be completely -waBhed ■with dilute aqueous ammonia. 
(H. Bose ) 

7 . Pyrophosphates of Potassium. — The dipotassio or acid salt, 
is prepared by dissolving the neutral salt in acetic acid, and adding alcohol ; it then 
separates as a syrup, which must bo ■washed several times with alcohol to remove 
the potassio acetate, and then dried over oil of vitriol. It is white, and very 
deliquescent. The aqueous solution is acid, and is not decomposed by boding. 
(Sohwarzenberg.) 

The teti apotassio or neutral salt, K'‘P^O’', is formed by the ignition of dipotassio 
orthophosphate , but the residue when dissolved m water taltes up basic water, and ia 
reconverted into orthophosphate. The neutral pyrophosphate may, however, bo 
obtained in a permanent state by treating an alcoholie solution of potadi with a slight) 
excess of oi-diiiary phosphoric acid, end nfterwaids adding alcohol till the hqmd 
becomes milky , in the course of 24 hours a dense acid syrup separates, which is a 
mixture of the di- and tetra-potassie orthophosphates. Tlio syrupy mixture is then 
evaporated to dryness ill a platinum dish and ignited, whereby a mixture is obtained 
consisting of pyrophosphate and metaphosphato of potassium, which can readily be 
separated, in consequence of tbe insolubibty of the latter salt in water Byrophoaphato 
of potassium, after ignition, forma a white fused mass, which deliquesces veiy iMpidly 
in the air; its aqueous solution has an alkaline reaction, and may be boiled without 
being ooiivei'ted into orthopliosphato. This change takes place, howev'pr, when the 
solution of the salt is boiled with caustie potash When a syrupy solution of pyro- 
phosphate of potassium is evaporated over oil of vitriol, it solidifies to a brilliant white 
mass q^usisting of SH^O. One atom of water is driven off below 100°, hut 

the salt is rendered anhydrous only at a temperature of 300°. (Seb warzenberg.) 

Ammomo-potassto pyrophosphaie, 2K®(NH'‘)HP“0’ H“0. — This salt remains when 
monopotassio pyrophosphate is saturated -with ammonia, and the concentrated solution 
is evaporated over a mixture of qnielclime and sal-ammoniac. It is white, deliquescent, 
and very soluble in water, forming on alkaline solution, ■which decomposes on boding, 
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■with evolution of ammonia, ultimately leaving nothing but monopoteasio pyrophosphate. 
(Sckwarzenberg.) 

Ohrmmco-poiassic fijr&phosphate — Chromic pyrophoaphnta dissolves in eseess of 
potaasic pyrophosphate, forming a green solution which is not precipitated hy sulphydrio 
acid or sulphide of ainmoniiiin 

Ckumco-pntasno ppophosplmte, 0u"K’P-0'.H.“0 CPorsoz).— Cupric pyrophosphate 
dissolves in excess of the potaasic salt, but the resulting double salt has not been 
obtained in the solid state, the solution when evaporated depositing cnprie pyrophos- 
phate. Persoz has, however, determined the composition of the dissolved salt hy 
miimg a titrated solution of cupric nitrate with a titrated solution of potassio pyro- 
phosphate till the precipitate which is formed at first redissolves. 

A piece of’iron imraerscd in the aqueous solution of the double salt becomes jiovered 
lu a few days with niieroscopic crystals of metallic copper ; in like manner zinc pre- 
cipitates the copper from this solution, hut slowly and imperfectly. 

Phoapba-te of Rhodium. Ehodic oxide, mixed with phosphoric acid and heated 
to redness, yields a brown mass, from which water removes the excess of acid, but at the 
same time takes up a portion of the salt, acquiring thereby a dark brown colour, 
changing to light yellow on dilution 

Phosphates of Silver, o Metaphosphates. — The dimetaphosphate, A.^^0^, 
is obtained by precipitating nitrate of silver with the comesponding sodium-salt, as a 
crystalline powder, or in small distinct crystals, according to the degree of concentration 
of the solution used It is slightly soluble in water, and melts when heated to a trans- 
parent glass, which is insoluble m water. 

The twneiaphosphaU, Ag’P’0”.H20, separates gradually from a moderately con- 
centrated mixture of silver nitrate with sodie trimetaphosphate, in crystals apparently 
monoolmic, soluble in 60 pts. of cold water, and separating unaltered on evaporating 
the solution acidulated with nitric acid. It gives off its water at 100° (not over oil of 
vitriol at ordinary temperntm-es), and when about half the water has gone off (about 
1^ per cent ) the remaining salt is soft, has an acid reaction, and perhaps consists of 
hexmetaphosphato. 

The trimetaphosphate has a great tendency to form double salts, so that the crystals 
obtained as above always contain a certain quantity of sodium-salt, luiless a large ex- 
cess of silver-nitrate has been used m preparing them 

Haometaphosphate, Ag“P“0'’, separates in shining crystals when oxide of silver is 
melted with excess of phosphoric acid and the mass is left to cool slowly. Pormed 
also by precipitating a solution of recently ignited metaphosphorio acid m ice-oold 
water with nitrate of silver. It is white, insoluble in water, becomes soft and semi- 
fluid at 102°, and melts to a transparent glass at a higher temperature. It is decom- 
posed by sulphide of sodium, yielding Graham’s debquesocnt metaphosphate of 
sodium. By prolonged boiling with water, it gives up part of its acid, and is con- 
verted. into a ropy mass, consisting, according to Berzebus, of 3Ag'0.2P^0*, or 
Ag^P'O'". 

^ Orthophosphates. — The di-argentio salt, Ag'HPO*, is produced hy dissolving 
the tri-argentic salt in phosphoric acid, or by mixing nitrate of silver -with a large 
excess of phosphoric acid and evaporating (Berzelius), and often separates on mixing 
a solution of the tri-argentic salt m phosplioBC acid with ether (Schwarzenherg). 
By_ evaporation of the acid solution, it is obtained in colourless crystalline lumiHEe It 
is immediately resolved by contact with water into the tri-argentio salt and free phos- 
phoric acid. 

The tn-argmtio salt, Ag’POh is obtained hy precipitating nitrate of silver with any 
alkaline orthophosphate. It is a lemon-yellow powder, the colour of which affords a 
characteristic test for orthophosphoric acid, the other two modificatious giving white 
precipitates (pp, 638, 639, 642) It is insoluble in water, but easily soluble in acids, even 
in acetic acid; also in aqueous ammonia, and is deposited on evaporating the ammoni- 
aoal solution in yellow ciystaUine groins. It is bhiekeiiod and decomposed by exposure 
t^i|ht, assumes a transient dark orange-red eoloim when heated, and melts at a strong 

y. Pyvop AospAafe, Ag<I»0’or2Ag*OI«0».— Pormed hy precipitating nitrate of 
silver with either acid or neutral pyrophosphate of sodium, the supernatant liquid 
being neutral in either case. It is a white powder, of specific gravity 6 306 at 76°, 
contains no water , fuses somewhat below a rod heat, without any decomposition, and 
forms a dark brown hqnid, wbieli on cooling solidifies to a white, radiated mass ; 
assumes a reddish colour on exposure to b'ght. When boiled wth ordinary phosphate 
of sodinm, it is immediately decomposed, yielding yellow fri-argentic phosphate and 
aqueous pyrophosphate of sodmm ; probably in tma manner . 

3AgT»0’ + 4Na»HPO* - 4Ag»PO' + Na<I«0' + 2N'a=ffFO’. 
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AccoTiliug to tills, the water shonld contain both mono- and di-sodie pjrophospliaTe, 
Pyrophosphato of silver dissolves readily in cold nitric aeid ; but wbeu boiled with 
either nitric or sulphiu'ic acid, it is converted into the orthophosphate, so that the so- 
lution gives u yellow precipitate on addition of ammonia. Aqneous hydrochloric acid 
converts it into chloride of silver and free phosphoiie acid. It dissolves with tolerable 
facility in ammonia, and is tlirown down unohangod by acids. It is insoluble iii 
acetic acid, and not altered by boiling with water (Stromeyer), insolnblo in 
solutions of the pyrophosphates, very slightly solnble in silver-nitrate. (Schwar- 
leuberg) 

S. Fleitmann and Senneherg'3 Sdver-phoaphatea — These salts ore obtained by 
precipitating the corresponding sodium-salts (p 637) with nitrate of silver. The salt 
Ag°P*0” or 3Ag“0 2P*P“ dissolves in a large excess of the aodium-salt , it is insoluble in 
water, but is decomposed by prolonged washing with water, phosphone acid dissolving 
out. It melts at a moderately high temperature. It is perhaps identical with the salt 
whichBerzeliusobtaincdbyprolongedboilingofdi-atgentiephosphatewithwater(p.676). 

The salt Ag‘®P‘“0“‘ or 6Ag“0.6P-0* is easily soluble m excess of the corresponding 
sodium-salt. 

Pbospbatea of Sodium, o. Metaphosphates, reUaPO” — Salts haring this 
composition obtained by ignition of diaodic pyrophosphate, Na^H®P’0', or mouosodic 
orthophosphate, NaH'PO*, or sodio-aminonic orthophosphate (mieroeosmxc salt), 
Na(li(H*)HPO*, and most advantageously from the last-mentioned, which is easily pre- 
pared pure. The resulting metaphosphates, as first shown by Graham, exhibit con- 
siderable diversity of character, according to the degi-ee of heat applied and the 
qniolaiess or slowness of the rate of cooling— differences which, as already observed, 
are atti'ibuted to polymeric modiftoations (p. 638), 

Monosodio pp'ophosphate and orthophosphate, when heated for some time to 200° 
—260°, give off nearly all their water of crystallisation, and the remaining salt, after 
being heated to about 315°, retains scarcely one-third per cent, water. If it be then 
treated with water after cooling, the greater part dissolves as pyrophosphate, while a 
small quantity of metapho&phate remains behind. After the salt has been heated more 
strongly and for some minutes to near redness, the residue is for tho most part inso- 
luble, and consists of mono-metaphosphate. When strongly ignited it melts, and 
after very slow cooling yields a crystallisable salt containing sodio tri-metaphoa- 
pliate ; by rapid cooling, on the other hand, it is converted into vitroous hexinota- 
phosphate. In like manner microoosmie salt, wlien exposed to a gradually 
increasing temperature, first gives off crystallisation-water and ammonia, leaving a 
very acid soluble' salt, consisting chiefly of disodio pyrophosphate, but on mereasuig 
tho heat, more water goes off, and there remains a metaphosphate which melts at a 
red heat. — Dimetaphosphata and totrametaphoaphate of sodium are obtained ftom the 
corresponding copper and lead-salts by double decomposition 

1. The •mnomeiaphosphate, 'NaPO®, obtained as above, or by fusing 2 pts. nitrate of 
sodium with 1 pt of syrupy phosphoric aeid at a strong heat, and washing out the 
product with cold water, is a dense white powder, nearly insoluble in water, even at 
the boiling heat, but easily dissolved by acids (Maddrell). By boiling with caustic 
alkalis it is slowly converted into orthophosphate. 

2 bimetaphosphato, Na*P*0‘ 2H.'‘0 — Obtained by digostiiig cupric dimetaphosphata 
(p. 660) with a warm solution of monosnlphide of sodium, filtering when the solution 
retains only a slight alkaline reaction, evaporating m contact with the am, dissolving 
the residue m water, and gradually addmg sn equal volume of alcohol of 80 per cent. 
It then separates in concentric groups of long needles. This salt dissolves in 7'2 
pts. water, either hot or cold, forming a neutral solution, which may bo kept for months 
without alteration in the cold, but is converted by prolonged boiling into orthophos- 
phate without passing through the intermediate stage of pyrophosphate It gives off 
all its water at 100° , the dry salt absorbs water from the air, and becomes hot when 
mixed with water. It separates imaltered from a solution in caustic soda on evapora- 
tion, and from solution in hydrochloric acid on addition of alcohol ; but when heated 
with acids, especially witfi strong sulphuric aeid, it yields orthopliosphorie ucid. 
(Fleitmann ) 

Sodio-ammomo Dmctaphosphaie, Na(NH‘)P*0*.ffO, erystallises on adding alcohol 
to a solution of the dimetaphosphates of sodium and ammonium m equivalent propor- 
tions The ciystala resemble those of the sodio-potassie salt, are leas soluble lu 
water tha» di-metaphosphiita of ammonium, but more soluble than the sodium-salt. 
It gives off Its water at 100°. (F leitmann.) 

Sodio-potassio dimetaphosphate, HaKP*0" H‘0, separates as a mystalline powder on 
mixing the concentrated solutions of the component salts m equivalent proportion , also 
on mixing the potiissuim-aalt mth chloride of sodium, or the sodium-siut with chloride 
of potassium Dilute solutions yield the double salt in lurgor crystals by spontaneous 
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fMipm'ntion. It dis'iolve? in 24 pts of cold water. Tlie cryitals do not giTe off all 
their water of evystalUBiitiou at 160'^ ; at liigUer tempemtures, the salt melts, and is 
converted on ■ i ■ . - ‘ liexmetaphosphate. (Fleitmann.) 

Socho-urger ' '■ . laratcs gradually from a solution of 

silver-nitrate ■ ■ i ■ . . t, in be.uitiinl, tr.insparent, monocli- 

nic crystals. When, on the eontriuy, an raeess of silvor-nitruto is used, smaller C17- 
stals me obtained consisting of pmo argentic dimetapbuspbato. (Fleitmann and 
niunieberg.) 

3 TnnmtaplwspJiate, of /hdium, Na'P’0",CH-0 or SNa’^O.SP-O'' 12If“0 (erystal- 
IisilIjIo metiipliosphnte), is formed by exposing microcosmio salt to a moderate beat 
(ttrii liiiiri), or by slow ooobng of the strongly bentej and fnsed salt (Fleitniann 
and Uenneberp) A considerable mass of the salt, left to cool very slowly, becomes 
beautifully erystiilline, and if then dissolved in a moderate quantity of warm water, 
yields a milky liquid, which separates on standing into two Inyera, tiie larger of which 
yields the crystalline salt on evaporation. The finest crystals are obtained by leaving 
the ooncontrated solution to evaporate in shallow vessels Tlie crystals are oblique 
rhombio prisms, having a cooling saline taste, soluble in 4 6 pts of cold water, 
sparingly soluble in aqueous alcohol, insoluble in absolute alcohol. The aqueous solu- 
tion is permanent in the cold, but turns acid on boiling, and is quickly converted into 
acid orthophosphate ; the same change is more ciuickly produced by dilute acids. The 
crystals do not melt in their water of orystaUisation when heated. At 100°, or in 
vacuo over oil of vitriol, they give off of tlioir water, the last portion being expelled 
only at a much higher temperature 

Trimetaphospbate of sodium forms soluble double salts with the two corresponding 
suits of tlie alkaliue earth-metals and the diatomic heavy metals, 

Snclio-bari/itc tnmetaphoapjiate, Na“Bi'P“0'".H’0, separates in stellate groups of 
crystals from a filtered solution of 1 pt chloride of banum and 2 to 3 pts. tnmeta- 
pliosphato of sodium, It is somewhat more soluble in water than the pure barium-salt 
(p Sfi3) The crystals give off 5 at. water at 100°, the rest without tiimofaotion at a 
stronger heat. The slightly ignited nnfused mass is insoluble in water, but becomes 
easily soluble after fusion 

4. Totrametapkosphttie of So^timi, lIa''P<0'’ with 3 or 4 at E*0, or 4Na*0 4P®0‘with 
6 or 8 at H**©. — This salt is prepared by digesting the corresponding lead-salt with 
monosiilpliide of sodium. The action takes ^ace quickly and with rise of temperature, 
the nuxtiire swelling up and sohdifying to a coherent elastic cake consisting of sodio 
tetiMuietaphosphate mixed with finely divided sulphide of lead, and the liquid 
remaiuiiig gummy oven when diluted with 100 times its bulk of water, so that it can 
searcely be filtered.^ By adding alcohol to the dilute solution, the salt is precipitated 
as a coloiu-less elastic ropy mass, like caoutchouc. The solution is neutral, and taes up 
by spontaneous evapointion to a transparent, fissured, non-hygroHOopio mass The 
salt molts when heated, and is converted into liexmetaphosphate of sodium. 

Tetrametaphosphate of sodium forms, with the salts of the alkaline earth-metals, 
inscilnhle elastic eomponnds, which by prolonged contact with water are converted into 
orthophosphates. (Fleitmann) „ 

Sodio-i'iipnc tetrametankoaphate, Nu‘Cu’P“0*‘, is obtained by mixing the dimeta- 
phosphates of copper and sodium, adding one-fourth as much free phosphoric acid as 
the two salts together contain, evaporating, and lieating the dry residue to 300°. 

Sodio-magmsw inetupJiospJiate, Na*Mg"f’'0'*— When phosphoric acid prepared 
ftoni hones and freed fiom lime and sulplinnc acid (p 580) is evaporated down, and 
then heated for some time to 310°, nietaphosphate of magnesium separates nut first, 
and then, after longer heating, the sodio-magiieaic salt, as a white powder, insohihle in 
water, hydrochloric acid and nitromnriatio acid, and soluble only in strong sulphurio 
add (M addreU)._ This salt has the composition of a di- or tetrametaphosphate, but 
the particular modifies tion to which it belongs is not exactly known 

When sulphate of coJialt is heated to 310° with impure phosphorio acid containing 
sodie ihetaphosphoto A double salt, conbiining Na^CoT'O’’, separates as a powder of 
a fine rose colour, insoluble in water and in acids, even in strong snlphniie acid A 
moX-ri-salt of amdogous composition is obtained in like manner as a' greenish powder, 
soluble only in strong sulpbiirie aeid 

6. Heunmiapliosphate of Bodmin, Na“P»0>“ or 61Ia*0.6P*0“ {ddiqueaceni or vttreoiia 
meiapJiosphate; Grab am’s metaphoaphate). This salt, obtained by rapid eoffbng of the 
molted mass (p, 677), forms an amorphous, eolonrlcss glass which quickly absorbs 
moisture from the air and deliquesces. It dissolves easily in water and m alcohol, 
forming slightly acid solutious. When dried in the air at 30°, it becomes viscid and 
dries up to a transparent gum. The salt dried in vacuo contains 1 at soda to more 
than 1 j at water (or 1 at, Na to at. H,), and it still retains 1 at, water after diying 
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at 100°, but is then cou verted into diaodic pyrophospbate, Na-H*P®0’. The aqueous 
solution does not undergo any change either in the cold or when boiled either alone or 
with caustic soda. (Graham.) 

Sodio-ammojm Hexmetajihosphate. — When the Bolution of the salt juet described is 
evaporated with sal-amniouiac and then niiied witli alcohol, this double salt separates 
as a syrup, which may be puritied by solution m water and repreeipitabou with 
alcohol. It ooutaiue soda and ammonia in proportions varying between 1 : 1 and 6 . 1. 
(Fleitmann.) 

$ Ort?iophospkaies of Sodtum.~Th.a monosodto salt, M'aH’PO^.ffO =. 


^^”q|p' 0“.2H’0, is obtained by mixing the solution of the disodie Balt with 
phosphoric acid till it no lonmr precipitates chlonde of calcium. The solution con- 
centrated and cooled deposits the salt in rather large crystals belonging to the trmietrio 
system. The more ordinary form has tho axes a : 6 ■ a = 0 9342 : 1 : 0-9673. Angle 
ooP ooP ~ 86° 6'; Peg Pco (basal) = 91° ,24'. The dominant combination is 
ooP . oP with the faces Pw , P, ooPoo , and others subordinate. Sometimes, however, 
the salt crystallises in another form, also trimetric and isomorplious with moiiosodio 
arsenate. Naff AsO' ff 0. In this form the axes a . 6 : a •= 0 8170 1 0 4988. 


76° 38'; coP: <»P = 78° 30';' Poo '-Poo (basal) = 63° 7', 2poo’, 2pco (basal) = 
83° 69'. Principal faces oaP, P, with Poo and 2poo subordinate. The salt is there- 


fore dimorphous (Kopp). By rapid crystaUisation of a strongly concentrated solu- 
tion, or from a solution of the disodio salt mixed with nitric acid, it separates in 
crystals. 


The crystallised salt has a specific gravity of 2 040. It giyes ofif aU its crystallisa- 
tion water at 100°, melts at 204°, giving off 1 at basic hydiogen, and being converted 
into pyrophosphate, and at 236° it gives off the last atom of hydrogen, leaving a 
residue of metaphosphate. It is easily solnhle in water, iupoluble in alcohol, The 
solution forms a yellow precipitate with silver-nitrate, hut the precipitation is not 
complete, as the nitric acid which is sot free holds a porhon of the silver phosphate m 


Dkodio OrthophospJtate or Monoaoid Phosphate of Sodium, Na*HPO‘ or | P'O’, 

also called ordmwry or neutral phosphate of soda, sal mirabtle perlaium . — ^This salt occurs 
in the blood, especially in that of poultry, and in urine. It is easily prepared by adding 
eiiustio soda or sodio carbonate to orthophosphorio acid till tho liquid becomes slightly 
alkaline. It is obtained m larger quantities from bonc-ph'osphq’ric acid, which for this 
purpose must be free from excess of sulphuric acid, hut may contain lime or magnesia ; 
3 pts. of burnt bones are digested for about 24 hours with 2 pts. Biilphurio acid and 
24 pts. water ; the resulting paste is washed with warm water, and the liquid is mixed 
with sufficient carbonate of sodium to produce a slight alkaline reaction The lime and 
magnesia are thereby precipitated as trimotallic ^ospUates, any araemoiis or arsenic 
acid that may be present being precipitated at the same time. The solution is then 
evaporated to the crystallising point, the more soluble foreign salts remaining in solu- 
tion, and the crystals of disodie orthophosphate which separate are piinfled by solution 
and reorystallisation. 


The crystals thus obtained contain 12 or 24 at. water = Na®HPO<.12ffO or 
^ff o' j 24ff0. They are monoclinio pnsms, having the axes a b' a ^ 0-6773 : 


1 : 0 8211. Angle of inclined axes =• 68°'S0' ooP ; ooP (orthod.) = 112° 10'; 
+ Poo : a = 70° 42'; + 2Poq - a = 37° 17' ; oP : ooP = 73° 3' Ordinary combination 
ooP . oP . + P . + 2Pcn , hke figure 296 (Cetstaijiosiiapht, ii 164). laomorphous 
with disodie arsenate, N.OTAsO^ 12ir''0. The crystals are larger and better developed 
when they contain a small quantity of sodic carbonate 


A solution of the salt left to evaporate at 33° deposits crystals containing Na®HPO\ 
7ffO or ®^j^|p^O“ 14ffO These crystals are monoelime, having tho axes a - b . o 


= 0 8271 -1:1 099. Angle of inclined axes = 83° 0. Angle ooP . ooP (orthod.) 
= 101° 14', (»P2 I»P2 (orthod.) = 62°; +Poo • o = 46° 27', oP ; mP = 
86° 34'. Combination toP . oP . t»Pm .rooPoo;j'. +P . — P . + Poo. Cleavage 
parallel to ccPco . Tho crystals are isomorphous with those of the corresponding sodio 
arsenate,Na’HAsO* 7ffO. They do not effloresce on exposure to the air. 

Tho crystals, Na'“HPOM2ffO, have a specific gravity of 1'626 (Schiff, Juhresb, 
1869, p. 16) , they melt m their water of crystallisation at 36°, and the salt after fusion 
and Mlidificatiou has a specific gravity of 1 586 at 8° The crystals expand in the ratio 
of 1 ' 1-001 between 0° and 20° , and of 1 1 006 between 0’ at 35°, at the moment, of 


p p 2 
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fusion the volume increases by 6 1 per ceiit.,ao that the volume of the liquid salt at 35“ 
is to the original volume at 0° as l‘O50 : 1 (H, Ecpp, Jaliresb, 1®55, p 45). The 
crystals, when exposed to the air at ordinary temperatures, effloresce without disinte- 
grating; at a gentle heat, even at 30° — 40°, and likewise in vacuo over oil of vitriol, 
they gradually give off all their water of crystulhsation, and the anhydrous salt, if ex- 
posed to moist air, graduaHy takes up 7 at. water. The specific gravity of the 
anhydrous salt, Na’HPO*, is 1‘619 (Schxff). When heated to redness it gives off its 
basic hydrogen and is reduced to neutral sodic pyrophosuhate 

The eiystids with 12 (or 24) at. water dissolve m 4 pfs. of cold and 2 pts. of hot 
water; a boiling saturated solution contains 112 pts. of the crystallised salt to 100 pts. 
Water, and boils at 106-8 (Liebig). According to Ferrein (.Tahresb, 1858, p. 117) 
1 pt. of the crystallised salt dissolves in 11 73 pts water at 13°, and the salt is soluble 
in almost all proportions of boiling water Aecordiug to Neese (Jaliresb 1863, 
p. 180), 1 pt of the salt dissolves m 6-7 pts water at 16°, in 5-8 pts. at 20°, and in 
3-2 pta. at 26°. The solution saturated at 16° does not deposit any orystals after 
standing for eighteen hours at 12° Hence Neeso regards Liebig’s statement regarding 
the solubility of the salt as more correct than that of Fcrrem, 'Wittsteiu (Arch Pharm. 
exv. 43) regards the latter as the more exact— The 7- or 14-hydriitcd salt Niv^HPOL 
7^0 or 2Na“O.H’'O.P^O* + 14 oq dissolves, accordij® to Neess, lu 8 pts. water at 23°. 
According to Poggialo (J. Pharm. [3] xJiv. 273, Jahresb. 1863, p. 181), 100 pts, 
water at various temperatures dissolve the followuig quantities of the salt dried 
ai 160° — 


40 . . . 30-88 100 

60 . . . 43-31 I 106-2 . 

According to Schiff (Ann. Cb. Pharm. CTiii. 326; 
densities of solutions of vanons strengths are as follows 
Porcontoge or No«HPO<.12H»0 

10-69 ’ 


NaSHPOid^Molved. 
66 29 

. . 68 72 

. . 8129 

. . 96 02 

. . 108-20 
. 114-43 

Jahiesb. 1868, p. 38) the 

Density of solution 
at 19°. 

. 1 0442 

. 1-0292 

1-0220 
. 1-0198 

. 1-0160 
1 0114 
1 0067 


Ordinary phosphate of sodium has a cooling saline taste, not so unpleasant as that of 
Glauber's salt, and is often used instead of the latter as a purgative The eommeroial 
salt frequently contains small quantities of sulphate and cluonde, also traces of arsenie 
derived fi-ora the sulphuric aeid used in its preparation from hones. ' 

Tnsodic orthophosphate, Na'PO' 12H*0 or 3Na'0.P^0*,24H*0.— This salt is ob- 
tained by mixing a solution of the preceding with caustic soda and evaporating to the 
crystallising point; or by igniting dry diaodie orthophosphate or pyrophosphate vnth 
the requisite quantity of sodie enrhonato, dissolvingthejaass in water, and crystaUismg. 
It may he purified by reciystallisation from 2 parts of bodiug watei- 

The crystals are thin six-sided prisms with truncated end-faces , .they have a speoiflb 
gravity of 1-618 (Sehiff); are permanent lu dry air; melt in then- water of crys- 
tallisation at 77° The s^t dried at 100° still retains I at. water (out of 24 at ), 
which it gives off only at a red heat. It does not melt oven at a full red heat, but attacks 
glass strongly at that temperature. The crystals dissolve in 6 pts. water at 16°. The 
densities of solutions of varions strengths are, according to Schiff (Ann. Ch. Phoi-io. 
cxiii. 183 ; Jahresb. 1869, p, 41), as follows : — 

sWl'IlVo. Decityofsolullon 


17 60 
11-00 
8 80 
4-40 


1-1036 
1-0812 
1 0496 
1-0393 
1-0193 


The solution when exposed to the air absorbs carbonic acid, which, as well ns other 
-weak acids, abstracts the third atom of base. Chtorme, bromine, and iodine likewise 
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act upon the tliird jtom of soda as on free soda. WIibu a neutral silver-solution is 
precipitated by ti'isodio phosphate, the liquid remains neutral. 

Pliosphaio-ftu^nde of Sodium, Na'PObNaP, is produced by fusing together 4 pts, of 
disodic pyrophosphate, 2^ pts sodie carbonate, -and 1 pt fluor-spar, asia digesting the 
fused mass ivitli warm water , also by digesting pulverised cryohte for several days witli 
a solution of ordinary phosphate of sodium and caustic soda, and leaving the solution to 
Cl aporate , or by mixing a solution of fluoride of sodium with ordinaiy phosphate and 
caustic soda Either of those solutions, after coueentration over the water-bath, 
deposits the phosphate-fluoride in hard, limpid, regular octahedrons modified with 
faces of the enho and rhombic dodecahedron. It has a speeiflc gravity of 2‘2165 at 
25°, dissolves in 8 31 pts water at 26° (the solution having a den.sity of 1'0329), and 
in 1'74 pts water at 70° (specific gravity of solution >» 1 001) The solution when 
boiled down deposits fluoride of sodium (Briegiob, Arm. Ch. Pharm. xcvii. 96; 
Jahresb. 1856, p. 338). 

Sodio-ammonio Grthopfmphafo, lTa(NH0HPO* 4B?0 or (ira‘)«0|P'0“.8H«0. 

Phosphorus salt, Mierocosmic salt, Sal urma nativim s. fustbile . — ^This salt oecura 
abundantly in human urine, at least after putrefaction, and may he prepared there- 
from, it IS found also mixed with the caibonutes and phosphates of calcium and 
magnesium in guano from Ichahoe j the aaltfrom this source is called stercorite 
by Hempath. It is formed on mixing disodic orthophosphate with phosphate of ammo- 
nium or other ammoumcal salt, or monosodic orthophosphate with ammonia, and may 
be easily prepared by dissolving 6 pts of ordinary ci^staUised disodic orthophosphate, 
and 2 jits phosphate of ammonium in a small quantity of hot water, and crystallising, 
or 8 to 7 pts of the ciystallised sodium-salt and 1 pt- sal-ammoniao in 2 pts. of boiling 
water, the sodio-ammonia salt then crystallises out on cooling, while chloride of 
sncUiim remains in solution . Na'HPO^ -i- NIl^Cl •= Na(NIB)EPO< + KaOl. It 
may he freed from ohlorido of sodium by reerystalksatwn from a small quantity of 
boiling water containing a little free ammonia. 

The crystals are monoolinic prisms, isomorphous with those of the corresponding 
arsenate. Axes a : 6 ; o = IS 3469 ; I r 0 8236. Angie of inclined axes = 80° 42' . 
«P ; ceP (orthod) = 141° 16'; -2P» :c = 60° 43', +2P« - a = 63° 61'; 
+ 4Pco • e = 41° S', oP coP = 86° 66'. Combination osP . oP . [ ooPoo I . — P . 
-2Pce . •t2P« . +4P«.. 

The crystals have a speeiflc gravity of 1-584 (Schiff). and a cooling saline, somewhat 
fljumumaeal taste , they dissolve easily m water, the solution giving oflP part of its ammonia 
on evaporation They effloresce on the surface when exposed to the am, and at a gentle 
heat give off their water and a portion of thmr atnmoimi. At a stronger heat the 
salt molts with strong intumescence, giving off all its water and ammonia, and leaving 
pure metaphosphate of sodium, which in the fused state easily dissolves metallic 
oxides, forming di- and tri-metallie phosphates, possessing in many oases very charac- 
teristio colours Ou acoouut of these reactions, the salt is much, used as a flux in 
blowpipe experiments. 

Uelsmann (Areh. Pharm. [3] leix 138, Jahresb. 1869, p. 76), in preparing 
sodio-ammouic phosphate, once obtained it in long efflorescent prisms containing 
Ila(NH')HPOb6H^O, but on dissolving them in water coutainmg ammonia, and re- 
crystalhsiug, oidinary mierocosmic salt with 4 at. water was obtained. 

Sodio-diammonio phosphato, Na(NH*)'‘P0b4H*0, separates in dazzliqg white pearly 
crystallme laminie on adding strong ammonia to a cold saturated aqueous solution of 
mierocosmic salt Ou exposiu-e to the air, it gives off nmmoma and is eonvorted into 
ordinary miocooosmio salt,--which also erystaUises out when a solution of die diammonio 
salt is left to evapoi-ate spontuneonsly. On one occasion the diammonio salt cry- 
stiilhsed with 6 at water, A solution of the diammonic salt in hot saturated aqueous 
ammonia yielded less lustrous crystals of a salt containing (liH^)*PO‘.Na(NII')'PO’. 
flffO. tUelsraann.) 

Sodio-baryiio Orthophosphate, lifaBa"PO‘. — ^Prepared by igniting 1 at diharytie 
orthophosphate with 1 at carbonate of sodium ; hut it is decomposed in great part by 
washing with water, the residue always containing a considerable quantity of tribary tic 
phosphate (H. Eose.) 

Sodio-hthic Orihuphosphate, (Li, N'a)*PO* — ^This double salt, which contains 
variable proportions of sodmm and hthium, the two metals replacing one another 
isomorphoiisly, is obtained by mixing a solution of ordinary pho.sph<ito of sodium 
with a lithmin-salt evaporating to dryness, and treating the residue with water, the 
double salt, which is very slightly stduble, then rom.uning behind It forme a white 
light powder like phosphate of calcium or magnesium, reqiurmg nearly 1400 pts of 
water at 16°, 1233 pts. at 60°, and 060 pts. at 100°, to dissolieit, in water eontainmg 
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phosphate of aodram it ia almost inaoluble. According to Bammelsberg, this salt 
generally contains from 9-9 to 16 3 per cent, bthium (22 to 34 per cent, litbia) , 
but accoi'ding to Presenius the salt obtained by eraporatmg the solution of a 
lithium-salt with phosphate of sodium, adding a quantity of soda sufficient to keep 
the liquid alkalme, and digesting the residue with aqueous ammonia, is pure trihthie 
phosphate, LiTO*, containing 18'9 per cent, lithium. (See L iihium, lii 728.) 

Sodto-wagnesio phosphate, NaMg"PO*, is obtained, mixed with a large quantity of 
trimagnoeio phosphate, by igniting dimagnesio phosphate with an equivalent quantity 
of some carbonate and washing out the soluble salts with water. 

Sodio-manganoso-fiane phosphate, (lSa“ , Mn")’POhI?e"'POh^H‘iO, is said to oeeur as 
a elove-brown minei^ at Limoges. (Handw. d Chein. vi. 374 ) 

Sodio-potassic orthophosphate, NaKHPO*.8H*0, is obtained by neutralising a solution 
of monosodic orthophosphate with carbonate of potassium or the monopotassic salt with 
carbonate of sodium, and evaporating. It then separates completely in raonoohnic 
crystals, in which a b - c = 0 8144 : 1 • 1‘1O60. Angle of molined axes =» 83° SSK; 
.ooP : ooP (orthod) = 101° 20'; ooP2 s ociP2 (orthod.) - 02° 46; -hPoo ; a = 
44° 68 ; oP oeP = 85° 69'. The crystals are usually tabular, from predominance 
of oP, but exhibit also the faces eoP, “Poo, [ooPoo] , -l-P, — P . +Pai. The 
salt IB easily soluble in water, gives off its water of crystallisation when moderately 
heated, and the basic water on ignition. 

y. pyrophosphates of Soditcm. — The dtsodie or aoid salt, Ha’H®P^0’, is 
formed by heating disodic orthophosphate with sh'oiig hydrochloric acid to 160" — 160°, 
or by exposing monosodic orthophosphate, NaH’PO''.H“0, to a heat of about 200° ; 
also by dissolving tetrasodio pjropbospbato in acetic acid and adding alcoliol, where- 
upon it separates us a white crystalline powder. Larger crystals may bo obtained by 
carefully pouring alcohol on the concentrated aqueous solution of the salt, so that the 
two hquida may not mix, and leaving the whole at rest 'I'he salt is easily soluble in 
water, and romams on evaporation as a friable crust (Schwarzeuberg) When 
heated for some tune to 220°, it loses half its basic hydrogen. (Pleitmann and 
Henneberg ) 

The ieirasodte or neutral pyrophosphate, Na‘P‘0' lOffO, is obtained by igniting 
disodio orthophosphate, and may be crystalliBed by solution in water and evaporation. 
'The crystals are monochmo prisms, permanent in the air, easily soluble in water, but 
less soluble thim the disodio orthophosphate The solution has an alkaline reaction, aud 
tile salt contained in it is not converted into orthophosphate by boiling per se, even for 
several days, but the conversion takes place easily on addition of nitric, hydioohlorio, 
or even acetic aeid The ciystaliiscd salt gives off all its water of crystallisation when 
gently heated in the air, or in a vacuum at ordmaiy_ temperatures, but the dehydrated 
salt when exposed to the unr gradually takes up again the same amount of water The 
diy salt melts at a high temperature, and solidifies on cooling to a colourless, opaque, 
vitreous mass, 

Tetrasodio pyrophosphate, being easily prepared in considerable qnantity, ismuch 
used for the preparation of insoluble pyrophosphates and soluble double pyiophosphates. 

Sodto-alicminio pyrophosphate — ^Tbo precipitate formed by sodio pyrophosphate m 
solutions of aluminium dissolves easily in excess of the sodiuni-sult (being thereby 
distingmshed from orthophosphate of aluminium), and the solution when evaporated 
becomes turbid at a certain concentration, depositing part of the alumime pyrophos- 
phate, whilst a salt richer in alkali remains in solution, and is not precipitated either 
by ammonia or by sulphide of ammonium. 

Sudio-ammomo pyrophosphate, 17a°(NH‘‘)®l?“0'.6H“0, is obtained by evaporating a 
solution of monosodic pyrophosphate'satnratod with ammonia over a mixture of sal- 
ammoniao and quickhme. It forms white monoclimc prisms easily soluble in water ; 
on boiling the solution, ammonia is given off and disodio pyrophosphate remams. 
(Schwarzenberg.) 

Sodio-antimomc pyrophosphate. — Monosodic pyrophosphate, boiled with recently 
precipitated antimomous ondo, dissolves a porfion of it, and the filtrate yields by 
evaporation a cauhflowcr-liko mass, which is decomposed by water, the greater part of 
the antimonious oxide then remammg imdissolved. 

Sodio-aurk pyrophosphate, 21ifa'‘P’0'.Au'P“0”.H’0. — Trichloride of gold dissolves 
in aqueous sodie pyrophosphate, and if the solution, which is coloimless after warming, 
be evaporated in a vessel in which it is protected from light and dust, oMoride of 
sodium and the excess of sodio pyrophosphate separate out, and the double salt remams 
as a syrupy solution, having, according to Persoz, the above composition. The solution 
has been used fur galvanic gildmg. 

&dio-iarytic pyrophosphate, 17aT>'0'.6Ba°P*0’.6I[»0.— This is said to be the com- 
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poaition of a double aalt produced as an amorphous precipitate, on dropping chloride 
of barium into a boding solution of sodic pyrophosphate 

Bodio-Usmuth-pp-opiosphate — Monosodio pyrophosphate dissolves a rather large 
quantity of bismuth-oxide Also when bismuth-nitrate is washed with excess of 
solution of sodic pyrophosphate, a soluble double salt is formed, whose solution becomes 
turbid when heated, but, according to Persoz, is not precipitated by sulphide of 

Sodio-oaicic pyrophosphate, Ka'Ca’T*0’ 4]I“0 (Baer). — ^This salt separates when a 
solution of chloride of calcium is dropt into excess of sodic pyrophosphate. 

Sodin-chwmio pyrophosphate.— Kiaowa only in solution, which resembles that of the 
potdssio-chromio salt (p 576). 

Sodio-cuhaltoiis pyrophosphate. — ^The precipitate formed by sodic pyrophosphate in 
the solution of a cobaltous salt dissolves in excess of the former, the solution turns 
blue when heated, and the cobalt is precipitated by sulphide of ammonium. 

Sodio-cuprio pyrophosphates —When a solution of sodic pyrophosphate is boiled with 
excess of recently precipitated cupric pyrophosphate, the hot filtered liqmd deposits a 


white orystalhne insoluble crust, consisting, after drying at 100° of Na''Cu"P''0“ 7H®0 
The supernatant liquid slowly evaporated over the water-bath yields a faintly hliush 
eryatalliuo eruet, also msoluhle in water, and consisting of 3Kd.-'Cu''P'0’ 2H20 (at ZOO®! 
The mother-liquor decanted therefrom and left to eiaporate spoutaiieously denosits 
first the excess of sodic pyrophosphate, then splendid blue crystals of’ the bsH- 
Na®Cu"P<0'h2H“0 (at 100°). Each of these three double salts melts at a rad heat 
(Fleitniami and Honneberg). Persoz, by a method not exactly described obtained 
the double salts Na'-Ca'P-O’ 6H-0 oiid Na“Cu"P^O'^ 6H^O, winch are the «vme a^tho 
second and thu’d of those above described, hut with larger quantities of water Persoz 
having analysed them m the air-dried state. ’ 

Sodio-fmiopyroph>sphaU, Na'Fe'P">0“.7H’''0 or 2NaT20’ Fe<P«0'*' 7H»0 sepa- 
rates in the pure slate when ferric pyi-opliosphate, after being washed with a quantity 
of sodic pyropliosphata not sufficient to dissolve it, is heated and the filtrate mixed 
with alcohol (Fleitmann and Henneberg). The same salt is obtained in solution 
when pyrophosphate of sodium is added to a feme solutiou till the precipitate at first 
formed is redissolved The double salt is white and very soluble m water The solu 
tion is colourless, and does not taste hke iron-salts in general. Ammonia colours it 
blood-red, hut does not render it turbid , snlphydric acid colours it browu without 
forming a precipitate , sulphide of ammonium precipitates sidpliide of iron from it ira 
mediately according to H. Rose, giadnally according to Persoz. The solution evapo- 
rated to a syrup soon deposits feme pyrophosphate ^ 

Sodio-feirous pyiophosphate is known only in solution, as obtained by mixiug a 
feiTous salt with excess of sodic pyrophosphate. It oxidises quickly on exiiosure to 
tlie air, and the iron is completely precipitated from it by sulphide of ammonium 

Sod - --. s an amorphous precipitate formed on di'opping sul- 
phate I ■ solution of sodie pyrophosphate (Baer.) 

Sodio-amnwmo-manganoua pyrophosphate, Na(NH^)Mn''PO’.3H'0 according to 


solution of sodic pyrophosphate, as a white amorphous precipitate which soon becomes 
crystalline. When somewhat strongly heated, it giies off all its ammonia and leaves 
a somifused mass having an acid reaction (Otto ) 

Sodto-plumho pyrophosphate, granular Insoluble precipitate 

formed by adding sodic pyrophosphate to mtrate-of lead, and boiling the residting pre’ 
eipitate with excess of the sodium-salt (Gerhardt), The salt formed on 5owly 
adding nitrate of lead to excess of sodic pyrophosphate till the proeipiLato becomes per- ' 
raanent, also contains sodium but in variable quantity ^ 

Sodio-potassi . - 12H“0, IS obtained by satiiriiLiiig monosodio 

pyi'ophosphate , . "'he solution eiaporated to a syrup solidifies 

on cooling to a pasty mass, consisting of transparent, slender needles, having the form 
of an oblique rhombic prism The salt dissolves easily in water, forming an alkalino 
solution (Schwarzeiiherg.) 

5 Respecting Fleitnmnn and Henneherg's phosphates of sodium NaT'O'® or 
Na»PO;3NaPO= and Na'“P">0»‘ = Na»PO* 9NaI'0», seo pp 637, 638 
Phosphates of Strontium, a A/etapAoiyiiaiie — The .salt prepared by dis- 
solving carbonate of strontium in phosphoric acid, and he.iting the eiaporsted residue 
to 310°, is a white powder, insolnble in water and in dilute aeids, decomposed by 


13. Orthophosphates — The saff. Si “iI'‘P*0“, ohUiiicd by preeipit.ition 
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is a ■white, amorphous, tasteless powder, insoluble in pure water, hut soluble in water 
containing ommoniaed suits or tree acids , notdecomposed by aqueous alkalis, Wbeu 
heated before the blo-wpipe it melts to a -white enamel, exhibiting phosphorescence A 
solution of chloride of atrontium incompletely precipitated in the cold with an alkaline 
phosphate yields, according to Kuhn, a mixture of distrontic and monosti’ontic salt 

Strontio-fotaaaic ort/tephosphaie, Sr"KPO<, and atrontio-aodio oHhopJioaphate, 
Sr"NaPO', are formed, according to Eose.bj ignition lat pyrophosphate of strontium 
■with 1 at. carbonate of potassium or sodium, and -washing out the mass with water, but 
the double gaits are for the most part decomposed by the water, tlie residue always 
containing neutral phosphate of strontium. 

7. Fprophoaphate, (at 100°) — Obiained by precipitation as a white, 

amoiphons powder, which gradually becomes ciystaUine when warmed in the hqnid. 
It is nearly insoluble in water, quite insoluble in acetic acid, but easily soluble in the 
stronger acids. It gives off its water when heated a()OVe 100° (Schwarzenberg). 
The precipitate formed on gradinally adding nitrate of strontium to a boding solution 
of sodie pyxoplicspbato, appears to be a mixture of the pure strontium-sSt -with a 
double salt. (Baer.) 

Pboaphata-tantallo Aotd. A solution of tantalio acid in sulphuric or hydro- 
chloric aad yields, with strong afiueons phosphonc acid, a white, opaque jelly. Tan- 
tahe oxide heated with phosphoric oxide foi-ms a colourless glass. 

Pboaptaate of Tellurium is a white powder, insoluble in water. (Berzelius.) 

Pboapbate of Tballlum. A hot solution of nitrate of thaUium, mixed -with 
excess of phosphoric acid and then with ammonia, forms a orystalhne precipitate, 
probably consisting of tnthalbc phoapliate, Tl'BO-', inasmuch us, when boiled with nitrate 
of silver, it yields yellow phosphate of silver, without rendering the solution acid. 
1 pt. of this salt dissolves in 201 2 pts of water at 15° and in 149 pts. at 100°. It 
is sparingly soluble in acetic acid, but dissolves cosily m nitnc acid. Wheii heated it 
melts to a brown liquid, which becomes orsnge-yeUow on cooling, and finally solidifles 
to a white erystalluie mass (Crooko's, Chem 9oc. J. ivii. 135 , Chem News, ix. 37). 
Lamy (Jahresb, 1862, p. 186), who probably obtained an acid phosphate of thalhum, 
states that it is soluble » water and crystaihses from a dilute solution. 

PhospUate of Thorlnuu*. Ploceulent precipitate, forming a white powder when 
dry, insoluble in water and in phosphoric acid, melting with difficulty before the blow- 
pipe. (Berzelius.) 

Pbospliates of Tltii Stannio oxtdc forms -with oicess of phosphoric acid a salt 
containing 2SiiOhP''O".10H*O (Haeffoly, Phil. Mag [4] i. 290). Stannio phosphate 
is insoluble in nitric acid, a property on which is founded Eeynoso’s method of 
eeparating phosphoric arid from bases (p. 644) 

Stannous ploapTiate, sSnOJ’O' or Sn*P*0", according to Kuhn, is formed on mixing 
stannous ehloride -with ordinary phosphate of sodium, as a white precipitate, insoluble 
in water after drying, but easily soluble in mineral acids, and melting to a vitreoua 
mass before the blowpipe. According to lensscn (Ann. Oh. Pharm. cxiv. 113; 
Jahresb. 1860, p. 183), the composition of tho precipitate varies with the proportion 
in which the solutions are mixed. 'When a solution of disodio orthophosphate 
acidulated with acetic acid is added to a large excess of concentrated solution of 
stannous chloride, a precipitate is formed containing, when air-dried, Sn‘P®0",Sn"CP. 
2H“0, and not decomposed by hot watci' ; but when the phosphate of sodium is in 
excess, the air-dried precipitate eontoips Sn*PW.S'n"B?P*0“ 3H'0. This salt remains 
unaltered at 100°, hut is decomposed at a red heat, yielding metalho tin, stannio 
oxide, and phosphone acid. 

Pbospbate of TUanlmn. Tetrachloride of titanium forms -with phosphoric 
acid a white, bulky, flocculent precipitate, which dries up to a gummy shining mass, 
insoluble in water, but soluble m excess either of phosphoric acid or of titanic 
chloride. 

Pbospbates of TTranlmn. a. ZT'ranic Of fSopfrosyjJnfsc.—The composition 
of these phosphates, as of other uranic salts, is most easily represented by regarding 
them as eontaimng the diatomic radicle uranyl, U^O’. (See Uniinmi.) 

The ’monowanylus salt, (TJ’0“)"H*I“0“.3H®0, is obtained by digesting nranie oxide 
with phosphoric acid and boiling the mass -with water The yeUow liquid thus 
obtained yields, by evaporation over sulphuric acid, lemon-yellow crystals, which give 
off part of their water at a gentle heat, becoming duU and light-yellow; the rest of 
the water goes off at 0 red heat, and the remainmg dry salt docs not melt even when 



PHOSPHATES OF URANIUM. 585- 

■very strongly tented. Water, especially if hot, abstracts part of the phosphoric 

The di-manylic salt, is obtained in combination with various 

quantities of water according to the mode of preparation adopted, "When nranie oxide 
is digested with a sufficient qu.intity of phosphoric acid, and the product washed with 
water, a tri-liydrute, (TJ''0'‘/fl'P-0>.3H^0, remains as a light yellow amorphous 
powder, which gives off its water of crystallisation between 120® and 170°, and the 
basic water at a red heat, leavuig the pyrophosphate (Xf‘0*)®P'0’ A h exhydrate, 
(XI20WffP'‘0*.6H“0, is obtained by precipitating uranic nitrate with ordinary 
phosphate of sodium. The precipitate, after washing and drying, is a light yellow 
slightly orystnllino powder, which gives off its water of erystalhsation at 120°, the 
basic water at a red heat The oetohydrate, (U’0^)'iH“P*0* 8H*0, is obtained by 
adding pliosphorio acid to uranic acetate as long us a preciptato forms. This precipi- 
tate, when washed, is crystalhno, and somewhat darker-coloured than the trihydrate 
It gives off 2 at, water at 60°, and then exhibits all tba pioperties of the hexhydrate 

The tn-wanyho salt, or neutral uranic phosfhate, 3TPO“ P=0“ or (l!«0“)»P=0“, has 
not been obtained in the pure state. The light yellow precipitate formed on mixing 
uranic nitrate with an equivalent quantity of trisodie phosphate appears to consist of 
6U“0^H=0 2P»0« + aq. or (t!»0’‘)W» (TJW)«»P=0" H*0. When a larger quantity 
of trisodie phosphate is added, but not sufficient to redissolve the precipitate, a double 
salt is formed containing 1 2P»0».3ff0 or (U'0»)»P^0».(TO«)WP>0» 3ffO. 
This salt is a dark yellow coherent powder, insoluble in water, decomposed by ticelio 
acid, which dissolves out soda and uranic oxide. (Werther, Ann. Oh. Pharm. 
Ixvui, 312.) 

Cakio-uramo Fhosphate, PWSH'O or (■(}«070a"PW8H’0.— This com- 

pound occurs native as uranite ^also called hme uramie and uramtm mica) in di- 
metno crystals, having the principal axis = 2'1I6 , P : P (terminal) = 05°, 46'; 

P P (basal) = 143° 2'. Ordinary combination, oP . P . coP, the face oP being 
mostly predominant, and giving the crystals a tabular form Cleavage perfect 
parallel to oP. Hardness = 2 to 2 6 Specific gravity ■=. 3-06 to 3'19. Colour 
citron to sulphur-yellow Lustre of oP pearly, of other faces suhadamantine. Trans- 
parent to subtransluoent. Practnre not observable Sectile. Lamime brittle and 
not flexible. Before the blowpipe it melts to a blackish somi-crystalhne mass. 
Dissolves with yellow colour in nitric iicid. 

The flrst of the following analyses is of nramte from Antun by Berzelius (Pogg. 
Ann 1 874); the second by Werther [too cit ). 

P20» Ca"0 Ba"OMg"OaDd]Vrn"OH*0 SnO« 

ia'20 61 73 6 88 1 67 0 20 16 48 0'06 - 100-12 

14 00 63 28 6 86 1-03 . . 14 30 . . = 98'47 

The formula above given requires 16 66 P^O*, 62-66 tl-'O’, 6 13 Ca"0, and 16-78 

Uranite oeoui-sin the Sieheiigehirge; at JohangeorgenstadtandEibonstoekin Saxony; 
on Wolf Island, Lake Onega, Russia; near Limoges and at St, Symphonen near 
Autun , also at Chesterfield, Massachusetts ; Aekworth, New Hampshire ; and on the 
Bchuykell near Philadelphia. 

Oup'ico-uramo Fhosphate, |p»0‘.8H*0 w ('G“0»)WP»0».8H*0.— This com- 

pound occurs native as chalcolite (also called oopper-uramte and turbento], a 
mineral iaomorphous with ui-anite. Hardness =■ 2-26. Specific gravity 3 6 to 3 6. 
Colour emerald and other sliades of green Streak somewhat paler The other 
physical properties are like those of uranite. Before the blowpipe it melts to a black 
taasa, colouring the flame hluish-green. Gives with borax a green glass, sometimes 
becoming reddish-brown in the reduction-flume. Dissolves in nitric acid with 
yellowish-green colour 

Analyses of chalcolite from Cornwall; 

P«0» U’0» Ca"0 H»0 

16 57 61 39 8-44 16-06 = 100-46 Berzelius. 

, 14 34 ^ 69 03 8 27 16 39 = 97-03 Werther. 

The formula requires 16 16 P^O‘, 61-00 U*0”, 8-48 Cu"0, and 16-36 water. 

Chalcolite isfound at GunnisLake near Callmgton, also near Redruth, and elsewhere 
in Cornwall; at Johangeorgenshidt, Eibenstock, and Schneeberg in Saxony; at 
Joaehiinsthid and Ziuuwiild in Bohemia , and at Viclsalm in Belgium. 
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Deliray (Jahresb. 1800, p. 73) bas obtained crystals having the. form ami compo- 
Bition of cbaleohte, by mixing a solution of acid cupric pboapbato with uranic nitrate. 

/3. TJranous OrfAojpAosp/iaie, tr"ItPO'‘ ffO.— Ordinary phosphate of sodium 
added by drops to uranous chloride forms a green gelatinous precipitate, insoluble in 
■water. 'When recently precipitated it dissolves in strong hydrochloric acid, and is 
sepai’ated therefrom by water , after drying it no longer dissolves in acids. Ammonia 
has scarcely any action upon it; melting potash withdraws almost all the phosphoric 

7. TTranio Pi/rophoaphateiagcamUsx when recently precipitated, but cakes 
together if left on 'the filter for a few days, forming a very friable muss with conehonW 
fractm’e. 

Sodio-itramo Py r op hasp A ate , — ^Precipitated uranic pyrophosphate dissolves in 
excess of sodie pyrophosphate, forming a yellow solution, which yields no crystals even 
when evaporated to a syrup , the uranium is not precipitated from it either by sulphy. 
drio acid or by sulphido of ammomum. 

Pbospbates of Vanadium. Vanadic dioxide dissolves in aqueous phosphoric 
acid, fomiing a blue solution, whidi when evaporated at temperatures below 60^ yields 
small blue dehquescent ci-ystals. easily soluble in water, insoluble m alcohol. When 
heated they give off water, leaving a loose spongy mass resembling burnt alum, and 
calong together at a white heat to a black substauea no longer soluble m water 

Phosphato-vanacho aoid — Vanadio anhydride (trioiide) dissolves in aqueous phos- 
phoric acid, forming a red solution, which when evaporated leaves a red delique.scent 
saline mass. Vanadic phosphate heated with a suffleient quantity of nitric acid forma 
a rod solution, which deposits on evaporation a lemon-yellow orystalliuo crust, soluble 
with yellow colour in water. The crystals when heated give off water and turu 
light yellow. A solution of vanadic phosphate and sodie pbospliate in mtrio acid 
becomes colourless when evaporated, and deposits yellow crystalline grains which 
dissolve slowly m water, forming a yellow solution which dries up on evaporation to a 
yellow voi'insh-like mass. 

A oonipomid of phosphoric, vanadio, and silioio anhydrides containing, according to 
Boraelms, SSiO* 2Va0''.2P*0*.6H.*0, was obtained from the refinery slag of the Taberg 
iron works It may bo produced by dissolving silicate, vanadate, and phosphate of 
sodium m nitric tioid, evaporating to a pulp, and washing with cold water. It then 
remains in nacreous scales, which when heated give off water and acquire a straw- 
yellow colour. It is easily soluble m water, whence it crystaUisos unaltered on evapo 
ration. The solution is coloured green by mtrio peroxide and other reducing agents, 
and yields ■with carbonate of a mm omum a precipitate of gelatmous silica, 

Fbospbate of Yttrium. Y“5E”0“.6H®0 = 3Y"0 P-0“ 6H*0. — Disodic orthophos- 
phate added to the solution of an yttrium-salt throws down an amorphous pro* 
cipitate, which by prolonged washing -with water is resolved into a soluble acid salt, 
and an insoluble neutral salt having the composition just given. (Popp, Jahresb. 
xvn. 204 ) 

Tn-yttric phosphate likewise occurs, together with oerous phosphate, as xenotime, 
in dimetrio crystals P . qoP, having the principal axis = 0 6201 ; angle P . P (teimi- 
nal) =. 124° 26' , P • P (basal) = 82° 30'. Oleavugo perfect, parallel to oaP, Hard! 
ness = 4 to 6 Specific gravity = 4’39 to 4'fi6. Lustre resinous. Colour yellowish 
brown to flesh-red. Streak paler Opaque. Practare imeven and sphntery. It is 
infusible before the blowpipe, -with borax it slowly forma a clear glass, which, with a 
larger quantity of the mineral, becomes turbid on coobug , m microcosmio salt it 
dissolves very slowly. It is insoluble even in strong acids. 

Analyees. — a. Prom the Plekkef)ord in Norway specific gra-vity 4'657 (Berzelius, 
Fogg. Ann. in. 203). — b Prom the same loe.ility, specific gravity 4 45 (Zschaw, 
Sammelsber^s MineraloheTide, p. 321). — c. From the gold-washings at Clarksville, 
Oeorgia: specific gravity = 4 64 (Smith, Sill. Am. J. xyiu 377) ; 

P’-O* Y"0 Oe"0 Pe'0» SiO» 

a. 33-49* 62 68 . . 3-93 . . = 100 

b. 30 74 60-26 7-08 . , . . = 98'97 

0 32 46 6413 11 03t 2 06 0’89 = 100'66 

Castelnaudite, occurring in crystals (apparently dimotrio) and grains, in (jbe diamond 
sand of Bahia, consists mainly of phosphate of yttrium. Damour (Iiistitiit. xxi 78) 
found in a sample having a specific gravity of 4 30, 31 64 per cent. P»0*, 60 40 yttria, 
7 4 titanic oxide and zuconia, 1 2 uranic and ferric oxides. 




With lanthanum and cUdymium. 
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Fbosphates of Zinc. a. Metaphosphates. — ^Wlion a ziuc-salt is treated witli 
plio&plioi'ic floid lu the same manner as for the preparation of oiiprie di-metaphosphato 
(p 560), the muss on slow cooling yields mdiatinet crystals of lano-dimetuphosphate, 
It is insoluble in ■water, and is not decomposed by dilute aqueous acids or 
alkalis, or by sulphide of ammonium A¥]ieu treated with' strong sulphuric acid or 
fhsed with an alkaline carbonate, it yields orthophosphone acid. 

A mixture of aqueous zinc-ohloride and ammonium-diraetaphosphate yields the 
hydrated salt Zn-'P'O'tSH'^O in small transparent crystals, insoluble in water, but 
decomposed by boiling therewith. The water of crystallisation is not completely- 
expelled below a red heat, and the salt does not melt even at a bright rod heat the 
constitution of the salt does not appear to be altered by heating (Pleitmann.) 

;3. Orthophosphates . — ^The monozmoui or add phosphate is formed by dissolving 
zine, or the oarbon.ite or phosphate of zinc in excess of phosphoric acid and evaporating. 
It IS a gummy mass which mells in the fire to a transparent glass. When a small 
quantity of alkali is added to its aqueous solution, the neutral salt is deposited. 
(Wenzel.) 

The dtmnm salt, | P“0*.331’0 or Zn'H'fO'.ilH'O, is deposited in shining 

laminae on mixing a solution of 3 pts of zinc-siilphate in 32 pta. of hot -water, -with a 
solution of 4 pts. of orystaUised daaodie orthophosphate in 32 pts of hot water The 
orj’stals do not lose water at 100*=; but at a temperature below the melting point of tin 
they give off 2 at water, retaining their lustre ; ata rod heat the dehydrated salt fuses 
and gives off its basic water (Graham) „ 

The tnsinaic or neutral salt, 3Zn0.E“0’.2H.*0 or Za*P’0“ 2E®0, is precipitated on 
mixing a solution of a zine-salt -with disodic orthophosphate, the suparnataut hqnid 
becoming acid. When the solutions aro dilute and mixed in the cold, a translucent 
jelly IS at first produced, this, however, soon becomes opaque, and aggregates into a 
fine white crystallme powder. If the solutions are mixed boiling hot, no jelly is 
produced, but the pulverulent precipitate is formed at once and has the same composi- . 
tioii The same compound is doubtless formed on digesting carbonate of zinc with 
aqueous phosphono acid not in excess. It is a white, crystallme, tasteless powder 
winch molts easily, forming a transparent and colourless glass. It is insoluble in 
■water, soluble in uoids, likewise m ammonia and in carbonate, sidphate, chloride and 
nitrate of ammonium — in the last three, however, with slight turbidity. 

The same salt with 6 at. water separates in large flat prisms and laminse when a 
solution of the acid ziue-salt is mixed with absolute alcohol (Eeynoso.) 

Phosphate of Zinc and Ammmtmn — ^When a solution of sulphate or chloride of zinc 
IS precipitated with phosphate of ammonium containing free ammonia, a white, bulky, 
floceulont precipitate is formed wliieh, when digested in the liquid, becomes orystiillinB 
lifter the free ammonia has escaped. The dry salt is a white powder, inaoluhlo in 
water, but soluble in acids and in free potash, soda, or ammonia Its composition 
appears to be intermediate between Zu«(NH<)=iP*0’.2H‘0 andZn»(NH-')''P''Os.Zn''H''0». 
2H“0. (Bette, Ann Oh Pharm xv. 129 ) 

7 Piji ophos'phate of Zino is formed by precipitating a zine-salt with pyro- 
phosphate of sodium. The precipitate is decomposed by boiBng with ordinary phos- 
phate of sodium, yielding ordinary orthophosphate of zinc and pyrophosphate of 
sodium (Stromeyer). The salt precipitated as above forms a white bulky mass, 
whieli in drying slu-iiiks up like hydrate of alumimum. If it be suspended in water, 
and sulphurous acid gas passed through the liqmd, the whole dissolves, and the solu- 
tion, when boiled, yields the salt in the form of a heavy, white, beautifully cryslaUine 
powder consisting of 2Zn’P‘0’ 3H-0. Botii the amorphous and the crystaUiiie salt 
dissolve in acids and in eaustie potash , ammonia likewise dissolves the salt, and 
alcohol added to the solution throws down a syrupy mass. (Sehwarzenberg ) 

Zmco-ammonio pyrophosphate is obtained as a white pulverulent precipitate, on 
adding pyrophosphate of sodium to a solution of zinc-chloride mixed -with ammomu and 
snl-ammomao. (Bette.) 

Phosphate of Zirconium, 3Zr0’T®0“ or (Zr''0)*P®0*, is precipitated on mixing 
a soluble zu’conium-salt -with free phospborie acid or an allialine phosphate ; in the 
former case part of the salt remains in solution, but maybe precipitated on addition of 
ammonia. The precipitate is a gummy, translncent mass, hke hydrate of aluminium, 
remaining translucent when dry. It is msoluWe in water, somewhat soluble in free 
phosphoric acid. 
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Alcohohc Phosphates : Phosphorio Ethers. 


(PO")-) 
(C*H'>) l0«. 
H> 3 


Each of the three hydrogen-atoms in orthopliosphono acid may he replaced hy alco- 
hoi radicles, giving rise to acid and neutral ethers anaiogous to the metalho phosphates, 
There are also several svdphophosphorie ethers, having the composition of orthophos- 
phorio ethers, m which the oxygen is more or less replaced by sulphur. A neutral 
pyrophosphate of ethyl is also known, hut no metaphosphonc ethers have yet been 
obtained. In connection with these alcoholic phosphates may also be mentioned an 
acid consisting of phosphorio acid in which the hydrogen is partly replaced by 

Phospbates of Amyl or Amyl-phospboric Ethers, Two of these com- 
pounds arc known, viz. mono- and di-amylphosphoric acid , the neutral ether has 
not been obtained. 

I, Amylphosphorte aoiA, CWPO* = (C*H'')HT’0* 

(Guthrie, Chem. Soc. Qu. J. ix. 134.) — This ether is prepared by mixing equal 
weights of syrupy phosphoric acid and amyhc alcohol, leavmg the mistwe in a worm 
plnoe for a day, neutrahsiiig with carbonate of potassium, evaporating over the water- 
bath to dryness, dissolving in strong alcohol, and evaporating repeatedly (whereby the 
potassium-salt is obtamed), tlien precipitatbg bjy acetate of lead, filtering and washing 
(whereby the lead-salt is obtained), precipitating the load by sulphydric acid, then 
filtering, and evaporating in vacuo. 

It is a colourless, transparent, crystalline, deliquescent mass, easily soluble in water 
and in alcohol, hut lusoluhle m ether. It bears the heat of a water-bath without de- 
composition. When heated m the flame of a lamp it burns with a white flame, 
leaving a residue of phospliorio acid. It is a strong acid, and decomposes carbonates. 

The amylphospliates, C’H"]VPPO', are all.anhydrous at 100°' those of tlio 
alkah-metala are soluble in water ; the rest axe insoluble or sparingly soluble, and may 
be prepared from the potassium-salt by double decomposition. They all dissolve 
readily in nitric or hydrochlorio acid, and hear the heat of the water-bath without 
decomposition. 

’Pha poiasaiim-saU, OH’'KT’0^ prepared as above, is tenacious, finely crystalline, 
translucent, and deliquescent ; luelds amyl-alcohol when heated in a tube. A solution 
of this salt subjected to electrolysis yields at the positive pole, carbonic anhydride and 
oxygen, and an acid hqnid emclliDg of valeric or butyric acid, while the liquid at the 
negative pole gives off hydrogen, but remains odourless, showing that no amyl- 
compound is there eliminated 

Tile amrwmum-sttlt, 0‘H‘‘(NH*)’P0*, obtained by direct neutralisation, or by de- 
composing the copper- or lead-salt with aulpUide of ammonium, resembles the 
potassium-salt. 

The hantmrsalt, C‘H''Ba''PO‘, is precipitated in white eoales having a silky 
lustre. 

The lead-salt, C’H“Pb'PO^ dried ut 100°, is a bulky white anhydrous powder. 

Hhe ao^er-s(dt, 0‘H‘'0u"P0'‘, is almost white when firat precipitated, but gradually 
turns bluish, and in the dry state forms a light blue amoiphous powder. 

The selver-salt, 0*lI"Ag-P0^, is a white bulicy precipitate, which turns grey on ex- 
posure to light, and is decomposed by long boiling with water, yielding metalHo silver. 

When heated on platmum-foil, it turns yellow and leaves pyrophosphate of silver. 

% Piamyl-phosphorie aoid, C'l’H^PO* = (C“H'‘)‘'HPO* = 


(Pehling, Handw. d. Chem. i. 793)— This compound is prepared by adding 1 pt. 
pentachlorido of phosphorus very gradually to 1^ or 2 pts of aroyho alcohol, rise 
of temperature being checked The product is heated iu a retort to expel the 
simultaneously formed chloride of amyl and hydrochloric acid, then thrown into water 
satmated with carbonate of sodium, and shaken with ether ; the ethereal solution of 
amylio alcohol is romoved, amd the diamyl-phosphonc acid isolated by adding hydro- 
chloric acid. The acid so formed contams two aditional atoms of water, which are 
removed by drying over sulphuric acid m vacuo. 

Eiamylphosphonc acid is an oily liquid of specific gravity 1'026 at 20°, bpt floating 
in 'hot water. It is nearly inodorous, but has a strong acid taste. It is nearly inso- 
luble in water, but dissolves easily in alcohol and ether. It is permanent at ordinary 
temperatures, but decomposes when diatilleA yielding amylio alcohol. When boiled 
with water it also yields amyhc alcohol, and the residual liquid probably contains 
mono-amyJphosphoi'ic iicid. 
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Diamylpliosphca'ic acid ia a strong acid, and saturates bases completely The 
diamylpbosphates, (G‘H"yMPO^ and are all anhydrous, and aro 

decomposed by boiling mtb water, giving off amyl-alcoliol, and apparently bein» con- 
verted into mono-amylphospbates. The di-amylphosphates of the alkali-metala are 
very soluble in water, and remain as imcrystalliBahlo unctuous musses when thetr 
solutions are evaporated , tlioso of the alkaline earth-metals are hut slightly soluble m 
water, more soluble ni alcohol. The aqueous solutions give precipitates with plumbic, 
cupric, manganous, mercurous salts, &e. The following salts have been examined by 
Marx and Lemppenaii. 

The harium-salt, (C‘H")WP“0*, obtained by digesting the aqueous acid with 
carbonate of barium, and evaporating in vaeiio orat a gentle heal^ forms silky, asbestos- 
like masses of crystals — The cdlcium-mU, prepared m like manner, is also crystalline. 
— The copper-salt is a greonish-blue precipitate, soft and unctuous when dried. — ^Tho' 
ferrio salt, (C‘H'‘)“Fe"'P®0'’, obtained by precipitation, is a whitish powder, insoluble 
inwater and in alcohol.— The kacl-salt, (0*H.“)*Pb"i"'0*, obtained by precipitating 
the ammonium-salt with acetate of lead, le a loosely coherent, curdy precipitate, 
insoluble in water and in alcohol. By precipitating with excess of lead-acetate, a dense 
pulverulent precipitate is formed consisting of a hasio salt, (O'H'*yPb"P^0" Pb"i[W. 
— The im-mmus salt obtained by precipitation appears to decompose m drying, and 
then forms a grey powder. 

Ethyka diamyjpAosphate, (C“H‘)(C*H'')*PO', appears to be formed — 1. By beathig a 
solution of diamylphoanhono acid in 8 or 4 pts. alcohol of 95 per cent m a sealed tuba 
to 180° ! on treating the contents of the tube with aqueous carbonate of sodium, a 
mobile liquid separates, having an ethereal odour. — 2. By heating diamylphosphate of 
silver wiui iodide of ethyl to 100® 

Trtamyho Phosphate or Neutral Phosphate of Amyl, (C*H")‘P0‘, has 
not been obtained pure, hut appears to be formed by boating diargentio amylphosphato 
with chloride of amyl to 180° in a sealed tube : 

CyH^Ag^PO* -I- 20»H"G1 = 2AgOl + (a‘H"yPO'. 

On treating the product with alcohol and mixing the decanted solution with water, an 
ethereal liquid separates, having an odour quite different from that of amylio alcohol. 
(Guthrie.) 

Etbyllo Phosphates. Ethylpbosphorle Ethers. Four of these compounds 
are known, namely, the three orthophoephates of ethyl and the neutral pyrophosphate ; 
also several sulphophosphates, 

Fthtlphosphoiiio Acin, also called Phosphethyho or Phosphotnnio aoid, 

0»H’PO< =. (C*H»)H“PO< = 0*. — ^This compound was discovered byLas- 

) 

saignein 1820 (Ann Oh. Phys. [2] xiii. 294), and has bean further examined by 
Pelouae (j4id,lii. 37), Liehig (Ann. Oh. Pharm. vi. 149), and Church (Proc. 
Boy. Soo xm. 620). It is produced by the action of phosphoric acid on alcohol or 
ether, the latter reaction being however slower than the former; also by the action of 
phoaphono oxychloride on aqueous alcohol. (Sehiff.) 

Pi'eparaiion.—l pt of 96 per cent alcohol » mixed with 1 pt of syrupy orthophos- 
phorio or pyrophosphoric acid, the mixture heated for some minutes to 60® or 80°, 
diluted after 24 hours with eight tunes its hulk of water, and neutralised with finely 
pulverised carbonate of barium. The whole is boiled for a while to drive off the uncom- 
biiied alcohol, then left to cool down to 7 0°, filtered, and the filtrate left in a cold 
place that the ethylphosphate of barium may crystallise out. From the aqueous solu- 
tion of this salt the acid maybe obtained by carefully adding sulphuric acid and 
filtering; it may also he obtained by decomposing the lead-salt with sulphydne acid and 
filtering. Either of these filtrates evaporated, first over the open fire, and then over 
oil of vitriol in vacuo at ordinary temperatures, leaves the eonceutruted acid in thefoi-m 
of an oil, which neither dries up nor decomposes when left for a longer time in lacno. 
(Pelouze.) 

The concentrated acid is a colourless, inodorous, viscid oil, which reddens litmus 
strongly, and has a biting sour taste. It deposits a few shining crystals of the acid, 
which, however, do notinei'easeat22®. When boiled, it first gives off ether mixed with 
alcohol, then ethylene gas with a trace of wme-oil, and leaves phosphorio acid mixed 
with char&al (Pelouze). When distilled with acetate of potassium, it yields pure 
acetic ether. (Liebig, Ann Cb. Pharm. xiii. 32.) 

The aoid mixes with water in all proportions, and may be concentrated by boiling up 
to a certain point without decomposition (Pelouze) It likewise mixes in uE propor- 
tions with alcohol and ether. 
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EthylphospLates, C“H“M“PO‘.— These salts are allmore or less soluble in water 
and erysfallisable. The lead-salt is the least soluble. Most of them hare a maximiua 
degree of solubility at about 10 — 60°. 

The ammomum-sM is easily prepared by saturating the acid with ammonia. The 
aqueous solution becomes acid on evaporation, but the salt may be obtained in a semi- 
ovystalline form by evaporation la vacuo over oil of -ntrioL 'V^en carefully heated in 
an oil-bath it gives off ammonia as well as water, but appears to yield ethylphospha- 
mic acid, among other products 

Aramious ethylpltosplmte, jg obtained in beautiful feathery crys- 

tals by dissolving arsenious anhydride in the boiling aqueous acid and evaporating ; 
also by warming a mixture of arsemons chlorido and an equivalent quantity of anhy- 
drous etbylphosphato of lead (or silver), exhaustuig the mass with warm water, and 
evaporating the filtrate. This latter method, however, is not so good os the former, 
as the salt is slowly decomposed by water into arsenious anhydride and ethylphosphorio 
aeid. (OhureE) 

Ethvlphosphate ofBanum, (0’H*)Ba'T0h6H*0, prepared as above, forms colourless, 
very wort, right rhombic prisms, passing into sii-aided tables by truncation of the 
acute lateral edges It tastes agreeably saline and bitter, effloresces very slowly in the 
an, giies off ite water of cvys^isation at 120°, acquiring at the same time a nearly 
lustre. The crystals of the hoxhydrated suit immersed in a boihiig saturated solution 
immediately assume a pearly aspect, and aro found after drying i.n vacuo to bo 
converted into the monohydrate, (C*H“)J3a"PO''.ffO. On the other hand, this mono- 
hydrate, or the anhydrous salt, when treated with cold water, is immediately recon- 
verted mto the hexhydrate A saturated solution of the ordinary salt evaporated at 
fi0° — 60° deposits pearly plktes of a hydrate intermediate between the mono- and 
heshydiates, VIZ (OhiirohO 

The anhydrous salt heated to dull redness gives off water and oarbui’ettod hydrogen 
with traces of alcohol and ether, and leaves diburytic pyrophosphate mixed with char- 
coal. The principal decomposition is represented by Uie equation : 

2C*H'Ba"0« = B>P'0’ + 2C=ff + H»0. 

If the dry salt be mixed, before igiiihon, with carbonate of potassium, it bhewiso yields 
no alcohol, but the same volatile products as when heated alone (Pelouza). Prom 
the cold aqueous solution mixed with nitno acid, alcohol tluows down nitrate of 
haiium, leaving ethylphosphorio acid in solution. 

The salt is most soluble in water at 40°, and the solution saturated at tli.it terapera- 
tiu'e deposits crystals of the 6-hydratod salt, both when heated and when cooled, 1 pt. 
of tlie (heshydrated?) salt dissolves in 29 4 pts water at 0°, in 30 3 pts. at 6°, in 14 9 
pte. at 20°, la 10 7 pts at 40°, in 12-5 pts. at 50°, in 11 2 pts. at 55°, in 12 4 pts, at 
60°, ill 22'8 pts at 80°, .ind 36 7 pts. at 100°, The salt is insoluble in alcohol and 
ether, and is precipitated by those liquids from its aqueous solution, 

The aqueous solution precipitates the salts of lead, mercury, and silver, but not those 
of iron, nickel, copper, gold, or pUtimun. 

The calcium-mt forms micaceous scales shghtly soluble in pure water. 
pVme etht/lphoapluitf, (C*H'‘)“E‘e^P“0’h6H-0, is obtained by precipitating a hot 
solution of the silver-snlt, with an equivalent quantity of feme chloride also dissolved 
in hot water, and separates in straw-yellow films fioni the filtrate when heated to the 
boiling-point (Church ) 

By precipitating mixtures of ferric and alumime chlorides in various proportions 
with ethylphosphate of silver, or heating mixed solutions of feme and ulnminie 
ethylphosphates to the boiling-point, or adding absolute alcohol' to them till only 
a part is precipitated, Church has obtained femco-dnimnio etht/lphoephates 
containing respectively (0’SWe*Al'”P'’0“ GH-'O, (C”H“)4 Va 1*P'0**.6H'*0 and 
(GiS‘jW'Al»P”0“.6ffO 

Aferroso-femo rtAyZp/iospdafc, (CB'’)»P6»F'e®P'0«.6H“0, is ohtamed by precipi- 
tating the barium-salt with a solution of mixed ferrous and ferric sulpimtes, and 
adding alcohol to the filtrate. 

The lead-salt, (C*H“)Pb"PO'‘JH''0, obtained by precipitating a solution of the 
barium-salt nearly saturated at 70° with acetate of lead, is almost insoluble in cold 
wafer, but slightly soluble in hot water, from winch it may be crystallised. Jt may be 
obtained anhydrous by heating it to 130° — 160°. (Church ) 

A mercurous salt, apparently containing (C’H‘)Hg’POh21PO, is obtained by 
precipitation from moderately concentrated solutions in pearly phites It dissolves 
slightly and with partial decomposition in cold water, hut is insoluble in alcohol 
(Church.) 
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^ the harium-salt with the 
crjatalliae 
sparingly soluble. 

Taeitront. 

soluble in hoi 
by alcohol. 

The mamo salt, (0“H®)(ir*‘0®)''PO‘.H’'O, is obtamed by dissolving uranic oiride in 
ethylphoaphorio aoid, and evaporating the filtered solution in pale yellow flocks, which, 
dry up to amorphous, brittle, lomon-yellow masses. It is less soluble in boding water 

Eth ^ . 

tating a hot solution of , , , 

rating the filtrate,' first at 100°, then over snlphuric aoid in vaeuo It forms a confused 
mass of crystals, which lose their transparency on drying, are extremely Soluble in cold 
water, and deli^uescout. It begins to decompose at 100°, and is completely resolved' 
at higher temperatures into triethylamine and triethylie phosphate . 

(0»H“)[(C=H0<N]“PO« =. 2(C“H»)’N + (C“H“)»POb 


ETHYi.-STri.PEOPHQSPEOB.io A.01D, O'H’PSO” >= C*H* H'PSO’. — ^This acid, dis- 
covered by Cloez (Oompt. rend xxiv. 388), is known only ui aqueous solution, and in 
Its salts. The potassmm- and sodimi-salis are easily obtamed by agitating sulpho- 
obloride of phosphorus with alcoholic potash or soda- 


C®0 + 5KE0 + PSOl’ = C»H‘K’PS0* + SKCl + 3H»0. 


They dissolve readily in water and m alcohol 

The himim.-, sironium-, and calaium-salts, obtained by saturating the aqueous acid 
with the corresponding carbonates, are orystallisable. The formula of the barium-salt 
is 0*H»Ba''PS0^ 


Diethtl-phosphobio aoid, CH^PO^ 


(C-H«)''HP0‘ = 


|cS»)'‘|o. 


(Vogeli, Ann, Oh Pharni. hix 180.)— This acid is formed, together with the preced- 
ing, when absolute alcohol or ether, in the liquid or gaseous state, is brought in 
contact with phoaphorio anhydride. The absorption of the vapour affords the best 
mode of preparation, because when phosphoric anhydride is introduced into liqiud 
alcohol or other, great heat is evolved, and the phosphoric anhydride forma into lumps, 
which are very slowly acted upon. 

Preparation — Phosphoric anhydride is placed over anhydrous ether or alcohol (the 
latter yields the best product), and the whole is covered with a bell-jar to keep out the 
moisture of the air. The anhydride then absorbs the vapour, and in a week or a fort- 
night deliquesces to a syrup This syrup is saturated with carbonate of lead, the in- 
soluble phosphute of lead, &o., romoTcd by filtration, and the filtrate evaporated over a 
wator-batlr or a sand-bath. A sparingly soluble lead-salt (ethylphosphateythen sepa- 
rates out in peai'ly crystals. On further conocntnifion, the solution yields groups of 
crystals like caffeine These ory.stiils consist of the diethylphosphato of lead , they 
may be purified by redissolving them at a yary gentle beat and recrystallising. Prom 
the solution of this lead-salt the lead may be precipitated by sulphydl'ic^ucid ; and the 
filtrate evaporated in vacuo yields the liydratod acid in the form of a syrup, which does 
not crystallise, and appears to be partially decomposed 

The syrupy acid when heated gives off pungent acid vapours, and afterwards phos- 
phoric ether, recognisable by its odour. Tho decompositiou terminates with a violent 
frothing of the whole mass, and phosphoric acid remains behind. 

The iiothylphosphaUs have the composition (C'=H'')''=MPO* or (C*H»)-‘M:"P=0», ao- 
oording to the atomicity of the metal They appear to be all soluble in water. 

The bamm-sedt is formed by saturating Uie aquoona acid with carbonate of barium. 
It dissolves readily m water and dilute alcohol, and may be obtained in needles and 


The calcium-salt, (C“H‘)'‘Ca''P=0”, is obtained by adding carbonate or hydrate of 
calcium to phosphoric anhydride which has been left to deliquesce over alcohol or 
other, or to the aqueous aoid prepared by decomposing the lead-salt with sulphydno 
aoid, or by decomposmg the load-salt with an alcoholic solution of chloride of 
calcium. • 

It IS very soluble in water, less soluble in dilute alcohol, sparingly in absolute 
alcohol, crystallises on coohng from a warm, concentrated aqueous solution, or from an 
aqueous solution gradually evaporated, in sUky groups of crystals like the lead-salt. 
Prom the solution m dilute alcohol it crystallises in needles. ‘When strongly heated, 
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it does uofc giye off water or fnso, bnt decomposes, witli evolution of triethjlio phosphate, 
turning slightly lilack at tlie same time. 

The copper-salt, obtained by decomposing the lead-salt with sulphate of copper, is 
very soluble in wllter. 

The Uad-wU, (G-a’)‘Pb"P“0’, prepared as above, dissolves readily in cold water, 
still more in warm water, and separates on cooling from a warm concentrated solution 
in groups of erystiils resembling caffeine It is sparingly soluble in cold, easily in hot 
absolute alcohol It melts at 180°, --olidifying to a crystalline mass on cooling. When 
heated to about 190° it is resolved into triethyUc phosphate, which distils over, and 
ethylphosphate of lead; 

(G^H“)W’P»0» = (C»H“)»PO‘ + (OTO)Pb"POl 
The other diethylphosphates are decomposed by heat in a similar manner. 

The Tnagnesium- and niciel-salts are very soluble in water ; the latter crystallises in 
groups of laminae, 

DiMKVtstinpnopHospHoitio aci»,(G“H»)=*HP 30“ (Garins, Ann. Ch.Pharm, 
oxii. 190 , Jahresb 1869, p. 442.)— This acid is formed, together with triethylie disul- 
phophosphate, hy the action of pentasulphide of phosphorus on alcohol : 

eO'H^O + P-S“ = (G“H»)’>HPSO'' + (0^H*)=PS=0» h- 2H®S. 

Diethylaulphophosphoric acid is a viscid, oily liquid having .a strongly aciS. and like- 
wise hitter taste. It may be boiled in aqueous or alcoholic solution without decompo- 
sition. but decomposes when strongly heated per se, giving off meroapjian (and perhaps 
also sulphido of ethyl), and leaves phosphoric acid. It forms very stable salts, among 
■which the amnumiwii-,potassium-, sodium-, lMnum-,<ialinwiH-, and lead-salts dissolve easily 
in water, and are soluble also in absolute alcohol and even in ether ; the stlvcMalt is 
nearly msoluble in water, but very soluble in alcohol and in other. The silver-, lead-, 
and zmo-siilts separate from their solutions by rapid oiaporation in oily drops, which 
remain viscid for a long time, but solnhfy in the crystalline form when touched witli 
a hard body. 

DiBTHYi,-Disui,PHOPiiosFHOitio AoiD, (C°H'‘)*HPS“0' (Carius, loo. 
Produced, together -with etliylic sulphide, by heating triethylie disulphophosphate 
(iJt/rn) with mercaptan in a sealed tube 
+ C“H»HS 

Mcrcitp-' 

It is a transparent, colourless, amorphous mass, viscid at a gentle heat Its salts are 
produced by the action of alcoliolio sulphydrate of potassium or sodium on tiietliylie 
disulphophosphate, mercaptan being formed at the same time : 

(G^H^WO* -t KHS = (C“H>)>KPS''0« -h C'H'HS. 

DiBTKTi.-a:BTBAS'cri,PHOPnoapHOBiaAoiD,(C“H«)“2;PSl — The potassium-salt 
of this acid is formed by the action of aloohoho snlphydinte of potassium on triethylio 
tetrasulphophosphate. (Cari us, loo, at ) 

TniBTSTi.10 Phosphatb, (0'iH‘)"P0< = This ether was disco- 

vered by Vogeli, who obtained it — 1. By heating dietliylphosphute of lead to 190° 
(md sup.). — 2 In smaUquaiitity, together with diethylpliosphorio acid, by the actiouof 
phosphoric anhydride on alcohol. It is likewise piodueed — 3. By he.atiiig phosphate 
of silver noth iodide of ethyl to 100° (a sbght action takes place also at common 
temperatures), exhausting the mass -with ether, beating the liquid which remains alter 
the evaporation of the ether to 160°, and distiUing it in vacuo at 140° (De Clermont, 
Ann Gh. Pharm. xci. 376). — 4 By the action of oxychloride of phosphorus on ethylate 
of sodium • ‘ 

SCPH'NaO + POGl» = 3NaGl -p (G“H“)'PO*. 

The llmud filtered foom the chloride of sodium is freed from ether by heating it in the 
water-bath, and the residue is distilled (Limprieht, Ailu. Oh Phai'm. cxxxiv. 347). 
— 6, By the action of the oxychloride on absolute alcohol (Schiff.) 

Triethylio phosphate is a limpid bquid, having a peculiar odour, a specific graiity 
of 1'072 at 12°, and boiling at 215°. It is soluble in water, alcohol, and ether, but is 
slowly decomposed by contact with water. (Ganns.) 

Teiethypio Disuiphophosphatb, (C=II‘)“P3°0S is obtained, together with 
dietbylsulphophosphorio acid (vtd sup,), by the action of pentasulplude of phosphorus 
on alcohol It is a colourless oily liquid, haiing an arom.itlo .lud sonieuhat alliaceous 
odoui’, especially when warmed, and distilling nndccompo,sed witli vapour of « liter. 


(CW)»PS‘0‘ 

TncthiHo (Usui, 
phophosphatd. 
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When treated -with alcoholic aulphydrate of potassium or sodium, it yields diethyi- 
disulphophosphorio acjd aud mercaptan (Oarius, p. 692). With, alcohols, it yields 
diethyl-svdphophosphorio acid, together with a sulphide of ethyl, and the raiele of the 
alcohol employed , e.g. with amyhe alcohol; 

(C=H»)=I“S'iO= + (G«H>')HO ». (C“H‘)“HPS30» + (0»H«)(0»H")S. 

'Teibthyi.io TBTEisunrHonHospEA.'Dn, (0*H?)1PS*. (Oarius, loe. oil .) — 
Ihoduced by the action of pentasulphide of phosphorus on mercaptan, or better, on, 
mercaptide of mercury : 

3(C=H')“Hg''S“ + P“S» = 2(C'=H“)»PS< + SHgU 
It is a light yellow oily Hguid resembling triethyhc disulphophosphate, but more 
easily decomposible, With alcohohc sulphydrate of potassium it yields diethyl-tetra- 
eulphophosphoric acid, and with hydrate of potassium, the potsssimu-salt of another 
acid, probably diethyl -trisulphophosphoric acid, (CPH'l^HPS'O. 

Teteethtlio PTEoPHOspHArn, (C“H“)'‘P“0’, (De Olermont, loo. <st.)— Pro- 
duced by heating dry pyrophosphate of silTer with iodide of ethyl to 100° in a sealed 
flask. The filtered hguid is then distilled at the heat of the water-bath, and the viscid 
residua is dried by passing air through it at 130°, and then heafang it in vacuo to 140°.' 
It 13 a viBcid liquid, of specific gravity 1 172 at 17° ; has a peculiai odour aud burning 
‘ taste ; burns with a whitish flame, difflising white vapours. Potash decomposes it, 
forming crystalhsablo dehqnesoent diethyl^osphate of potassium. It is soluble in 
water, alcohol, and ether, soon turns add when exposed to the am, and dissolves a small 
quantity of silver-iodide. 

Kethyllo Phospbates or Ketbylpbospborlo etbers. The monomethylio- 
and dimathylio phosphates have been obtained by Hugo Sohiff (Ann, Oh. Phorm. 
ch. 334) ; the trimethyh'o etber is not known. 

The two acid ethers arc produced simultaneously : 1. By the action of phosphono 
oxychloride on mcthyho alcohol 

8(Off)HO + POOP = (CH*)HW* + 20H»0I -1- HOI, 
and 3(CH»)HO + POCfi’ = (OH'^HPO* + CH*C1 + 2H01. 

On mixing the two hquids, great heat is evolved, vapours of hydrochloric acid 
and chloride of methyl given off, and a dark red liquid remains consisting of mono- 
and dunethylphosphono acids, the former bcmg in the greater qnantity. But, if the 
phosphoric oi^chlonde be placed m a flask attached to the lower end of a condensing 
apparatus, and standing in cold -water, and the wood-spnit he added by drops from tho 
upper end, each addition being made only after the reaction produced by the former 
has subsided, the product consists almost entirely of dimethy^hosphorio acid, whioh,. 
aftor the red liquid has been freed from hydrochlono acid and wood-spint by heatmg 
it for several hours in the water-bath, remains m the form of a colomloss syrup, hut 
by continued heating over the water-bath is gradually resolved into wood-spirit and 
phosphoric acid. _ 

2 By the action of pentachlorids of phosphorus on methylie alcohol, phosphorio 
oxychloride being first formed, as shown by the equation, 

(CH»)H0 + POP = POOP + CH'Cl + HOI, 
and then acting on the rest of the mothylio alcohol as above. 

Dimothglphosphoric aoid, (OB?)*HPO* =« [ci^)''|o* is very sour, attacks 

zino with evolution of hydrogen, and decomposes eaibomtes with faoihty. The aqueous 
solution IS readily decomposed by boiling, apparently with formation of monomethyl- 
phosphorio acid. It is soluble in alcohol and ether 

The dimethylphosphates, (OH*)’MPO* and (GH?)fBI”P’0“, are obtained by 
neutralising the aqueous acid with the corresponding carbonates. Some of the less 
soluble may also be obtained by precipitation They are easily separated from the 
monomethylphoaphatas, which are mneh less soluble and separate out on evaporation. 
The dimethylphosphates are mostly colourless, dissolve pretiy readily in water, less 
in alcohol, not at ml in ether, and are precipitated by alcohol and ether from their con- 
centrated solutions. — ^Almost aU of them contain several atoms of water of crystallisa- 
tion. — Their aqueous solutions are decomposed by evaporation, unless the heat is 
kept very Sow By distillation they yield the same prodnots as the free amd, with a 
residue of phosphate. 

The banitm-sdi, (CH®)‘Ba"PO<, forms aacroous laminae nearly insoluble in alcohol. 
The stroniiwn-salt, (0H®ySi’"P’O®.2H=O, is somewhat more soluble m alcohol than the 
from the alcohohc solution by gradual ovaporatiou m 
- . . Dged in radiated groups. It gives off its water at 160°. — 

. i . . Q Q 
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The cdlciuTiirsaU, (0H”)*Oa'T“O“, separates in warty masses, very soltiHe in water.—* 
Ttte tnoffnesium-aalt is a white powder soluble in water — The zino-salt is white and. 
rather soluble. — The tron and copper-mlts appear also to be easily soluble, inasmuch, 
as the solution' of the salt is not precipitated by solutions of iron, calcium, or copper.-* 
The lead-salt, (OH*yPb'TW, is precipitated from the concentrated aqueous solution 
by ether m flakes. 

The soluble dunethylphosphates form white precipitates with salts of ooialt, mrcun/, 
and silver. 

The monomelhylpbosphateS, (OBP)M^O'‘, are much loss soluble in water 
than the diinethylophosphates. The barmm-salt, (CH“)Ba"P0''.2H20, is less soluble 
in water at 100“ than in lukewarm water, and separates as soon as the solution is 
placed over the water-bath, in laminse having a strong lustre. It gives off the greater 
part of Its water of crystaUisatiou even on eaposure to the air, a furtlier portion over 
sulphunc add, losing its lustre at the same time, and the whole (2 at.) at 160°. When 
stBongly heated it gives off combustible gases. 

tSidphocMondo of phosphorus forms with methylic alcohol an acid ether, whose 
barium-salt IS soluble in water. This ether is probably monomethylio sulpho- 
phosphoricaoid, (CH“)H»PSO«. 

AnuEsn'CM. Methylphosphorous acid, OS'PO* = Cff|o= (Schiff, Zoo. wt.). , 
— ^Produced by the action of trichloride of phosphorus on methyho alcohol : 

3CH<0 -t POP = CH»PO« + 2Cffai + HCl. 

Trichloride of phosphorus is added by drops to methyho alcohol as long as any action 
takes place, and the hquid is left in a worm place for several hours, to expel hydro- 
ohlorio acid and excess of methylic alcohol The compound is thus obtained in the 
form of a nearly colourless, very acid symp, winch draws out into threads, .lud cannot 
bo made to crystilhae. On attempting to concentrate it further by heat, it is resolved 
into methylic alcohol and phosphorous acid. 

The m^hylphosphiies, (CH")HMPO', are obtained ^hy treating the eoiTesponding 
oarhonates with the aqueous acid By evaporation at ordinary temperatures or at a 
very gentle heat, they are obtained as amorphous masses which exliibit crystalline 
qtruoture when sevetohed with a sharp-edged tool When strongly heated, they give 

off phoaphoretted hydrogen and combustible i. pjiQj, 

phate mixed with a little amorphous phospbc i and dissolve 

readily in water, sparingly in alcohol, and no ^ ons solutions 

decompose slowly at ordinary temperatures into methylic alooliol and phosphates. 
This decomposition takes place most quickly when the solutions are acid, and may he 
prevented by keeping an excess of the carbonate in the liquid during evaporation 

The JanuTO-saZt, (CH’)’H’Ba"P*0'', is anhydrous, leas soluble in .water and in alcohol 
than the calcium-salt The calciwm-sali, (CH*)*E’Ca''P*Q“.2E’0| gives off its water 
at 100°. The lead-salt, (OE’)’E-Pb"P*0', is very easily decomposed by heat. 

The solution of the calcium-salt does not precipitate the chlorides of copper and 
iron , with merowno chloride, it forms a white precipitate ; and with nitrate of silver, a 
precipitate which is white at first but quickly yields reduced silver. 


phosphoric acid, (C"E*)H“PO', has been obtainod by Ohureh (Proo. E( 
xiii 620), but the mode of preparation is not deacribod Both the acid and 
oxidise rapidly. 

2, l)ipkenijlphosphorioaeid,0'^'B}''SO' = — This acid e 


and dampest weather without alteration It dissolves easily in a weak solution of 
caustic soda to which ahttlealeoholis added, sodium, 

(C'‘E*)'‘NaPO<, which crystallises on cooling f , irisma or 

needles. These crystals yield by analysis 22-' . ■ , i iter, and 

8'96, 8 '91, and 9'02 per cent, phosphoms, agreeing nearly with thra fotmida, 
2(C'E‘)^nP0‘*._9E“'O, which requires 22 96 per' cent, water and 8'78 per cent phos- 
phorus. Sometimes (under circumstances not precisely determined) flattened needles 
were obtained containing24-66 — 24'8I percent, water, theformula (C''E‘)'^aPO' dE’^O 
requires 24'81 per cent. On mix i n g the aqueous solution of the sodium-salt with 
neutral acetate of lead, a nacreous mystaUine precipitate is formed containing 29'2 
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per cent lead, whieli agrees nearly witli the fonnnla (C“H?)WT'0". lequiiiug 20 4 
per cent (H, W atte, Gmehn’s Eandbook, xu. 249 ; and vmpubliklmd expemtients.) 

Hugo Muller, in making some expenments with the new of obtaining plienyleno 
from phenol by the action of phosphoric anhydnde, has recently obtained a phenyl- 
phosphoric acid, the formula of wMeh is however not yet made out. 'When phosphoric 


the temperature being raised still higher, iinehanged phenol distils over, hut there is no 
indication that phenylcne is formed in this reaction. On dissolving the residuary mass 
' er and treating it with bamim-carhonate, a solution of phenylphosphate of hairam 
mio aoid and care- 
heavy oily liqmd, 

- solution. This phenyl-phosphono aeid forms 

with most metals well ciystallised salts. — The potassium-, soAvam- and ammonium-' 
salts are veiy readily soluble in water — The magnmum^salt eryetaUises with 
dif&oulty, and is moderately soliihle in water. — The banum-sedt crystaUisos in magnifi- 
cent asbestoB-hke crystals. Solutions of the barium-salt give with acetote of lead a 
white fioeoulent precvpitate, which soon becomee converted into a mass of fibrous 
crystals. Dilute solutions give no precipitate, hut on evaporation yield crystals 
reaombhng the barium-salt —The szlver-salt la a white precipitate which soon becomes 
yellow and brown Solutions of the phenyl-phosphate of barium do not give precipi- 
tates with oopper-, cobalt-, makel-, or sxno-scdts m the cold, but when heat is applied, 
precipitates are formed which dissolve again on coohng. The phenylphosphates 
like the corresMUdmg ethylphosphates possess the peenhar property olbemg less soluble 
in hot water than in cold : their maximum solnhmty appears to ho between 40° and 
60°. {ComnumoationfromSr.Muiler,) 

Tripkonylio FUspliate, (Williamson and 

Scrugham, Ohem. Soo Qu J. vii. 240) — Tins compound, the neutral phosphate of' 
phenyl, is produced, together with chloride of phenyl, by the action of pontaohloride of 
phosphorus on phenyho alcohol obtained from coiu-tar creosote, and constitutes that 
portion of the product (the largest) which distils above the range of the mcreimal 
thermometer. It is purified by treating the crude product with strong aqueous potash, 
removing the potash by washmg with water, and distilling the remaining liquid two or 


ether, but insoluble m potash «cept on boiling. It is very expansible, sinking in si 
cold solution of potash, but rising tp the surface, on the appheation of heat, and again 
falling to the bottom on cooling. It is decomposed by ethylate of sodium, or by 
evaporation to di'yness with strong potash ; and on adding nitrate of potassium to the 
residue, fusi^, toeatmg the fused mass with water, and neutrahsing with hydrochlono 
acid, a solution is obtained in which the phosphoric acid may be detected and estimat^ 
in the usual vray with ammonia and sulphate of magnesium. The ether gave by 
analysis, 65 92 per cent carbon, 5’13 hydrogen, and 8’00 phosphorus, the formula 


(C?'fl*)®PO* requiring 66’11 carbon, 4-59 hydrogen, 9 7 phosphonw anT’l9 •69 oxygen. 
Glyceroptaospborio Acid, C»H’PO» « (0»H‘)’"|o'', existing in the yolk of 

eggs and in the brain, and produced artificially by the action of phosphoric acid or 
anhydride on glycerm, has been already described (ii. 89^ 

Aoetylphosphorlc Add, probably = IS obtained 

H ) 

by the action of acetyhe chloride on phosphate of sjlver. , On treating the resulting 
mass with water, the acetylphosphorie acid dissolves, together with phosphone aeid, 
and by neutralising the evaporated filtrate with eai-honate and hydrate of calcium, pre- 
cipitating with acetate of lead, and decomposing the lead-salt with snlphydric aeid, the 
acetylphosphorie aeid is obtained as a viscid hquid which is resolved by boiling 
the solution into phomhono and acetic acids The bamm- mdic(dimm-B(dts are easily 
soluble, the former, O^H''Ca"PO® 4H®0, crystalhses in radiate needles and prisms per- 
manent mthe air. (Kammarer and Oairns, Ann. Ch. Pharm. oxxxi, 170.) 

(P'O*)'', 

Aoetylpjrropbospliorlo Add. (0*H»0)H»PW = C“H»0 10b (H. Men- 

sehutkine. Bull 9oc. Chim. 1866, i 269 ) — Produced by the action of nitric acid, or 
better of hydno peroxide on aeetylpyrophosphoroua acid, (O^ffO^IPPW (p. 534),— . 



59C 


PHOSPHORUS: OXYBROMIDE. 


The harivm.-mU, (C-II''0)HBa"P’0’ 2H®0, is obtained by adding a solution of barium- 
peroxide in dilute hydrodilorio acid to a solution of potassie aeetylpyropliosplute. It 
IS A crystalline precipitate, insoluble in Tiiater, moderately soluble in dilute acids Its 
solution m nitno acid, decomposed by an equivalent quantity of sulpburie acid, yields 
the aqueous acid ; and on neutralising this -with ammoma, and adding acetate of lead, 
the leai-salt, (0“H"0)®Pb*P*0''', is obtained as a precipitate, insoluble m water, easily 
soluble in dilute nitric acid. — ^The mlversalt, (C’ffO)Ag®P=0’, obtamed in bke 
manner, is a white precipitate which gradually turns yellowish It dissolves without 
decomposition in dilute nitric acid and in dilute ammonia, but strong ammonia poured 
on the dry salt reduces part of the silver. 

Acetylpyrophoaphorio add is slowly converted into phosphoric acid by ebnllition 
with aqueous acid and alkaHs, quickly by fusion with hydrate ofpotasdum or carbonate 
of sodium. 


PBOSPHORVS, OXYBROiaiDE OP. POBri.— This compound, discovered 
by Gladstone (PhiL Mag. [8] xxxv 846 , Jahresb. 1849, p. 243), is raodneedby the 
decomposition of the pentabromide m moist air : PBr* + H’O = 2HBr + POBr’ ; 
and in a pure state by the action of the pentabromide on alcohols and acids, e y , by 
treatmff 1 at. of the strongest acetia acid with 1 at. of the pentabromide (H. Ritter, 
Ann. Ch, Phaim. xiv. 210) : 

OOTO.H.O + PBr» = POBr> + O'ffOBr + HBr; 

Acetic Oxybromide of Bromide of 

acid. phosphoruB acetyl, 

or lat. fused oxalic acid with 1 at. pontahromide (Baudrimont, BnU. 8oo Ohim. 
1861, p. 118), the reaction hemg similar to that with the pentaohlonde {infra). 
After reotifloation, it forma a cryst^ne mass composed of large laminss, melts at 46® 
or 46® to a colourless hqmd, has a specific gravity of 2'822 [sohd or hquid f] , boils at 
196® (Ritter). It is slowly decomposed by water into phosphoric and hydrobromio 
acids, and acta upon alcohols, acids, &e. in the same manner as the oxychloride 
FBOSPHOBTfS, OXTCHBORIDB OP. POOP.— This compound, discovered 
by 'Wurtz (Ann. Ch. Phys. [8] xx. 472), is produced by reactions analogous to those 
above described for the formation of the oxybromide. Gerhardt (Ann. Oh, Phys. 
[3] xxxvii. 285) recommends, as the best mode of preparing it, to distil pentaohlonde of 
phosphorus with half its weight of oxaRo acid completely deprived Of its water of 
oiystalhsation • 

CPH’O* + POP =. POOP + 2HC1 + CO + CO’, 
or 6 pts. of the pentaeWorido with 1 pt. or rather more of orystaUised boric acid {iUi, 
slv. 102); 

2B?BO» + 3PCP = 8POOP + B’0» + SHOl. 


In eithar'Case, hydrochloric acid is given pff as gas, and oxychloride ofphosphorus is the 
only hquid podnot of the distillation. The oxydUonde is also produced by passing 
oxygen gas into boihng triehlonde of phosphorus ; and by mixing the pontadiloride 
with phosphoric anhydride. P’O* + 8POP = 6POOP, and according to Lautemann 
(p. 636) by heating phosphoric anhydride with dry chloride of sodium. 

Oxychloride of phosphorus is a colourless fuming Uqnid havmg a speoifle gravity of 
1'7 and boiling at 110®. It is decomposed by water like the oxybromide, yieling 
hydrochloric and phosphorio acids ; 

POOP + 3H’0 = 3H01 + H»PO‘. 

Like pentaehloride cf phosphorus, the oxychloride is largely used for preparing the 
chlorides of different radicles, according to a reaction first introduced by Gerhardt 
{loo. «<,) , with acetate of poimaiUm for example it yields phosphate of potassium and 
chloride of acetyl: 

, 3(C’H"O.K.O) + pool* = K‘PO‘ + 3C!’B:«001 

(see Chloeidbs, i 897). Heated with metaUio oxides, it forms a metallic chloride and 
phosphate. Heated to 100° in a sealed tube with osrychlonde of ehromiwm, it reacts m 
the manner shown by the equation • 


lOPOOP + 120rO*CIP » 3Gr*0* + fiCrCP + 6P’0» +, 18CP. (Casselman.) 

With agueovs alcohol of ordinary strength it forms monoethylphosphorio acid, and 
with anh^rous (doohql, triethylic phosphate (Schiff, Jahresb. 1857, p. lo) : 

pool* + 0*H‘.H.O + 2BPO - C*H“.H*.PO’ + 3H01: ^ 
and pool* + 3(C*H‘H 0) = (C*H*)*PO‘ + SHOL 

With ammonia it forms phospho-triamide, according to the equation : 

POa* + 3KH* = ^^H*^"'jN* + SHCl; 



PHOSPHORUS: SELENIDES. 597 


and simUarly witL amhm and«C!^^%&««e,ityfddBtripLenjl. andtrinaplitiiylplios- 
photriamide, e g, : /pr»\"' 

poci*^ + scn^E’Ch;*) >— ™'" 


When added by drops to heated zinc-ethyl, it acts ■with great yioleiice and' forms a 
colourless nsoid liquid, solidifjring after a while to a Titreous mass, which when 
treated with water, yields insoluble oxychloride of zinc and a soluble compound of 
sane-chloride with chloride of tetxethylphosphonium, 2P(G“H.*yGI.Zu''GF. (Pebal, 
Ann. Oh. Phann. cxx ISl, Jahresb 1861, p. 491.) 

Gompoundc of Phosphono Oxyohlonde with MetaUio cMondm (Oasselman, Ann. 
Ch. Pharm. xoi. 241, xoviu 213, Jahsesb 1864, p. 360; 1856, p 282). — Oxychloride 
of phosphorus forms crystalline compounds with several metalhc chlondes. The 
alumimum-oompomd, AlCP POOP, is obtained by heating chloride of aluminium with 
excess of the oxychloride in a sealed tube, and separates on slow coohng in transparent 
colourless crystals. It melts at 166°, solidifies in the crystalline form on cooling, boils 
at a heat below redness, and may be passed in the state of vapour through red-hot 
tubes without decomposition. It doliquescos when exposed to the air, and dissolves in 
water, with considerable rise of temperature, and formation of alumina, hydinchlorio 
acid, and phosphoric acid (Casselmann, Ann Ch Pharm. xcvm. 213; dahresb. 
1866, p 282). — ^A magnmum-compotmcl, M§f'CP.P0CP, is formed in like manner, bub 
veiy slowly, and may be freed &om excess of the oxychloride by prolonged heating to 
150° in a current of dry air. It is inodorous ; deliquesoeat, is (i^nmosed hy water 
hie the preceding compound ; and is resolved at a red heat into chloride of in^nesium 
and oxychloride of phosphorus. — A stannw compound, Sni'CltPOGP, is produced im- 
mediately, as a white crystalline mass, on hringing stonuio chloride in contact with oxy- 
chloride of phosphorus It also separates in crystals from the yellow hquid formed on 
trauting the compound SnOP.SCP with oxychloride of phosphorus. It has a peculiar 
odour, melts at 56°, boils at 180°, and if protected from contact with moist air, distils 
over unchanged. It fumes in the air and is decomposed by water, yielding staimiB 
chloride, hyttrooblorio acid and phosphoric acid; if alarge quantityof water is present, 
stannic phosphate separates out. 

A compound of phosphoric^ oxychloride with chloride of zino is produced by distilling 
the two suhatances together in an apparatus which allows the distilled liquid to flow 
back continually on the fused chloride of zino , or hy passing the vapour of the oxy- 
chloride over melted zino-oliloride, kept at a temperature below its boiling point It 
collects in the receiver in rhombic crystals. 

Oxychloride of phosphorus does not act on chloride of copper oven when heated. 
Merourio chloride slowly heated to 100° with the oxychloride m sealed tubes, becomes 
covered with colourless crystals. The chlorides of potassium, sodium, and barium are 
converted by similar treatment into gelatinous masses. 

VKOSPHOAtTS, BEXiSITXBSS OP. These compounds have recently been in- 
vestigated by 0. Hahn (J pr. Ohem.xcin. 430, BuH Soo. Chim. 1666, ii. 20) Berzelius 
showed that selenium and phosphorus unite in all proportions when heated together 
(Gnielm’s SandlooTc, u 242); Bogen (Ann. Ch. Pharm. exxiv. 67) obtained pcntasele- 
nide of phosphorus by heating 2 ah amorphous phosphorus with 6 at. selenium in a 
stream of carbonic anhydride; and Hahn by a similar process has obtainad the com- 
pounds P'Se, P'fie, P*Se’, and 1*86“, nnalogons to the sulphides of phosphorus A 
known weight of ordinary phosphorus having been dried in a bulb-tuhe in a stream of 
hydrogen, the required quantity of pulverised selenium is added and the mixture is 
heated combination then takes place at temperatures above 100°, attended with evo- 
lution of light and heat. 


Bemiselenlde or Subselenlde, P'*S6. — ^This compound, when freed &om excess 
of amorphous phosphorus (produced by the heat) by distillation, or by straining tlirough 
a doth under water, forms a dark yellow, _oily, fetid liquid which solidifies at — 12°, and 
is converted by heat iiito a colourless vapour. When diy it takes fire immediately on 
coming in contact with the air ; it is also set on fire by red faming nitric acid In 
water containing air, it becomes covered with an opaque crust, and is partly decom- 
posed, the water taking up phosphoric acid and a selenium-compound. It dissolves 
easily in sulphide of carbon, but is insoluble m alcohol and ether, by which it appears 
to be dneompoaed. It is not attacked by cold alkaline solutions , but when boiled with 
them it is decomposed, with evolution of phoaphorotted hydrogen and formation of a 
selenide and selenite of the alkah-metal. In solutions of metaUie salts it becomes 
covered with a crust of metalhc phosphide and selemde. 

Protosolenlde of Fbosphorus, ]?“Se, is at ordinary tomperaturcs a light rod 



69S PHOSPHORUS: SELENIDES. 

eolid body, wbicb sublimes -wben heated and bums when sot on_ Are with a bright 
flame and red smoke. It is permanent in dry air, but decomposes in moist air, giving 
off solemde of hydrogen. It is insolublo in alcohol and ether; sulphide of carbon 
absti'aots from it variable quantities of phosphorus. Boiling potash-ley decomposes 
it, with evolution of selenhydrio acid, and formation of a red substance coutaming 
both phosphorus and selenium. 

MeialUo SeUmohypovhospMtes.—'Sj carefiilly heating diy mixtures of pro- 
toselenide of phosphorus and a metallio selenide in equivalent proportions, selenium- 
ealts are obtained having the general formulse M'^Se.P’Se orMPSe* and M"S6.P’Se == 
lH'T^Se^ according to the atomicity of the metal. 

The potamum-sdt, KPSe, is white and permanent in dry air; in moist air it ex- 
hales selenhydne aoi4 and becomes covered with a red crust. With de-ahrated water 
it forms a solution which quickly decomposes, with evolution of selenhydrio acid, sepa- 
ration of selenium, and formation of potassie phosphate It dissolves with partial 
decomposition in absolute alcohol, and cannot be crystallised from this solution The 
alcoholio solution added to solutions of motalHo salts having an alkaline reaction, 
throws down easily decomposihle preeipitates consisting of metallio selenio-hypophos- 
phates; the precipitates formed in like manner in acid solutions contain viiriahle 
quantities of metallio selenide. Protoselenide of phosphorus fused with 2 at eelonide 
of potassium forms a red suhstance which when heated with alcoholio solution of 
potash, gives up selenide of potassium and leaves the white compound KPSe. 

The selonioliypophosphitcs oiiodtmn, barium, non, manganese, lead, coppei-, and sil- 
ver ai'e obtained in the same manner as the potassium-salt. The preparation of those 
containing fte heavy metals is dangerous, unless small quantities only are operated 
upon, larger quantities take fire even when briskly rubbed m a mortar. The selenio- 
hypophosphites of the heavy metals, with exception of the manganous salt, are very 
stable, decomposing only at high temperatures. They all dissolve in nitric acid , only 
the manganous salt in hydrochloric acid. They are slowly decomposed by boilmg 
alkaline solutions 

Trlseleulde of Pbospborus or Pbospborons Selenide. PW— This com- 
pound, an-ilogoiiB in composition to phosphorous oxide, is a solid body of a dark ruby- 
red colour, and having, when pulvensed, the aspect of amorphous phosphorus. When 
heated it is converted into a yoUow vapour which condenses in films of very various 
colour, from light yellow to very dark red. It burns in the air with a feeble flame and 
red smoke , oxidises slowly in moist air, and gives off selenhydrio acid when boiled 
with water It is insoluble in alcohol, ether, and sulphide of carbon, but dissolves 
easily in caustic potash-ley, less easily in alkahne carbonates. 

SeleMophosphiies, 2M»SePW = M<P“3e» or 2H"SeP=Se» = nfT^Se^f 
'according to the atomicity of the metal. When 1 at. phosphorous selenide is fused 
with 2 at of a metallic selenide, compounds ore formed which appear to be of definite 
constitution, inasmuch as if a larger proportion of the phosphorous selenide be nsed, 
the excess may he extracted from the fused mass by solvents, leaving a residue having 
the above composition 

The poiassium-salt, K’‘PW, is yellow, very hygroseopio, and decomposihle by water ; 
soluble m a mixture of aleobol and ether, less soluble in pure alcohol or pure ether, 
any excess of phosphorous selenide remaining undissolved The solutions form with 
the salts of the heavy metals, unstable precipitates of tlie corresponding metaUie com- 
pounds. 

The yellow 'sodium-sali and the light-red bamm-salt have been prepared by direct 
combination m the dry way, also the manganese-salt, Mn’“I’''Se“, lie eopper-sali, 
Ou^P^Se', the lead-salt, Pb’I^Se’, and the sdwm-sdlt, Ag*P*Se*, which are dark yellow, 
amoiphous and tolerably stable siibatanees, dissolved or decomposed only by red fummg 
nitric acid, excepting the manganous salt, which is dissolved also by boiling hydro- 
chlono acid. 

Pentaselenlde of Pbospboras, Pbosqiboiio Selenide. F^Se” — This com- 
pound, analogous in composition to pboaphono oxide, is more difficult of prepar.ition 
than the preceding ; it is necessary to use veiy finely divided selcninm, prepared by 
precipitation with snlpbnrous acid, and to mix the substances very intimately by 
exposing them in a glass tube to a heat just sufficient to molt the phosphorus before 
subjecting them to a strong heat It is solid, dark red, permanent in moist as well as 
in dry air, but decomposes when distilled. It is insoluble in sulphide of”earhon ; 
decomposed by potash-ley even in the cold. 

Selentopbosphates, =. M-T"'Se’. — Pentasulphide of selenium like- 

• Annlogons to Iiypotlietical anhydrotu hypophosphites, WPO or MUQ PHO (p. SS4). 
t Anologoiu to liypotlieucol anliydroun phosphites, Mipios or 2M'‘O.PiO^. 
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wise uiiiMs with metallio sSlenictes, apparently forming salts analogous in conlposibon. 
to the pyrophosphates , but they are very unstable and their composition cannot be 
regarded as definitively established The potassium-aalt, K^P^e', is dark-coloured, 
deliquescent, and immediately decomposed by water, alcohol, and ether Hence, when 
added to solutions of metallic salts, it forms precipitates consistmg merely of metaUio 
phosphide and selenide. Similar remarks apply to the aodxmvrsalt and to tho banum- 
salt, which IS of a hght brick-red colour, — The copper-aalt, Ou’T'Se’’, and the silver-salt,, 
AgT^Se’, are black, with metalhc lustre, permanent in the air, and leave metallie 
phosphides when ignited, they are dissolved only by fuming nitno acid. The lead-salt 
IS black, the manganese-salt hght red. 

PHOSPHOBxrs, StniPHIBES OP. When ordinary phosphorus and sulphur 
are heated together in the dry state or melted together under water, combination 
takes place between them, attended with vivid combustion and often with violent 
fexplosion. "When amorphous phosphorus is used, the reaction is not explosive though 
still very rapid 

Six different oompoiiuds of sulphur and phosphorus have been obtained, namely 
P*S, P*S, P<S®,P''S’, P'‘S’ and P®S'®, the first, second, fourth and fifth hemg analogous 
to the selenide above described. They may all be formed by heating the two bodies 
together m the required pioportions, hut the trisulphide and peutasulphide are more' 
easily prepared by warming the protosulphide with additional proportions of suliihur. 
Moreover, the two lower sulphides, P^S and P-S, exhibit isomeric modifications, each 
being capable of existing as a ooloiirless liquid and as a red sohd. The prOto-, tn- and 
pentasulphides of phosphorus unite with metaUie sulphides, forming sulphur-salts 
analogous to tho selenium-salts above described Om> knowledge of the sulphides 
of phosphorus is due chiefly to the researches of Borzeliua {Traiti de OUmie, 
Pans, 1846, i. 816 , Qmdin'a Sandbooi, u. 209.) 

Hemlsulphlde or Subsulphlde, P^S Bgposuljide phaspbormc. FkosphorsuU 
furet a Colourless li,quid modification. — This modification is prepared by 
melting 4 at. phosphorus and 1 at. sulphur under hot water, or by heatmg them in. 
the diy state m a sealed tube to about 60°, after the oxygen of the enclosed air has 
boentiiken up by the phosphorus , also by digestmg phosphorus m an alcoholic solution; 
of potassium-persulphide (liver of sulphur) 

The product thus obtained is, at ordinary temperatures, a transparent, colourless 
liquid, having the consistence of a fixed od. At a few degrees below 0° itsohdifles, 
forming a mass of slender, eolonrless crystals. It fumes m the air, and exhales the 
odour of phosphorus In an atmosphere free from oxygen, it may he distiUed without 
alteration It readily takes fire in the air, particularly when absorbed by porous bodies. 
It is insoluble in alcohol and ether ; but these liquids are gradiudly altered by it, 
even out of contact of air, and the new products dissolve in the liquid, while the 
remainmg sulphide undergoes no alteration, but merely diminishes in volume. Oils, 
both fixed and volatile, dissolve it in small quantity the solution shines in the dark, 
and gives off slight fumes when in contact with the air. Subsidphide of phosphorus 
dissolves, with the aid of heat, an additional quantity of phosphorus, hut deposits it 
again m tho form of rhombic dodecahedrons on cooling 

It may be preserved without alteration in abotfle filled with bpiled water and well 
corked , but in water impregnated with air, tho phosphorus gradually oxidises and is 
converted into phosphoric acid, hence the liquid acquires an acid reaction. When 
boiled with water, it slowly exhales sulphytoc acid — When digested in solution 
of potash or soda, it yields a phosphate, sidphydrate, and polysulplude of the alkali- 
metal , and there finally remams a quantity of phosphorus free from sulphur, which 
solidifies on cooling 

|6 RedModifioation Formed when tho preceding substance, or the liquid pro- 
tosulphide of phosphorus, is gently heated m contact with an electro-positive met^o 
sulphide It IS best prepared us follows — A. layer of anhydrous carbonate of sodium 
two inches thick is placed m a tube six or eight inches long, and a quantity of liquid 
protosulphide of phosphorus poured upon it, drop by drop, tall the carbonate of sodium 
is sbgbtly impregnated with the liquid tluoughout The tube is then closed with a 
cork, through whioh a gas-dolivery tube passes, and immersed m a sand-bath, to such 
a depth that the level of the sand may be a little above that of the salt within the tube; 
The sand-bath is raised to a tomperiiture sufficient to maintain the water in a vessel 
placed beside the tube in a state of constant ebullition On withdrawing the tube 
from tlie sand from time to time, it is found that the mass first turns yellow without 
fusing, and afterwards assumes a red colour, which eomraences at the bottom, and 
gradually extends itself upwards, inoreasing at the same time in intensity Abovq 
the saline mass there is deposited on the sides of the tube, a Spontaneously inflam- 
mable Bubhmate of phosphorous anhydride, formed at the expense of tho an; already 
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contained in tie tube, and of that whicli enters slo-vrly and insensibly tTirongh the gas- 
delivery tube. As soon as the red colour ceases to spread any fiirtlier, the tube is vrath- 
draivn from the sand-bath and loft to cool When perfectly cold, it must be scratched 
•with a file, a line or two below the upper limit of the red tint, then broken at that 
point, and the two ends immediately thrown into water, as the surfaceB of the saline 
mass would take fire instantly on coining in contact with the air. The water dissolves 
out a quantity of sulphophosphite, phosphate and carbonate of sodium, while a red 
powder is left behind. This is to be well washed with cold water previously &eed 
from air by boiling, and then left to diy on the filter placed upon filtering paper to 
absorb the moisture The powder thus obtained is the red hemisulphide of phosphorus. 
To insure success in the preparation, it is necessary to use the exact proportions of 
alkali and sulplude of phosphorus required, and to avoid the application of too great 
a heat. If the quantity of protosvdphide is too small, phosphorus is set free , and when 
it IS too great, other red compounds are produced containing less phosphorus. If the 
temperatura rises too high, the mass bladcens without fusing; the phosphorus reduces 
the earhonic acid, and a quantity of charcoal is obtained, impregnated with phos- 
phorus and mixed with phosphate, metaphosphate, and persulphide of sodium. 

Bed Bubsulphide of phosphorus is a erystalhne opaque powder of a beautiful 
deep vermillion-colour. It has neither taste nor emell. Heated in a small dis- 
■tillatory apparatus filled with hydrogen gas, it volatUises without fusing, and con- 
denses in the receiver as coloiu'less bquld subsulphide, but this change does not take 
place till the temperature is raised above the boiling point of the latter. Pure nitrio 
acid of density 1'22 has no action on this compound at first; but, after a certain time, 
the Bubsulphida dissolves suddenly and with great violenca By less concentrated 
nitric acid, it is not attuokod without the aid of heat. 

Frotosulphlde, P’S. — Salp/iohypophospJicrto acid ^jKsulfidepJiosphorique, Zfn- 
ierplmpfionges Sidfid. Phoapkorsiufiir o. Oolourlessliquid modification. — 
Prepared by fusing together one atom of sulphur and two atoms of phosphorus, in the 
same manner as in the preparation of the subsnlplude. 

It IS a transparent, yellow, strongly refractive liquid, not very mobile , has a strong 
and repulsive odour, rccallmg that of phosphorous acid and of chloride of sulphur. 
It may bo distilled without alteration in an atmosphere free from oxygen It is 
oolourfess in. the gaseous state. At a certain number of degrees below 0° it solidi- 
fies and forma a colourless mass of small interlaced crystals, but its crystallising 
uomt is loiyer than that of the subsulphide. It fumes in the air and is lumiuous in the 
dark , like-wiso emits light when vaporised m nitrogen or hydrogen gas free from 
oxygen. It adheres strongly to dry solid bodies : if a small quantity of it gets attached 
to the fingers, it cannot be removed by water, even vrith the aid of soap, unless the 
skin he previously rubbed with oil It takes fire easily in the air at a slightly elevated 
temperatore, burning -with a bright flame, hka that of phosphorus, ana emitting a 
thick smoke. It does not take fire spontaneously whan a drop of it is let fell on a 
solid body, but when absorbed by a porous body and exposed to the air, it soon 
becomes heated and takes fire. 

Decompositions. — 1. When protoaulphide of phosphorus evaporates slowly in a con- 
fined space (as a bell-jar) flUed with moist air, whioh Is slowly but continually renewed. 
It is converted by oxidation into sulpbnnc and phosphoric acids, which are deposited 
in the form of aqueous solution on the aides of the vessel and around the hquid itself. — 
2. In n limited atmosphere of dry air slowly and continually renewed (as in a glass tube 
imperfectly closed by acork) itis gradually converted, in the course of throe weeks, mto 
phosphorous anhydride, which forms a white mass in the upper port of the tube, and 
takes fire on removing the cork, — ^persulphide of phosphorus (p 606), which oiystalhses 
at the bottom of the liquid,— and a brown substance, which collects on the sides of the 
tube, in a layer of continually increasing thickness, and is resolved by digestion in 
water, into phosphone and sulphuric acids, and hydrated suboxide of phosphorus. — 
8, Placed in a tube imperfectly closed by a cork, and heated in a sand-bath, it is con- 
verted into a white, spontaneously inflammablo mass, consisting, for the most part, of 
phosphorous anhydride — 4. Water has hut very httle action on this liquid. Under 
de-aerated water it may he kept almost unchanged, in water containing oir it omits 
after a while the odour of sulphydric acid, and deposits finely divided sulphur. — 6. With 
alcohol, ether, and oils, both fixed and volatile, it behaves like the subsulphide. — 6. It 
is decomposed by digestion with caustic edkalis, the products being a phosphate, sul- 
phydrate, and polyaulphide of the alkab-metal. — 7. When it is heated gently m'eontaet 
■witli a, metallic sidphide in an atmosphere free from oxygen, great heat is evolved, and 
a considerable portion of the liquid distils over with almost explosive -violence • at the 
game time a snlphobypophosphite of the metal is produced in' winch the sulplude of 
phosphorus exists in the red modification. — 8. On digesting this compound with 
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metallic solutions, sulpMdes of the metal containing TCriaWe cptantiiiea of snlplioliypo- 
snlplutB are slowly deposited, the variation in thn results arisina from oxidation of the 
phosphorus at the expense of the metallic solution, the quantity thus oxidised depending 
upon the temperature and the concentration of the solution. Ecom solutions of easily 
reducible meMs, such us silver, nothing but a sulphide of the metal is precipitated. 
Coppvr gives a precipitate of Bulphohj-popliosphitc. Witli ammomaeal solution of 
cuprous chloride, a dark-red precipitate is obtained, resembling cuprcms oxide. 

j8. Eed Modification. Obtained by decomposing sulphohypopho^hite of man- 
ganese with hydrochloric acid; 

Mn"S.P»S + 2Ea = Mn"01* + H*S + P‘3. 

It is an orange-coloured powder, induimg to yellow, tasteless and inodorous ; 
unalterable both in air and water By dy distUlataon it is converted into the liquid 
protosulphide, without previous fusion. It assumes a darker colour when heated, but 
regains its original tint on cooling Takes fire in the air at a temperature near 100°, 
and bums with, a very bright flame, emitting a thick smoke. 

When it is digested in excess of strong causbe poiash at ordinary temperatures, 
phosphoretted hydrogen gas of the less inflammable variety is disengaged, and the 
alkah dissolves small quantities of phosphoric acid and trisulphide of phosphorus. On 
the apphcation of hea^ the whole is dissolved, mdding the same products as the liquid 
modifleation (p. 600). Canstio ammonia dissolves it, hut not without great difficulty, 
forming a yellow solution. 

Sulphohjfpofliosphiiea, M‘S.P‘S or MPS.— Protosnlphide of phosphorus unites 
with motallio; sulphides, forming compounds analogous to the selemohypophosphites 
(p, 598). They may be formed, as above mentioned, either by precipitation or in the 
^y way , but the latter method affords much purer products than the former. 

Oupno salt, Cu'P‘S‘ = Cu''S.P‘S.— To prepare this compound, precipitatedsulphide of 
copp6r,(itiedby gentleheatingiu astream of sulphydne acid gas, fs moistened with liquid 
pvotosulphide of phosphorus in a tube having two bulbs blown on it On applying a 
gentle heat, combination takes place attended with great nse of temperature, and the 
greater part of the excess of protosnlphide distils off. the rest may be expoUed by a gentle 
neat. The remaining ouprio sulphohypophosphite is a black-brown mass yielding a 
lighter powder by trituration, and usually contauiing a little admixed sulphide of copper. 
It dissolves slightly in boiling bydroobloric acid, and is oxidised and dissolved by nitro- 
munatio acid By distillation, it gives off a small quantity of hquid protosulphide of 
phosphorus, then, at an incipient red heat, a sulphide of phosphorus contaimng a largo 
proportion of sulphur, leaving liver-coloured cuprous sulphohypbphosphite, 
Cu‘S.P‘S or Cu'PS. Tills latter compound cannot he obtamed by direct combination 
in the diy way. It is produced, however, by the action of the liquid protosulphide on 
an ammomaoai solution of ouprona ehlonde. It is not altered by gentle ignition m a 
dose vessel , hut when heated m contact with the air, it buius without flame, giving 
off sulphurous anhydride 

Ferrous salt, Pa"S.PS = Ee'T‘S‘ — Prepared m the same maimer as the euprio 
salt, using artifloiaUy prepared sulphide of iron m the state of fine powder. It is 
a coal-black powder generally contain^ a little sulpbophosphite of iron 

Manganous salt, !&i"P*S‘ = Mn"8.P%. — Prepared like the copper-salt It is green, 
lighter than manganous sulphide, is completely dBoomposed by dry diatiUation, and 
bums in the air with a strong phosphorus-flame. It is decomposed by hoiHng 
hydrochloric acid, manganous sulphide dissolving, and protosulphide of phosphorus 
remaining in the red modifleation 

MereiiHo salt, Hg'BP'S. — Finely divided cmnahar nnites at a gentle heat with 
protosulphide of phosphorus, and after the excess of the latter has been removed by 
disbllation in a stream of hydrogen, there remains a dingy red mass, yielding a yoUow 
powder It is easily decomposed by a stronger heat, with liberation of metallic mercury 
and foi-mation of a yellowish-white powder (p 603) A hasio salt, 2Hg"S,P‘S, is 
obtained by heating merciirie sulpbophosphite (p 608) in a retort. 

Silver-salt, AgPS or Ag'S P‘S Formed when spongy silver (obtamed by reducing 

the chloride with silver m the wet way, exhausting the mass with cold hydrochloric 
acid, and washing with water) is treated with protosnlphide of phosphorus at a gentle 
boat Combination then takes place with some violence, and snlphohypophoaphite of 
silver is fjjrmed, together with a higher sulphide of phosphorus, winch must be removed 
by distillation in a stream of hydrogen. The silver-sulphohypophosphite may also he 
obtained, mixed with a large quantity of silver-sulphide, by warming the latter, recently 
' precipitated, with hqmd protosulphide of phosphorus, and freating the mixtm'8 with 
warm nitric acid, winch dissolves only the uncombined sulphide of silver. The com- 
pound is black, but yields by trituration a dark brown powder with a tinge of violet. 
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By diy distillation it becomes semifluid and swells up strongly, the sulphide of phos- 
phorus passing over and the sulplude of silver remammg. The compound is scarcely 
attacked by hot nitiio acid. 

Trttosul^phide of Phosphorus , — ^This substance, which maybe regarded 
as a compound of the hemi- and proto-sulphides, (P^S + P^S = 2P“S) is prepared os 
follows. Precipitated sulphide of zino is treated with liquid protosidphida of phos- 
phorus, as in the preparation of sulphohypophosphita of copper, whereby it is con- 
verted, first into yellow sulphohypopliosphite of zinc, and aftorwai'ds into a red 
compound consisting of (Zn"S.P'‘S).(Zn"S.P®S) ; and on treating this compound with 
strong hydrochloric acid, sulphide of zinc dissolves, and the tritosulphida of phos- 
phorus remains in the form of a bright red powder, tasteless, inodorous, and pe rmanent 
jn the air. It takes fire at about fiO®, burning with a phosphorus-flame. ATien sub- 
mitted to diy distillation, it first turns black, then distils without previous fusion , the 
distillate contains the two liquid sulphides P*S and P*S, perhaps combined with one 
another. Gold potash-ley decomposes the compound, with evolution of the less in- 
flammable variety of phosphoretted hydrogen. 

, Seaqulaulphlde of Pbospboms, P‘S". — ^This compound is produced by heating 
1 at sulphur with 2 or more atoms of amorphous phosphorus, and may he freed from ex- 
eoss of the latter by solutioa m sulphide of carbon, whence it orystaUisEB in yellow right 
rhombic prisms of 81° 30'. It melts at 14,2° to a reddish mass, and sublimes at 260° m 
forms belonging to the regular system ' hence it is dimorphous. It is more soluble in 
sulphide of carbon than sulphur; slightly soluble lu trichloride aud sulphoohloride of 
phosphorus; dissolves also, but irith decomposition, in alcohol and ether It is perma- 
nent in the air at ordinary temperatures, audm cold water, and is hut slowly decomposed 
by hot water. Heated in the air to about t00° it takes fire. It dissolves in cold dilute 
nitric acid, leavmg a little sulphur , completely in nitromuriatic acid and in ohlorine- 
water. It dissolves in sulphide of potassium or sodium, probably forming definite 
compounds It is decomposed by aqueous potash, giving off hydrogen aud phosphoretted 
hydrogen, and formmg sulphide and phosphito of potassium. Heated to 200° with 
hydrate oHead it forms sulphide of lead. (Q. Lemoine, BiiU Soe. Chim. 1864, [1] 407 ) 

, Trlsulpbtde of Fhospborns, P^S’‘.—8ulphopIiosphorous aoid. Phosphorous 
sulphide. Sulfide phosphoreiKs. Phosphorsififid.—Tli&emsKd. by Serullas, who ob- 
tained it by the action of sulphydrio acid on trichloride of phosphorus, but did not 
farther examine it. Berzelius prepared it by thefollowingmethods 1. Had proto- 
sulphide of phosphorus is mixed with the quantity of sulphur required to convert it 
into the trisulphide (1 at. P=S to 2 at S), and the nuxture is boated in a small retort. 
The heat evolved at the moment of combination is so great, that a small portion of tho 
mass is volatilised with violence. Tho whole then Sisea uniformly, and ultimately 
sublimes in the form of a transparent erystalluie substance of a pale lamon-yeUow 
colour. If the distUlatiou be interrupted before the whole is volatilised, the un- 
sublimed portion retains a reddish colour while hot, but on coohug acquires the same 
colour as tlio sublimed portion. — 2. One atom of sulphohypophosphite of manganese is 
intimately mixed with 2 atoms of sulphur, and the mixture heated in a small retort m 
an atmosphere free from oxygen, tiU nothmg hut protosulphido of manganese remains ; 
ti'isulphide of phosphorus is then obtained in the form of a subhmato : 

Mn"S.P'S + S* = M:d"S + PW. 

If a sulphohypophosphite be employed, the base of which does not so readily give 
up its sulphur-acid— the silver-salt for example— only half of the trisulphide of 
phosphorus sublimes, while the rest remains in combination, in tho form of snlpho- 
phosphite of silver. 

Kekuld (Ann. Ch. Pharm. xe. 310) prepares this compound by carefully fusing 
amorphous phosphorus with the requisite quantity of sulphur in an atmosphere m 
carbonic anhydride ; combination then takes place without explosion, hut nevertheless 
with great rise of temperature, so that part of the product is subhmed. 

'Ensulphide of phosphorus is a sobd substance, of a pale yellow colour. After fusiou 
or sublimation, it remains soft, hke plastic sulphur, and does not become opaque till it 
hardens. It melts at 200° (Lemoine) and sublimes at a temperature below the sublim- 
ingpomt of sulphur. When heated in the air, it burns with a whitiah-yellow flame, and 
diffuses a thick smoke. In moist air, it decomposes rapidly, becoming white aud assum- 
ing an acid reaction, in consequence of the formation of phosphone acid at the same 
time it acquires a hitter and hepatic taste. Tins decomposition in tho air tSkes place 
so rapidly that the substance can only he preserved in vessels hermetically sealed. 
The uusnblimed reddish trisulphide decomposes in the some way. 

Trisulphide of phosphorus is rapidly dissolved by the fixed caustic alkalis and by 
ammonia. Tho solutions have a pale yellpw colour, and when treated with acids yi?ld 
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a light, flocoulent, and nearly whits precipitate, which falla down slowly, and has a 
yellow colour when collected m a mass : this precipitate may be washed and dned 
Trisulphide of phosphorus in this state is less ramdly decomposed by exposure to the 
air than that which has been fused or sublimed. It is uncertain whether the difference 
thus produced by the influence of an alkali deponds upon an isomeric modifleation. 
Trisulphide of phosphorus is easily dissolved in the cold hy earhonata of potassium of 
sodium, but deposits sulphur at the same time — a proof that decomposition takes 
place. 

Sulfhofhosjihites , — 1 atom of trisulphide of phosphorus unites with 2 atoms of 
a metallio protosulphide, forming salts having the eomposition 2M?S.P’S“ .= 
and 2M"S.P^S“ =■ according to the alumioity of the metal. These compounds are? 

produced, together with &ee trisiuphide of phosphorus, hy triturating the correspond- 
ing sulphohypophosphites with the requisite quantity of sulphur: 

2(M’aP»S) + S* = 2M«.P‘S” + P=S’. 

They are also formed hy heatmg protosulphide of phosphorus with metallia poly- 
sulphides, just as oertam lower oxides of metalloids are converted by heating with 
metalhc peroxides into higher oxides of an acid character, which then mute with the 
bases formed by reduction of the peroxides Many snlphopbospbites are decomposed 
by heat, giving off trisulphide of phosphorus, and leaving the metallic sulphide, 

Ouprio SuipJio^hosphte, Ou’P®S* = 20a"S.P®S’.— Produced hy precipitating an' 
ammoniaeiil solution of ouprio sulphate with soda-hver of sulphur, and treating the 
washed precipitate (CuS®), after drying in vacuo, with liquid protosulphide of phos- 
phorus. Combination then taJces place, attended with evolution of heat, and the excess 
of protosulphide may be expelled lu a stream of hydrogen. The ouprio sulphophos- 
phite then remains as a dark yellow powder which burns with a phosphorus-flame 
when heated in the ajr When subjected to dry distillation, it givesoff sulphur and leaves 
a dark brown basic cuprous sulphohypophosphite, 2Cu*,S P*S. 

Fm'ous Sidphophosphtf, P"e*P’S' = 2P6"S.P®S’. — Obtained hy moistening finely 
divided iron pyrites (PeS’) in a bulb-apparatus 'with liquid protosulphide of phos- 
phorus, and applying a gentle heat After the excess of the protosiUphide has distilled 
off, the sulphophosjjhite remains as a dark yellow mass, having a famb metallio lustre. 
It dissolves in boiling hydioehlorie ueid, and decomposes in contact with moist air, emit- 
ting the odour of sulphydno acid. By dry distillation it gives off sulphur, and leaves 
the blaok-brown compound, 2P6''S P’S. 

Mcrouno Sulphophosphiie, Hg’P’S* = 2He"S P’S’,— Produced by heating the cor- 
responding sulphohypophosphite in a retort naving its neck closed by a cork, to about 
the boiling point of sulphur, A black mass then sublimes, containing numerous 
globules of mercury, and mercuric sulpbopbospbite romaiiis, as a yellowish-wbile mass, 
yhioh at a higher temporatiu'S is resolved mto basic mercuric sulphobypophospbito and 
tnerourio sulpbophospbata 

2(2Hg"S,P’S») =. 2Hg"SP’S + 2Hg"S,P’S'. 

SulphophosphU of Silner, Ag'P’S" = 2Ag’S.P’S’— Produced by heating finely 
divided silver with phosphorus and sulphur in an atmosphere of hydrogen, the combi- 
nation taking place with great violence. The product after being heated forms a grey 
lump, yielding a light yellow powder. Nitnc acid decomposes it easily, and dissolves it 
without separation of sulpliur. 

PentasuIpUlde of Phospliorus, V^.—8ulp/iophosp7iono add. Phosphoric Sid- 
plade Sidfide phosphoriqw. Phosphorspcrsidjid. — ^This compound, analogous to phos- 
phoric oxide or anhydride, is produced ■ 1. By direct conihmation, when anlphur and 
phosphorus are heated together above 100° in an atmosphere free tom oxygen With 
ordinary phosphorus the combination is attended with a very violent and dangerous 
explosion, hut when amorplious phosphorus is used, no explosion takes place, though 
great heat is ei olved. — 2 By heating 1 at. solid protosulphide of phosphorus with 4 at. 
sulphur, in an atmosphere free tom oxygen. The act of combination is attended with 
a sudden disengagement of heat, by which a portion of the substance is rapidly sublimed; 
hut thereiis no explosion or production of hght — 3. When 1 at sulphohypophosphite 
of manganese is heated with 4 at sulphur, the pentasulphide sublimes at a gentle heat, 
leaving protosidplude of mangaueset Sulphohypophosphite of silver heated with 4 at. 
sulphur yields sulphophosphate of silver, while half of the pentasulphide of phos- 
phorus suhhmes. — 4. Pentasulphide of phosphorus is likewise formed when the 
liquid protosulphide is heated in a cturent of sidphydric add gas. A pale liquid distils 
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over, wliicb. is a solution of the pentasulpludo in the liquid protosulphido, and yields a 
small quantity of the fonner in raystnlline scales 

Pentasulphide of phosphorus is of a pale yellow colour, like the trisulphide, but 
crystallise?. "When it is subhmed veiy dowly aud in such a manner that it can form 
isolated ‘cjystals, these crystals are transparent, and appear perfeotlj' colourless when 
thin ; their faces are deeply striated. "When the liquid pentasulphide is distilled, it 
assumes a orystallirie form in Bolidi:fying, and is then easily detached from the glass. 
"When solidified by sudden cooling, it does not crystallise, but forms a mass, sometimes 
yellow and transparent, sometimes whitish and opaque. When obtained by fusion from 
the red protosulphide of phosphorus, it does not erystalliae on cooling, unless it he 
first sublimed. After being fused and heated to the hoihng point, it has a deeper 
colour, like that of sulphur. Its boiling point is higher than that of sulphur, and tho 
colour of its yapaur is a less intense yellow than that of sulphur vapour, wlien heated 
in the air, it hums with a pale phosphoric flame, and difihses a large quantity of smoke. 
In moist air, it is decomposed almost as easily as the trisulphide, and transformed 
into a white mass impregnated with phosphoric add. 

Sulphophosphaies. Pentasulphide of phosphorus dissolves in caustic alkalia’ 
and in ammonia, forming pale-yeUow solutions, &om which adds precipitate sulphur 
with abundant evolution of sulphydric acid. It appears as if no alkahno snlphophos- 
phate could exist in contact with water. The carbonates of potassium and sodium 
slowly dissolve the pentasulphide in the cold, producing at the same time an abundant 
deposit of flakes of sulphur On heating the liquid to about 60®, the sulphide of 
phosphorus dissolves with violence, and inodorous earbonio auhydrido is evolved • no 
deposition of snlphim takes place. Wlien boded, the Hqmd evolves carbonic anhydride 
and sulphydric acid gases together 

SulpluipJiotphaie of poiamnm is obtained iu the dry way, mixed with trisulphido of 
phoaplioruB, by passing phosphorotted hydrogen over the heated compound 
(H. Eose) The colourless salt thus produced is soluble in water, but is decomposed 
thereby, yielding sulphydric acid and phosphate of potassium 

The neutral sulphophosphates of the heavy metals have the composition = 

2M'SJE”S* amdogous to that of the pyrophosphates. They are produced by heatmg 
basin aulphohypophosphites with the correspondiug quantity of sidphur • 2M'^ P^S + 
S* = 2M"S.P’Sh ■VlTien heated they behave like the sulphophoaphites, many of 
them giving off uudecomposed pentasulphide of phosphorus, and leaving a pure metalho 
sulphide : e. g. the zinc, manganous and ferrous salts , others are decomposed by heat 
into auljihur and a residue of eidphohypophosphite. The sulphophosphates are per- 
manent in dry air, hut in moist air they exhale the odour of sulphydric acid. When 
heated ui the sir, they hum with a phosphorus-flame ; but few of them have been 
specially examined. 

The mprio salt CulP’S’, obtained by gently heating the compound 2Cu''S P*S with 
4 at sulphur, has a pale yellow colour, but if too strong a heat has been applied in 
its preparation, part of the phosphono sulphide goes off and a basic sidphophosphata 
Ca’P’S'.6Cu''S remains behind. 

The meroune salt is obtained by the dry distillation of mercuric sulphohypophos- 
phito or snlphophosphite. The former, if somewhat strongly heated in a retort, first 
gives off metallic mercury, and then yields moroimic snlphophosphite, which sublimes 
in trauspoxent, highly lustrous, pale yellow needles If on the other hand the sulpho- 
hTOOphosphito he vo^ gently heated for a considerable tune, so that mercuric sulpho- 
phosphite may he first formed, and this salt be then heated to subhmation, a subli- 
mate of pure mercuric sulphophosphate is obtained in red shmiug crystals very much 
hko emnabar, but of somewhat hghter colour and yielding a brown-yeUow powder. 

Alcoholic Sulphophosphates. — ^Atriethyhe eulphophosphate, (C“H=}*PS< = 
30“H*S.FS', analogous m composition, not to the pyrophosphates, but to the normal 
orthophosphates, has been already described (p. S93). 

Sulpboxyphosphates, M’PSO* or SWPO.P^S’O* and M®P®S’0“ = 3M"0.PS"0“ 
(W' urtz, Ann. Oh. Phys. [8] xx, 472) — Snlphoxyphosphate of sodium is obtained by 
tho action of caustic soda-sohitiou on phosphoric ^phoehloride : 

PSCl* + 6 NbBO = N^"PSO“ + SNaCl + 3ffO. 

When the materials are put into a retort, and subjected to the boat of a wata'-bath, 
ebidhtion takes place, and part of the sulphochloride distils over into the receiver; and 
when the whole of the siUphochlonde has disappeai'cd, and thu hqmd is allowed to 



PHOSPHORUS : SULPHOBEOMIDE. 605 

cool, it gener,illy forms into a solid crystaHino mass' this is to ha drained, and tlio 
crystals purified by repeated solution in water and erystaUisation. The soda must he 
in excess, because the &6e acid in solution is readily decomposed into phosphoric and 
sulphydnc acids : 

H=PSO» + H»0 ~ BPS + HTO*. 

Sulphoxyphosphate of sodium is readily soluble mhoffing water, and oi^stallises on 
cooling in brdhant six-sided tables. The solution hae a strong altaline reaction. 
Chlonne, bromine, and iodine decompose it immediately, with separation of sulphur 
and formation of disodio orthophosphate. The weakest acids added to the solution 
liberate aulphoxyphosphorie acid, whieh is immediately decomposed on boiling. 

The sulpnoxyphoapnates of harvum, atronthm, and caleium are insoluble ; the ntcM~ 
and cohalt-salis turn black on boding ; the lead-aaU is white when newly formed, but 
turns black in a few hours from eeparation of lead-snlphide. 

Ethyl-avlplioxyphoaplwi~ic or Mhyl-evlphoplwaphono acid, (C®H“)H“PSO“, produced 
by the action of alcoholic potash or soda on phosphoric sulphochloride (Cloez), and 
diethyl-avlphophosplionc imd, (C®H®)*HPSO”, by Uie action of pentasnlphide of phos- 
phorus on alcohol (Garins), have been already described under pltoaphoric ethera; 
also certain ethyl-phosphoric ethers m which 2 at. oxygen axe replaced by sulphur 
(pp 691-693). 

Persulplilde of Fbosptaorua. This compound, which may he obtained by direct 
combination of its elements, was first recognised by Dupr6, who assigned to it the 
formula P*S*. Berzelius afterwards gave the formula The cause of this groat 

^ffeionoe has not been ascertained. 

When 1 pt. phosphorus is fused with 1 pt. or more of sulphur, the mass separates 
on cooling into hquid protosulpHde and crystals of the persulphide The best mode 
of obtaining the persulphide regularly crystallised is to dissolve 1 atom of sulphur in 
I atom of liijuid protosulphide of phosphoins by the heat of a water-bath, And then leave 
the vessel, carefully closed, to cool in the bath. The ciystals thus obtained are few in 
number, but considerable size, yellow and shimng, and frequently present numerous 
facets, hko those of native sulphur. Some ore deavable in the direction of the laminee. 
They axe impregnated with protosulphide of phosphorus, which adheres to them 
obstinately, and causes them to emit slight fumes 6om the surface of a recent fracture 
To free the crystals from the protosulphide, they must be dried, reduced to small 
pieces, and placed between folds of bibulous paper under a bell-jar, and by the side of 
a small dish oontaining water, the edge of the bell-jar being slightly raised by the 
insertion of a small piece of wood to allow of the renewal of the air within it. In this 
manner, the protosulpHde adhering to the crystals is converted into phosphoric acid, 
sulphuric acid, and persulphide of phosphorus. Some time elapses before the ohangs 
is complete j butaooner or laterthoodourof the protosulphide disappearsentirely. The 
crystals axe then to be washed and dned over oil of vitrioL 

The crystals thus obtained may be exposed to the air for a long time, without dimi- 
nution of the lustre of the c^staUme facets , hut after a wlule, they redden litmus 
paper when placed upon it. In a stoppered bottle filled with dry air they may be 
preserved for any length of time without alteration They frise at a temperature near 
the melting point of splphur, and then distil over without sepaiation of protosulphide 
of phosphorus. The distdled product does not ciystalhse, but remains soft long after 
cooling. If the persulpHde, when subjected to distilktion, is not quite free from pro- 
tosulphide, an explosion takes place on the application of heat, axismg from the forma- 
tion of pentasulphide. 

The persulphide dissolves in caustic alkalis, behaving like a mixture of anlphur and 
protosulpHde of phosphorus, and forming phosphate, hyposulphite, and persnfoHde of 
the alkali metal By fusion at a gentle heat, it may be made to take up an additional 
quantity of sulpbrn-, (B erzelius ) 

PHOSFBOBUS, BU^FHOBROialDE ' OP, I>8Br». (Baudrimont, Bull, 
fioc. Ohim. 1861, p. 118.)— Produced 1. By the action of dry sulphydric acid gas on 
the pentahromide- 

PBr" + H^S = PSBr" -► 2HBr. 

2. By distilling a mixture of pentahromide of phosphorus and sulphide of antimony: 

' ‘ 3PBri + BHS* =. 8PSBr» + 2SbBr>. 

3, By direct combination of 1 at. tribronude of phosphorus with 1 at. sulphur. 

It is a sohd, yeljowish, very dense mass, which fumes i* the air, has a nauseating 
odour, IS partially decomposed by heat, and slowly but completely by water. 
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PHOSPHORUS : SULPHOCHLORIDE. 


PBOSPHOBxrs, STrLPBOCB]:.OBIBE OF. PS01‘.— This compound, the 
analogue of phosphoric oxychloride, was discovered by Serullas (Ann. Oh. Phjs. [2] 
xUi. 25), who obtained it by the action of sulpbydric acid gas on the peutaoUloride . 
PGP + IPS = 2HC1 + PSCP. 


The product is purified by distillation. 

It is likewise formed, together with other products, by the action of pentachlondo of 
phosphorus on various metallic sulphides (W eber, p. 614), and by that of sulphur on 
the pentaehloride (W6hler and Hil'Ier). Q-ladstone (Chem Sou. Qu J, iii. 6), 
by molUug 3 pts. pentachlonde of phosphorus with 1 pt. sulphur, obtained a colour- 
less liquid boihng at 100°, and apparently coiisistmg of POPS’, or, according to Schiff 
(Ann. Oh. Pharm. ci 309), of PtoSOP, 

According to Bandrimont (Bid! Soc. Chim 1861, p. 117), the sulphochloride is 
most easily prepared by the action of pentaeliloride of phosphorus on trisulphide of 
antimony: ^ gj,.g. ^ gSbCl* + 3PSCP. 


About 80 gems. of phosphorus is converted into pentachlonde in a large flask; the flask 
is then taken out into the open air, its neck surrounded with a wet cloth, and 116 
grins, of antimonions sulphide gradually added, with frequent agitation, till all the 
pentaehloride has disappeared and a slight excess of antimonious sulphide is present 
The resulting liquid, wfuoh is hot from the violenee of the reaction, is then decanted 
into a dry retort and distilled at 126° to 136°. To purify the distillate from ohlonde 
Of antimony, pentaeliloride of phosphorus, and chloride of arseuic (resulting from, 
arsenic in flie sulphide of antiniony), it is cooled to a low temperature and agitated 
with a dilate solution of sodram-sulphido The cMorosulphide of phosphorus is thou 
separated from the alkaliue liquid by a tap-funnel, carefully dried by chloride of 
oalomm, filtered through asbestos, and finally distilled from a dry retort. The product 
amounts to 120 grms. 

Sulphochloride of phosphorus is a ooloiitless, rather mobile, oily liquid, having an 
intensely pungent odour, aromatic when diluted , the vapour irritates the eyes strongly. 
Sp gr = 1631 at. 22° Boiling-point 124-26° (Baudnmont) ; 126—127° 
(Cahours).- Vapour-density = 6 963 at 168°, 6 879 at 244°; 6 878 at 298° 
(Oahours); calc (2 vol.) = 6-932. The vapour burns with difficulty 
The sulphochloride is slowly decomposed by water, yielding phosphoi-io, hydroehlorio, 
and eulphydrie acids, and fumes slightly in moist air. It is decomposed by hot mine aetci 
When heated with aqueous causiia aVcalU, it is converted into a salt of sulphoxyphos- 
phorio acid H."PSO’ (Wiirtz, p 604). With alcohol it yields ethyl-sulphoxyphos- 
phono acid (CfH‘)HTSO’ (p. 691). With aqueous flMJnoiiia, it forms sulphoxy- 
phosphamio or thiophosphamio acid, an acid which may be derived from sul- 
phoxyphospbone or thiophospnonc acid by the substitution of NH’ for HO , or if the 
ammonia is very strong, or if ammouia-gas acta on the snlphoohloride first and water 
afterwards, the product is sulphoxyphosphodiamio or thiophosphodiamio 
acid, derived in like manner from thiophos^orio acid fay the substitution of 2 at 
NH’ for 2 at HO , thus - 

PSCl* + SH’O = SHOl + PH»S0». 

ThlophosiJhortc 

PSOH + NH» + 2H’0 = 3HC1 + P(NH')H’SO’. 

Tiilopliosphumic 


PSCl* + 2NH’ + H’O 


SHOl + P(NH’)HSO 

Thlophosphtdiamlo 


Dry ammonia-gas appears to act on sulphochloride of phosphorus by removing 
2 atoms of ehlorina and leaving 2 atoms of amidogen m their place ; thus . 

PSa‘ + 4NH» 2NffCl + P(NH’)’C13. 

The latter compound has not yet been separated from the accompanying chloride of 
ammonium; but supposing it to be formed, the production of thiophosphodiamie acid 
from it by means of water may be supposed to take place as shown by the equation -. 

PS(NHyCl + ffO = HCl + r(NH’)’HSO 
(Gladstone and Holmes, Chem. Soc. J xvui 71; see TmorHOSPHAJiio Aoros — 
Schiff (Jahresh 1867 p. 99) supposes that sulphochloride of phosphorus is converted 
by dry ammouia-gns into std-ammoniac and sulphophospbotriamide, according to the 
equation : 


' NH'Ol + 2HC1 H 


4HH» 
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and by anilino in like maimer into hydrochlorate of ajnline and snlphophosphota- . 
phenyltnamide ; but these results have not been established by analysis. _ 

With acetate of potassium the ehlorosnlphide appears to yield sulphide of acetyl. 
(Baudnmont.) 

FKOSPROKTTS, T&Xi^bTntlSB OP. When pulverised tdlnrium is heated with 
phosphorus, part of the latter burns away, while another portion melts with the tellunnm' 
to a black amorphous mass, which gives off fumes of pho^horous anhydride in the am 
even when the tellurium is in large excess. (Oppenheim, Jahieab. 1867, p. 214.) 

PKOSPHOauB-BASSiB, OBOATSTIC. Fanl Th&nard in 1846 and 1847, hy 
acting on heated phosphide of calcium with gaseous chloride of methyl, obtained several 
compounds, which may ho viewed as phosphides of hydrogen having the hydrogen more 
or leas replaced by methyl, vis 1 4. spoutaneoualy inflammable fetid liquid, (C1H*)*P, 
analogous in oompoaitiou to the liquid phosphide of hydrogen, H'P, and to cacodyl, 
(0H“)^A3. — 2. A spontaneously inflammable gas, CH*P = (CH“)H’P, analogous to 
methylamine, and forming a sohd compound wifli hydrooblorie acid. — 3 A mobile 
strongly basic liquid, C*H“P => (GH?)“P, analogous to trimetliylanuno, and boiling at 
40° — 4. A yellow non-volatile solid, CH“P* analogous to the solid phosphide of 
hydrogen, HP’, produced, together with the liquid compound (8), by the continued' 
action of hydrochloric acid gas on the first-mentioned compound, ((5H“)’P,— These 
compounds were, however, but imperfectly studied by their discoverer : for the mode of 
prepai'ation above mentioned was dangerous, and did not yield them m quantity sufS- 
oient for satisfactory investigation. Moreover, at the time of their discovery there were 
but few bodies known with which they could be naturally tonnected, the ammouia. 
bases not having been discovered till afterwards ; consequently they did not at the 
time excite the attention which they really deserved. 

A few years later Cahours and Hofmann (Compt. rend, ili 881; Chein Gaz. 
1858, p. 11), by a similar mode of proceeding with phosphide of sodium and iodide of 
methyl, obtained the compounds (CH'PP, (OH“)*P and (CH’)-TI, the latter being a 
crystalline compound analogous to iodide of tetrametbylammonium , andBorl6(J pr. 
Chem, Ixvi 78), by acting upon phosphide of sodium with iodide of ethyl, obtiuned the 
compound (0’H*)’P as a yellow strongly fuming liquid, which when heated with 
iodide of ethyl yielded the oryataUiue iodide (C’H“)''PI. But this mode of preparing 
the phosphorus-bases is also difficult and dangerous, inflammable and dotonatiug com- 
pounds being formed, and complex products obtained, which are very difficult to 

e phosphorus-bases contiiiniug 1 and 2 atoms of alcobol-radide are but little 
known, as no method of obtaining tiiem in a pure state has yet been discovered ; but 
those derived from phosphine, H’P, by the substitution of 3 atoms of alcohol-radicle 
for 3 atoms of hydi'ogon, may bs obtained pure and in any required quantify by sub- 
jecting the zino-compoimds of the alcoliol-radicles to the action of tiucbloride of phos- 
phorus in an atmosphere of carbonic anhydride. Zinc-ethyl, for examplo, treated in 
this manner yields chloride of sane and triethylphosphine : 

2PC1’ -I- 3Zd"(C’H“)’ = 3Zn"01’ + 2(C*H»)»P. 

The triethylphosphine remains combined with the chlonde of zinc, hut may be liberated 
by distillation with aqueous potash, which couveirlB the chloride of ziuo into chloride 
and zincate of potassium i 

3Zn"Cl’ 2(0’H“)»P + 12KHO = 2(0’H‘yP + 3E;’Zn"0» + 6KC1 + 6H’0. 

Triethylphosphine and trimethylphosphine (the only two compounds of 
this type hitherto examined) are volatile strongly alkaline liquids, which unite readUy 
with acids, forming erystallisahle and for the most part very soluhle salts 'Wann 
treated with the iodides oimonatomio cdcohol-radzcles, mey yield orystaUine iodides of 
monophoaphoniuma, of the typeB^PI, analogous to iodide of tetrethylnmmoniiim, 
and these iodides, when decomposed by moist oxide of silver and by silver-salts, yield 
the hydrates and salts of the corresponding monophosphoniums, e. g tnetbylphospbine 
treated with iodide of ethyl yields iodide of methyl-triethylphosphonium (GH“)(C’H“)’PI, 
which is converted by moist oxide of silver into tbe hydrate, ; by 
nitrate of silver into the nitrate of methyl-triethylphosphoninm, (CH’)(C*H“)’P.NO“, &o. 

Numerous compounds belonging to these types have been prepared and examined 
by Hofmann and Cahours (Phil. Trans. 1857, p. 683, Chem. Soe Qu. J. xi. 66; 
Ann. Ch. Pharm oiv), and further by Hofmann (Phil. Trans.; Ghom. Soc. Qu. J. 
xui. 289; Ann. Ch. Pharm Snppl i, 2). 

Triethylphosphme and trimethylphosphine mute with diatomic alcoholic hromxdes, 
chlorides, &c , m the proportion of 1 or 2 at. of the phosphorus-hase to 1 at. of the 
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diatomio aflier; thus trietliylpliospMno forms mth bromiie of ethylene, tha two com. 
pounds aloohoKe solution of the latter of 

these compounds, the whole of the bromine is removable by nitrate of silver, whereas 
fiioni the former only half the bromine can be thus removed. Hence Hofmann regards 
the latter compound as dibromido of ethylene-hexothyl-diphosphonium, 
£(C“n*)' ; the former as bromide of brom ethyl-trieth ylphos- 

phonium [(C’H^Br)(C=H“)“P]Br; *. e. as bromide of tetrethylpho.sphonium m which 
1 at hydrogen is replaced by bromine. (See Ammonium-basss, 1. 197 ; also Ethyibot- 
iASES, 11. 593.) 

The last-mentioned compound is susceptible of several remarkable transformatione. 
— o, It is resolved by Acai into hydrobromio acid and bromideofvinyl-triethyl- 
phosphonium, i;(C«H”)(C*H‘')”I*]Br. 

B. “When treated in dilute solution with hydrate of silver, it gives up aU its bromine 


^ »H»)*Pr 

ethylphosphonium,^*^"^'^^^*^^^ ^h|®’ akange consisting in the replacement 
of the bromine by an equivalent quantity of peroxide of hydrogen. 

•y. By bofling for some time with, aoetate of silver, it is converted into acetate of 
vinyl-triethylphosphonium : 

[(C»n‘Br)(0*H‘)‘P]Br + 2AgC»H»03 = [(0^»)(0''H‘)>P]C®H»0» + C>H‘0= + 2AgBr. 

5. Itunites’— a. With 1 at. irkthyl- or trimithyl-phomhine, forming dibromide of 
othylene-hexethyl-diphosphonium, [(C'‘H'‘)"((5‘H®)'T”]"Br’, and ethylone- 
triothyl-trimethyl-diphosphonium, [(C'*HV‘(t'*S!'),°(OH®)®P’]"Br®. 

h. With 1 at. am‘monia,eihylamme,‘meihylamine,diethylamine,&;o,,iovmnig the dibro- 
midas of ethyleno-triethyl-phosphammonium, r(C!*H^)"(O^E‘)*H'‘PN]Br“ : 
ethylene-totrethyl-phospliammonium[(0'‘H'‘)"(C’H‘)‘H“PN]"Br*; othylone- 
triethyl-methyl-phosphamm onium, [(C*H'')"(G‘H‘)s(OH®)H“PN]Br* , ethy - 
lene-pentethyl-phosphammonium, &o. 

c. With inethylarsme, (C’'H")*Afl, yielding dibromide of ethylene-he 
phospharaonium, [( C*H*)''(C*n‘)'’PAB] "B 


ethylene-hezethyl- 


Trimethylphosphme is acted upon in a sumlar manner by dibromide of ethylene, 
yielding the compounds ^Q2«®p| “d &om which similar derivatives 

may be obtained 

All these compounds have been discovered and investigated by Hofmann (Phil. 
Trans. 1860, pp. 449, 497 , Chem Soo. Qu. J. liv. 78, 816 , Ann, Oh. Pharm, SuppL 
i. 2, 146, 177, 306). 

The dibromides of methylene, tn^lene, tctrylone, amylene, and benzylene likewise 
r«iot in a similar manner with triethylphosphino, but the resulting compounds are 
difflcult to separate, and have not been much examined. 

BiWtly, atriphosphonium-eompound, namely, tri-iodide of formyl-enn- 
othyl-phosphonium [(CH)"'(C*H®)“P*]'"I‘', is produced by the action of iodoform 
on triethylphosphine, (Hofmann, Proc, Boy. Soe. x. 189; xi 290.) 


I. Mohophosphihbs akb Mokophosphoniums 
a. Methyl-compounds. 

Trlmethylpliosphlne, (CH’)“P.— This base is produced by the action of trichloride 
of phosphorus on zme-mothyl, the process being conducted in the manner to be here- 
after described for the preparation of triethylphosphine (p 609). As the base is ex- 
tremely volatile, the stream of hydrogen in Which it is distilled must be very slow, and 
the receiver must be kept at a low temperature. . ’ 

Tmuethylphosphine is a transparent, colourless, mobile hquid, heavier than water, 
having a strong refracting power, and an indescribably nauseous odour, and boiling 
between 40° and 42°. It is insoluble m water. Its solution in hydroclilorio acid 
yields, with chloride of platinum, an orange-yellow indistinctly crystalline nrecinitate 
2(CH“)*£[PCl.PtCll^ whnih is easily decomposed at 100°. ^ ’ 

Trimethylphoqihme, hke the corresponding arsines and stibines (i. 340, 398), unites 
with 2 at. of a monatomic element CL Br, &c., and with 1 at. of a diatomio dement 
0, S, &c. ’ 

The oxide, (CH’)TO, is produced: — 1. By the dmect oxidation of trimethylphos- 



TRIETHYLPHOSPHmE. 


609 


phine. This, substftiicp has a very powerful attraction for oxygen, fuming and some- 
times taking fire m contact with tlie air. On distilling it, even when recently prepared, 
the neck of the retort becomes covered in the last stage of tie operation, with a beauti- 
ful network of crystals of the oxide; they may readily be obtained in larger quantity 
by exposmg the base to a slow current of dry air.— *2. By the action of heat on the 
hydrate of tetramethylphosphonium, marsh-gas being given off at the same time. 

(GH“)*PHO =. (CH»)»PO + OR*. 

The selemde, (QH®)’PSe, obtamed by the action of sdoninm on trimethvlphosphme, 
erystaUises like the ethyl-compound (p. 6131, molts at 84°. Ineontaetwith thearrit 
blackens, with separation of selenium, and gives off the odour of mesitilone (iii, 930). 

The sulphide, (GH’)®P3, is obtained by gradually adding flowers of sulphnr to an 
ethereal solution of trimethylphosphme, or by distilling tnmethylphosphine with oin- 
nabar. It is not produced by treating the oxide with sulphydnc acid or sulphide of 
ammonium CrystaUisoa from a highly eoneentrated aqueous solution in masses of. 
well-formed fonr-sidod prisms, whieli melt at 106°. (Hofmann and Oahours.) , 
Tetramethylpliosphonlim, (CH“)*P — This base, like all others formed on the 
ammonium-type, is not known in the free state 

The ^odlde, (OH“)<PI, is obtained by the action of iodide of methyl on an ethereal 
solution of trimethylphosphme. It is a white crystalline mass winch, when recently 
prepared, exhibits the silveiy lustre of sublimed naphthalene, and assumes a slightly 
reddish colour in contact with the air Treated with oxide of advet, and water it 
yields a very caustic solution of hydrate of tetramethylfJmphomum. 

The gold-salt, (CH*)*P01 AuOl* — Obtamed by mixing the solution of chloride of 
tetramethylphosphonium and trichloride of gold, crystalliaea ftom boiling water in 
brilliant yellow needles. 

PlaUmm-salt, 2(0H'')^P01 PtOP — ^The solution of the oxide mixed with hydrochloric 
acid and tetrachloride of platinum, yields a platmnm-salt, which is insoluble in alcohol 
and ether, but crystallises ffom water m hoautiflil octahedrons, (Hofmann and 
Oahours.) 

0, Ethyl-compounds. 

Trletbylptaospblne. CH^P = (C’H*)’P. — Formation. 1. By the action of 
trichloride of phosphorus on zinc-ethyl ^Hofmann and Oahours. p. 607). — 2. By 
the action of phosphide of sodium on iodide of ethyl (BerU, p. 607> — 3. CrystuUme 
phosphide of zinc heated with iodide of ethyl m a sealed tube to 170°— 180°, yields 
zmo-iodide of telrethylphosphonmm, 2(0®H‘)'PI.Zn"P, which, when distilled with 
potash, yields triethylphosphine (Oahours, Ann. Oh Pharm cxii. 228, cxiii. 192; 
Jahresb. 1869, p. 432, 1861, p. 687).— 4. When a mixture of zinc, phosphorus, and 
dry ethylio iodide is heated m a seded tube to 160° — 160°, there is produced, together 
with zine-ethyl, a mixture of lodozinoate of trietlwlphosphonium, 2(C’‘H’)*HiPI.Zn'T“, 
iodozineate of tetrethylphoaphoninm, 2(0'*H“)'*PI.Zn"P, and a compound of zine- 
lodide with oxide of tnethylphoephme, (C“fi‘)“P“O.Zn"P. Those compounds are 
separated by their different degrees of solubility m water, the first-mentioned being 
the least and the second the most soluble. The first yields triethylphosphine when 
treated with potash in the cold, the third yields it when heated with solid potash; 
while the second does not yield it when treated with potash either m the cold or with 
aid of heat, (Hofmann, Cham Soo. Clu. J xm. 291 ) 

Preparation. — A tubulated retort/ is joined to a receiver e (fig. 738) which in its 
turn IS connected with a wide glass tube d, bent at an angle of about 130° and acting 
like a second receiver. The angle of this tube is filled with trichloride of phosphorus, 
and the tube is connected with a large cyhnder o, which is snpphed by a suitable 
apparatus, a, h, with dry carbonic anhydride As soon as the carbonic anhydride has 
expelled the air from the reservoir, tube, reeeivor, and retort, an exit-tube from the 
reservoir, up to that tune closed by a caoutchouc cap, is opened to let out tlia carbonic 
anhydride, the evolution of which is maintahied during the whole operation Tiie 
tubulatnre of the retort is now connected with the copper digester in which the zme- 
etliyl has been prepared; and as soon as the retort has received a charge of tUa 
ethereal solution of zmo-ethyl, there is fixed mto the same tubulatnre a dropping 
apparatus, consisting of a glass globe g, with a tubulature and stopper at the top, and 
terminating below m a glass tube m which a stopcock is fitted. This apparatus is 
filled with^tnchloride of phosphoms, and by appropnatoly adjustmg the stopcock and 
opemng or closing the stopper of the glass globe, any desired flow of the hquid can be 
maintained with the greatest nicety However slowly the trichloride may be added, 
and however well, moreover, the retort and receiver may be cooled by water or ice, the 
action is nevertheless so violent, that all the ether, and with it a large quantity of the 
Von. lY. E B 



■whioli greedily absorts every trace of the former compound. This fluid valve, 
asoendmg and descending in the tube, m necoidance with the progress of the reaction, 
regulates the function of tlie apparatus so perfectly, tliat the operation, which always 
fakes several hours, continues by itsolf when once begun Sometimes the absorption is 
so violent that the trichloride of phosphorus in the tube is sucked back into the 
receiver, but oven then uo loss is to be feared, since the tube is connected with the 
reservoir flUed with carbonic anhydride. The first drops of trichloride of phosphorus 
which fall into the solution of zinc-ethyl, hiss like water when coming in contact with 
red-hot iron The action becomes by and by less violent, and as soon as an evolution 
of heat IB no longer perceptilile, the operation is terminated There remain m the 
retort, m tlie receiver, in the bent tube, and sometimes oven in the earbonio aoid 
reservob, two hquid layers, — the one a heavy, pale straw coloured, thick liquid, the 
other a transparent, colourless, mobile hquid fl.oatrag on the former 
The upper hquid IS a mixture of ether and tnoUonde of phosphorus; the lower, 
which usually solidifies on cooling, is a eorapound of triethylphosphine inth chloride of 
zinc, and, from this, after the upper layer has been decanted, the phosphorus-bose may 
be separated by distillation with potash. For this purpose it is mixed with water, the 
retort is flUed with hydrogen, and strong potash-ley is allowed to flow slowly mto it. 
On distilling the mixture m a slow stream of hydrogen, the triethylphosphine passes 
with the aqueous vapour, and floats on the condeused water in the receiver. It is 
separated by a tap-funnel, dried over sticks of potash, and rectified in a stream of dry 
hydrogen (Hofmann and Cahours,p. 607; Hofmann, Ohom Soo. Qu, J. xui. 290 ) 
Properties. — Triethylphosphine is a transparent, colourless, mobile, strongly refract- 
ing liquid. Specific gravity, 0'812 at 16° Boils at 127 6° imder a barometric pressure 
of 0744 mm. Its odour is penetrating, alinuat benumbing, but still not disagreeable, 
and in a diluted state, resembles that of the hyaemth. Long-continued working with 
this substance produces heud-aebo luid slcoplessness. When recently prep.ired, it is 
without action on vegetable colours, but if exposed to the air for a few seconds, it 
shows a constantly increasing acid reaction 
Scactions. — 1. Triethylphosphine is quite insoluble in water, but diasolves in all 
proportions in alcohol and ether — 2 It unites slowly with aoids, forming mostly 
crystallisnble, but extremely soluble and deliquescent salts, which may be regarded as 
salts of triothylphosphomum- e.g (C»H“)“P.HC1 = (C'‘ff)»HP.Cl. 

3 Tnothylphospbine rapidly absorbs osggen from the air, and is converted into the 
oxide, (0'‘H‘)*P0 In pure oxygen gas it ofteu takes fire and decomposes, emitting 
dense white fumes of phosphoric anhydride. A. mixture of oxygen gas and vapour of 
triethylphosphine explodes with violence when heated. 

4. With sulphur and selenium, trietMphosphine unites directly, forming the crys- 
talline oomponnds, (C*H*)“PS and (C”H*)''PSp , also with sviphtdo of carbon, forming 
beautiful red crystals of the compound 2(C'‘H“)“P OS*. The formation of this compound 
takes place so readily that triethylphosphine and siilplade of carbon act as extremely 
delicate tests one for the other. Thns, if a liqmd containing free triethylphosphine (or 
ti'imsthylphosphme) he poured into a watch-glass, and tlie vapour of the earbonio sul- 
phide allowed to flow upon it from an inehncd bottle, the watch-glass soon becomes 
covered witli a beautiful network of the red crystals If the phospliorus-base is 
present in the form of a salt, it must first be bberatod by .adding a drop of potash 
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Conversely, trietliylpliosphuio may tie very advantageously used for detecting small 
quantities of carbonio sulphide, as in the most volable fcaetions of coal-tar naphtha, 
and m coal-gas (i 777). 

6 When triethylpliasphma is poured into a flask containing eMonne, every drop 
takes fire, mth formation of hydroehlorie acid and phosphoric chloride, and separation 
of eharco^ If however the action be moderated, crystaUme compounds are formed. 
It also unites directly with iodine and bronune, the comhinabon hemg attended with 
great evolubou of heat and sometimes with inflammabon. — 6 In eyanogen gas it 
soUdifles to a brown resin. ' 

7. Dibrorrade of ethylene and its isomer, bromide of bromethyl, unite with 


. , . ... , . „ 

chlorinated chloride of ethyl act m a similar manner — 9. Si-iodide of ethylene however 
acts in a difierent manner. When brought into contact with dry tnetuylphosphine, 
it forms, generally with explosion, ethylene gas and iodide of triethylphosphine, and 
with aleohohe triethylphosphine it forma a cryataUine mass generally consisting 
of hydriodate of triethylphosphine 

10. When triethylphosphine is heated with ethyho cUoracetate, C®ff(C^H‘)C10’, 
rmiced with an equal volume of common ether to moderate the acbon, a sticky mass is 
formed, which on addibon of pUtmic chloride, forma the crystalhsuble chloroplabaate 
of triethyl-oxethttcetylphosphomum, “'slogous to the ammonium- 

base produced in like manner from ehloraoebe ether and triethylamine (ii 563). 
(Hofmann, Proo Roy Soe. id. 626) 

Triethylphosphine unites with sidphooyanate of allyl (volatile oil of mustsi'd), 
forming allyl-taethyl-sulphoosihophoqihamide, 15; and with sidphocyanate 

of phenyl, forming the analogous phenyl-compound. The sulplwoyanaies of methyl, 
ethyl, amyl and ethylene, on the contoaiy, do not unite directly with tnethylphosplune, 
hut undergo decomposition, yielding sulphide of triethylphosphine and a cyomde of 
a phosphonium. With sulphoeyanate of ethyl, for example, the reaction is, 

(C“H»)CNS + 2(02H“)’P = (C»H')»P3 + [(C«H*)‘P]ON ; 


and with sulphooyanate of ethylene • 

+ 4(C*H‘)’P = 2(0®)>PS + [(C«H<)"(C’H')"P*]'0’‘N*. 

11. The cdooholic oyanates, on the other hand — the cyanates of ethyl and phenyl for 
example— neither oomhiue with triethylphosphine, nor are decomposed by it, but 
merely undergo a moleonlar bansformabon, being converted by contact with it mto 
crystalline cyanurates. Cyanic and napour passed through triethylphosphine yields a 
wldte deposit of oyanurio acid. 

12. Trtethylphosphino and mercaptan mixed together in an atmosphere of oarhonio 
anhydride, do not act on one another even at 100° ; but if air has aooess to the 
mixture, crystals of sulphide of triethylphosphine' ore gradually formed, the result 
being duo to the oxidation of the toethylphosphme at the expense of atmospheric 
oxygen, and the subsequent conversion of the oxide into sulphide, according to the 
equation : 

(0*H=)=PO + CiiH«3 = CWO + (C2H»)''PS 


It is only, however, at the instant of formation of the oxide that this reacbon takes 
place , for ready termed oxide of triethylphosphine and mercaptan brought together 
under the most varying eondibons of pressure and temperature do not yield a trace of 
sulphide of triethylphosphine, 

13, Sulphide of mtrugen (p. 109) is decomposed by triethylphosphme, gas being 
evolved, and a yellowish liquid formed, which on cooling sobdiflas to a fibrous mass 
of crystals of sulphide of triethylphosphme. 


Compounds of Triethylphosphme. 

CHnoBiDti, Beoiode, Am Iodidb op TmBTHXLPHOsPHim. — Oxide of triethylphosphme 
wh( n treated with hydrochloric, hydrohromio and hydriodie acids, is oonvertett mto the 
corresponding chloride, bromide, and iodide, (C‘H‘)“P01®, dee., which closely resemble 
the oxide m thoir general properties. They are liqmda which gradually solidify m the 
exsiccator ; the crystals fuse at 100° and be^ to volabJise, although their boihng 
point is very high. The compounds of triethylphosphine with chlorme, bromine, and 
lodme may also bo obtamod by the acbon of these elements m aqueous or aleohohe 
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s upon tlie pliotpliorus-biiSD itself. Botlx metliods, however, fwmsh products 
ra difficult to purify. 


TnethylphoBplune fornia crystalline compounds -with h^drooldonc, hyirohronm, 
hydnoMc, sulphtinc and nitno aoids , hut they can he obtained in the diy state only 
by means of iho exsiccator. 


^ QUororilaUnatCy 2[(G=*II*)®P H:Cl].Pt*^Cl'' — The solution of tlie base in hydroehlone 
acid forms mth platmie chloride a crystallino double salt, which is sparingly soluble 
in cold-water, insoluble in alcohol and ether 

lodostncate, 2[(G=iI“)'T HI ].ZnT — The product fox-mod by heating dry iodide of 
ethyl with zinc and phosphorus to 150°— 160° for sovcral hours (p. 609), forms -witli 
warm water a solution which when loft to evaporate deposits an oil which crystallises on 


phosphme when treated -with potash even in the cold (Hofmann). When crystallised 
phosphide of zinc is heated for some time with iodide of ethyl to 170°— 160°, and the 
product is exhausted with alcohol, an alcoholic solution is obtained, which, when left to 
evaporate very slowly, deposits, together with iodide of tetrothylphosphonium, beautiful 
tablets of the lodozmcnto of Uiethylphosphiue. (0 a h o u r s, ) 

Oxide of Tiiii!Tirn,pnosKiiiNE, (G*H’)*PO —This compound is produced : 1. By the 
direct combination of tiiethylphospliuie with &ee oxygen. ^ The bass has, indeed, so 
strong an affinity for oxygen that it cannot be distiUod without oxidation except in 
an atmosphere of hydrogen In the preparation of triethylphosphine by the process 
above described (p 609), a quantity of tlie oxide always accumulates in the residues 
left after distilling the zmc-olilonde compound with potash , and these residues may bo 
advantageously iisedfor preparing the oxide. On snbj eoting them to diatfllation, part of 
the oxide distils over witli the aqueous vapour, wlulo the rest passes over only in tho 
subsequent dry distillation of the saline residue The distillate, which is im aqueous 
solution of the oxide, is concentrated as much as possible over the wator-biith, -with or 
without addition of hydrochloric acid, and the oxide of trietlwlphosphnie is separated 
as a supernatant oily layer by the addition of solid potash. It is dried by leaving it 
for 21 hoin-s in contact with sticks of potash, and then redistilled, the first portions 
which are watery, being rejected, and the receiver changed as soon as the distillate 
begins to solidify. 

2 By gently heating triethylphosphine with oxide of mercury or oxide of silver. 
Considemhla evolution of heat then takes place, the metal is reduced, and oxide of 
triethylphosphine separates in oily drops or sometimes sublimes in radiated crystals. 
It also separates m oily drops when triethylphosphine is hoiled with strong nitrifi acid, 
and potash is added to tho highly concentrated liquid. 

8. By the action of heat on hydrate of tetrethylphosphonnun ■ 


(CW)-'PH.O = (C*ff)TO + C“H“. 

On Buh3eoting this compound to distillation, water passes over first, then hydride of 
ethyl is given off with strong intiiraeseence, and at about 200°, oxide of triethyl- 
phosphine distils over ns a viscid liquid, eoliditjnng in the nsok of the retort towards 
the end of the operation (Hofmann and Cahonrs.) 

4, By decomposing the clilorozinoate of tetrethylphosphonium, 2(C“H')^PCl.Zn"CB, 
with solid potash and a siiinU quantity of water Ajj oil smelling of triethylphosphine 
(probably hydrate of totretbylphosphonium) then ooUeots on the surface of the strong 
potash-icy, and when subjected to distillation yields the oxide (Pobal, Ann Oh. 
Pharm. cxx. 19 1). — 6 By the acbon of heat on hydrate of oxethyl-tnethyl-phosphonium. 
(Hofmann.) 

(C^*0)(C°H»)«rHO = (0»H»)>PO + G=H‘ + H°0. 

Oxide of tnetbylphosphine erystalhses in white slender needles often several inches 
long, permanent in dry air, hut dohqueseing rapidly in moist air. It melts at 44°, 
and solidifies at the same temperature (Hofmann); melts at 62 9°, and solidifies at 
42° (Bebal). Bods at 240° Vapour-density 4 6° (Hofmann), by calculation 
(2 vols 1 = 4 669. It dissolves in all proportions in v)ater and in alcohol, but is less 
soluble lu ether, on evaporating the aqueous or alcoholic solutions, the oxide separates 
at first in the hquid form, and does not solidify till every trace of the solvent has been 
expelled , it is also precipitated as a liquid from the aleohohe solubon by ether, and 
from the aqueous solubon by potash. It dissolves readily in acids, and is converted 
by hydriodio or hydiobrotmo mud into the iodide of triethylphosphine, (0“^)'?!°, or 
the bromide, (C°H'‘)°PBi-°. 

Oxide of triethylphosphine forms crystalhne compounds with certain metallie 
salts 

a With Oujmo sulphite, 3(0°H*)’PO,Cn’'SO^— When crystallised cuprio sulnhata is 
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added to heated oxide of triethylphosphine, pai-t disaolvafl with deep green colour while 
another portion is separated as a hasio salt. The green solution turns blue on addition 
of a httle water, and when evaporated in vaouo over oil of vitriol, deposits the eom- 
poiind in green four-sided prisms which dehijuesce in damp air, yielding needles of 
oxide of tiiethylphosphme. The aqueous solution yields eiyslals of pure eupric sulphate. 
(Pehal.) 

With Tnchloride of Gold — This salt added to a concentrated solution of tho 
oxide throws down a deep yellow oil which erystaUises witli difficulty, and is soluble m 
water and m alcohol (Hofmann ) 

y. With Stannous chloride . — Oily compound which does not crystalliBe. 

S With Iodide of Zmo, 2(C'‘H")’PO Zn"P — Separates on mixing the two solutions 
as a crystallino precipitate, or as an oil which gradually solidifies in the crystaUina 
form , purified by rccrystalhsatioii from alcohol It forms monoclmic crystals exhibit- 
ing the combination ooPoo . [coPco] oP . ooP . [P®] . — P* Eatio of axes a : 
be — 0'9062 ■ 1 • 1 3312 Angle of inclined axes = 83° 13', coP <»P (orthod ) 
= 95° 18'; oiP® • ®P = 132° 21'; wP® oP = 96° 47', oP ®P = 04° 34', 
oP : [P® ] = 124° 24', ®P — P = 164° 8' Twins occur with oP as combination- 
face Lustre fatty on the faces, vitieous on the fracture Cleavage distinct parallel 
to oP and ®P. The crystals melt at 99°. 

OxYOKLoitiDB OF TiUBTHruHosPHiNB, (0“H“)^P®C1*0. — When dry hydrochlonc acid 
gas IS passed over fused oxide of triethylphosphme, shining crystals of the oxy- 
ohlonds aro formed which redissolvo in excess of the hydrochloric acid. If heat he 
then applied to drive off the excess of acid, there remains a very deliquescent crystalline 
mass, soluble in alcohol, insoluble in elher. The solution treated with platinio chloride 
forms a compound of that salt with oxido and chloride of triethylphosphme, aud when 
treated with iodide of ame, it generally yields a compound of amc-iodide with the oxide 
of tnethylphosphme, and only seldom with tho oxychloride. 

The platmmn-compound, 8(0'H‘)»P0 (C'H“)>PCP rt‘'CP, separates also imme- 
diately m the orystallma form when dry oxide of triethylphosphme is mixed with a 
saturated alcoholic solution of platmic ddoride By lecrystallisation from alcohol, it is 
obtained m large orange-red, six-sided monoolmic prisms, exhibiting the faces ®Pm , 
oP, tioP, V P® , -t-p Ratio of axes a : i . c = 0-6308 . 1 . 1'6776 Angle of 
inclmedaxes = 73° 42'; »P : »P (orthod) = 113° 22', oP . ®P® = 106° 18'; 
oP mP = 98° 62', oP : + Poo = 110° 12', ®P . +P = 160° S'. Cleavage dis- 
tinet parallel to +P® and ®P (Phil. Trana 1860, p 419) 

The aino-oompound, (C“H‘)*P-01’O.Zn''P, forms transparent colourless octahedrons, 
soluble in water and m alcohol 

Selbnidb of TaiETnYipHOSPHiOT, _(C’H*)’PSe. — Prepiu'cd, like the sulphide, by tho 
direct combmation of triethylphosphme with selenium ; the reaction, however, is leas 
powerful than with sulphur — Crystallises from water as easily as tho sulphide, but tlie 
solution IS apt to uudergo partial decomposition when exposed to the am Even the 
dry Crystals aro slowly reddened m the air Melts at 112°, and is easily volatilised 
With partial decomposition. (Cahours and Hofmann.) 

SoirHiEB OP TniiiTHYLPHoaPHiM, (0“H“)“PS — This compound is produced : 1, By 
the direct combination of triethylphosphmo with sulphur. Elowers of sulphm> ars 
gradually introduced into an ethereal solution of tnethylphosphine till a portion 
remains undiasolved, the hquid effervescing on each addition. The ether is then 
volatihsed, and the residuary mixtiu-e of the sulphide and free sulphur treated with 
boiling water, which dissolves the sulphide and on cooling deposits it m perfectly pure 
crystals. — 2. By distillmg triethylphosphme with emnahar, which is then reduced to 
mercurous sulphide or to metaUio mercury. — 3. By the action of triethylphosphme on 
sulphide of uitiogen (p. 611). — 4 By the decomposition of eorboanlphide of tnethjl- 
phosphine with water or silver-oxide. — 5. By the action of mercaptan on triethylphos- 
phine in presence of air (p. 611). 

By slowly cooling the aqueous solution, the compound is obtained m beautiful white 
needle-shaped crystals often five or six inches long These crystals are aix-sided 
prisms with pyramidal summits (system hexagonal), exhibiting the combination ooP . 
P, rarely with mP 2 Length of pnucipal axis = 0'8211. Angle P . P in the termi- 
nal edges = 143° 16'; in the lateral edges = 78° 9', P . «P = 129° 4' They ai’e 
optically positive, the index of refraction bemg 1 66 for the extraordinary, and 1 69 for 
the ordinary ray (Phil. Trans 1860, p. 423). Tho compound melts at 94°, and resoli- 
difies lt'88° When heated beyond 100°, it is volatilised and diffuses a white vapour 
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having a disagreeable sulphur odour, which is hut slightly perceptible at oommon teoi- 
peratuiea. 'When heated with a quantity of water not sufSoxont for its solution, it 
rises to the surface in the form of a transparent oil which is copiously volatilised with 
the aqueous vapour. 

Sulphide of triethylphosphme is instantaneously decomposed Tiy potassium oxsadmm 
with separation of tnethylphosphina 

It is much more soluble in hot than in cold water, only a small quantity remaining 
diseolved at ordinary temperatures It is still less soluble in cUlahne liquids. On 
adding an alMi to the oold aqueous solution, the mixture becomes turbid and soon 
deposits small erystids. On adding potash to the hoUing saturated aqneons solution, 
the sulphide instantly sepimatcs m oily drops, which, as the hqmd cools, rapidly solidify 
Into sphoiucnl aggregates of crystals. It dissolves even more readily in cdcohol and 
ether, and in disMphide ofearbm almost without hnut, from this solvent it does not 
orystaUise perfectly. 

The aqueous solution is without action on vegetahla colours , tho compound never- 
theless appears to possess weak basic properties It dissolves more readily in hydro- 
ciUonc aad, especially when concentrated, than in water, and the solution furnishes 
with tetrachloride of platinum a yellow precipitate, which however rapidly eaies"into a 
resinous mass, giving indications of decomposition by tho separation of platmio sulphide. 
The sulphide also dissolves in dilute rndplmnc and mtno acids, concentrated nitric 
acid decomposes it ; the fuming acid gives nse to a sort of detonation, Tho aqueous 
solution is not affected by acetate of lead, mtrate of silver, or mrcuno oxide, oven at 
the hoihng temperature , the alcohoho solution, on tho other hand, is instantaneously 
decomposed, with separation of the sulphide of lead, silver, or mercuy, 

OAiinosuxrnmB op TjiiBTiiTi,pnosMiiNB, (C‘H')T.CS’ = Triothyl- 

phosphine and disulplnde of carbon combine together with violenoe, forming a red 
crystalline mass. On mixing tho two substances in alcoholic or ethereal solution, tho 
compound immediately separates in red crystalhue laminie, which may be purified by 
recrystallisation fi’Om alcohol, and dried ovor oil of vitnol. It forms dark red mo- 
noounio prisms, in which the axes o ; 6 • o = 1 5970 1 0 9206 Angle b o = 
66° 49'. Observed faces coPoo , [ coP« ], oP, c»P, +P<». Angle ooP . ooP (orthod.) 
= 65° 19' , oP ■ coPoo = 123° 11' , oP : ooP = 119° O'; oP • + Pco = 132° 47'. 
Cleavage distinct parallel to [ roPoo'] and ooPoo (Phil Trans 1860, p. 428) It 
melts at 90° and votatihscs at 100°. Heated with water m a sealed tube to 100° for 
several days, it is decomposed, with formation of sulphide and oxide of trietliylphos- 
phine, hydrate of methyl-triothylphosphoniumj and carhonio disulphide, the latter 
being further partly converted by the water into carbonio dioxide and sulphydrie 
acid- 


4[(C»H‘)»P.CS2] + 2H«0 = 2(0»H')>PS + (C*H»)TO + (CH°)(C»H«)sPHO + 308'. 

The alcohoho solution boiled with oxide or nitrate of silver yields sulphide of tn- 
ethylphosphine together with metallio silver, sulphide of silver, and carbonic dioxide : 

(C'E»)>P OS’ + 2Ag'0 = (C'H»)»PS + Ag'S + Ag' + CO'. 

Carbosulphide of tnethylphosphine disaolies in strong hydrooKtono amd, but is 
precipitated by potash or ammonia without alteration. The acid solution forms with 
trichloride of gold and with tetrachloride ofplaiinmi, yellow amorphous double salts, 
which are iusoluhle in alcohol and ether, change colour and give off hydrodhlorio acid 
during drying. TheyitoinwB-saii = 2[(C'H“)'PCS'] H'CPPt'iOP. (Hofmann.) 

SoxPHOovANATB OP Tjubthylphosphomum, (0'H‘)’HIP.GNS = ([l'H'')'|p- Pro- 
duced _hy dissolving triethylphosphme in sulphoeyanic acid. When heated, it partly 
volatilises nndocomposed, but the greater part suffers decomposition, giving off sulphide 
and carbo-sulphide of tnethylphosphine, together with free earbomc dianlphide and 
leaving a brown ill-defined subatanee which gives off ammonia when treated with an 
alkali (Hofmann.) 


TetrethyjptaoBpIionlimi, (C’H*)<P. — Known only in combination. The hydrate, 
(G H ) P I .g obtained by the action of silver-oxide on the iodide, A strongly nlka- 
Ime, nearly inodorous hitter hqmd is thereby formed, which retains a little silver in 
solution, and dries up over oil of vitriol to a eiystalline, extremely doUquoseenCmass, 
the silver separating at the same time as a black powder, or us a brilliant raotallio 
min'or. This mass when ledissolved in water yields a colourless hqmd free from silver, 
but generally eoutaimng carbonic acid. The solid hydrate absorbs water and earbomc 
acid with avidity. 
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In its deportment with other substances, hydrate of tetrethylphosphomiim resembles 
hydrate of tetrethylammonium (iL 561), its solution reaetmg with metalhe salts, — 
lilce a solution of caustic potash ; but some of the precipitates, e. g alummi and zinc- 
oxide, dissolve less readily m excess of the phosphoms-base 

The hydrate is resolved by heat into hydride of ethyl and'oxide of triethylphosphine 
(p. 612). If however it has been exposed for some time to the air and has absorbed 
carbonic acid, a different decomposition takes place, the carbonate of tetrethylphospho- ^ 
uinm being resolved into triethylphosphine and carbonate of ethyl, which piasses over 
in the form of an inflammable aromatic hqnid, without any evolution of permanent 
gas: 

[(G’H=)<P]’GO= = 2(C=H“)T + (C>H'>)’CO". 

SaltsofTetrethylphosphonium — The hydivite dissolves m hydrochloric, mine 
and sulphuric acids, forming crystallisable deliquescent salts, soluble in alcohol but for 
the most port insoluble m ether. Tho hydroohloratc forms sparingly soluble precipi- 
tates with trichloride of gold and tetrachloride of platinum. The gold-iaXt, 
(G“H®) 'P AuGP, crystallises from boding water in shinmg yellow needles. The 
platinum-salt, 2(G^H‘) 'P PtGP, is a pale orange-yellow precipitate, sparingly soluble in 
boiling water, insoluble in alcohol and ether, not decomposing at 100°. ViTiea reory- 
stallised from boiling water, it forms regular octahedrons having their summits replaced 
by faces of the cube 

QMorozincak, 2(G*H*)U^Cl.Zn''Gl'' — Wlien oxycldoride of jihosphorus is added by 
drops to pure zinc-ethyl, a violent reaction is set up (explosive if an ethereal solution of 
zinc-ethyl is used), and a ooloiu'leas syrup is foimed which gradually sohdifies to a' 
vitreous mass, which is decomposed by water into gaseous hydride of ethyl, insoluble 
oxychloride of zinc, and a solution whidi when evaporated over od of vitnol yields the. 
chlorozinoate in oolomless transparent dimetno crystals 

4Zn’'(G*H®)2 + 2POGl» = 2(0’‘H»)<P01.Zu"Cl» + 2Zn"0 + Zn''Gl» 

The double salt is permanent in the air and easdy soluble in water. (Pebal, Ann. Oh. 
Pharm, oxx 198 ) 

Iodide, (0^H‘’)*PI — On mixing triethylphosphine with iodide of pthyl, a violent 
action ensues after a few moments, thehquid effervescing with almost explosive violence, 
and then solidifying in awhite crystalline mass If an etliereal solution of triethylphos- 
phine is used, tho crystals form more slowly. It is also produced by submitting 
hydrate of ethylone-hexethyl-diphosphomum (p. 621) to the action of heat, and nuu- 
trahsmg the alkaline residue (whieh contains hydrate of totretbylphosphoninm) with 
hydriomo acid. 

Iodide of tetrethylphosphonium crystallises m rhombohedral combinations (more or 
lees complex according to the mode of preparation) of the faces oE, 05 P 2 , E, — JE, 
fP2 The angles of these several faces m the terminal edges are as follows E • E =r 
83° 26', ^P2;^P2 = 127° 6'; §P2 • §P2 = 139°; -JE: -^E = 111° 46', E- 
oE = 120° 28' , oE . |P2 = 117°. Isomorphons with iodide of silver. (Plul. Trans 
1860, p. 533 , Jahresb 1881, p. 478) 

The iodide is very soluble in water, less soluble in alcohol, insolnhle in other The 
aqueous solution crystallises on addition of potash-solution, m which this compound, 
hke the iodides of tetramothyUmmomnm and tatrethylammonium (11 562 , lu 999)i 
is but shghtly soluble. Prom the alcoholic solutiim it is deposited on addition of 
ether, as a oiystallino powder If ether be added to a cold alcohoKo solution, as long 
as the precipitate fir‘>t formed is dissolved by boding; well-formed crystals of the iodide 
are deposited on cooling. 

ludozincaic, 2(C'H‘)*PI.Zn"P. — This salt, which constitutes the chief product of the 
action of ethyho iodide on erysti^ised phosphide of zino (p 609), forms beautiful 
yellowish crystals. (Cahours ) ‘ 

nsetbyl-trietbylphosplionlain, (OH'')(G»H“)“P.— The iodide, (0H")(0“H“)»PI, is 
produced by direct combination of metbyhoiodide with triethylphosphine. The hydrate 
IS obtained by treating the iodide with silver-hydratn, or by heating carbosulphidc of 
triethylphosphine with water (p 614). The aqueous solution mixed with hydrochloric 
acid and tetrachloride of platinum yields the platiniimrsalt, 2(GH”)(O‘H'')''P01 PtOP. 

Ettbyl-trlmetbylpbosphoqlnm, (C=H“)(CH«)»P —The iodide, (0>’H“)(CH»)»PI, is 
obtaineTl by adding iodide of etliyl to an ethereal solution of tnmethylphosphine, and 
pm’ifled by rea-ystallis,ition from boiling water. Tho hydrate, obtained by decomposing 
the silver-salt with silver-hydrate, yields with hydroehlorie aeid and tetraclilorido of 
platinum a platinum-salt, 2(C“H‘'XCIl'')“PCl.PtCP, crystalhsing in laige woU-defined 
octahedrons. . 
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y Ami/l-compounds, 

Trlmetbylamylpbospbonlunii C*H®P = (CS®)“(0'H“)P — The iodide, 
C3®H'“'PI, is deposited slowly fa>m an etheneal mixture of iodide of amyl and tiimetbyl- 
phosphme, It is extremely solulile in water, so that if the ethereal solution of iodide 
of amyl oontama only a trace of water, the salt separates in the form of a syrup which 
only gradually sohdifles. Jrom absolute alcohol it crystallises, though with difficulty, 
in needles. 

Chloroplatinate, 2(CH*)'(C'’H‘')PCl.PtCP. — The hydrate, formed from the iodide by 
means of hydrate of silver, yields with hydroehloric acid and tetraclilondo of platinum 
a very soluble phitmum-salt, which erystallisos feom hoding water in splendid needles 
aggregated m spherules. (Hofmann and Ouhonrs) 

Trlethylamylpbosphonlnm, 0'’H?"P = (C-H‘)®(G'H''‘)P, — Iodide of amyl acts 
but slowly on tristliylphosphine. An ethereal mixture of the two substances deposits 
in a few days beautiful crystala of the iodide C‘'H-“PI, which may be purified by so- 
lution in alcohol and precipitation by ether. 

The hydraie, obtained by treatmg the iodide with hydrate of silver, resembles the 
hydrate of tetrethylphosphoninm. When heated, it gives off a small quantity of in- 
flammable gas, probably hydride of ethyl, a liquid being also formed, which boils at 
about 280°, and appears to be the oxide of diethylamylphosphine 

(C»H“)"(C’H")PnO «. (C“H‘)=’(C’H")PO + O’H’.H 

Chloroplatinate, 2(C*H'')*(0'‘H")P01PtCl'‘.— The solution of the hydrate in hydro- 
chloric acid, deposits, on addition of tetrachloride of platmum, a beautiful platinum- 
salt, which crystallises in prisms with flat terminal planes. It is insoluble in alcohol 
and ether, hut rather soluble in water, 


J All^l- compounds. 

l?rIethyI-aUyIplio8phoiiIuin,C’H'"’P=(C®H")''(0*H®)P — Iodide of aUyl acts with 
great energy on triethylphosphine, forming a solid product which, when reorystalhsed 
fi'om alcohol, yields splendid needles of the iodide, (C’H*)\C’H*)PI The chloride and 
hydrate resemble the corresponding compounds of tetrethylphosphoninm The ohloro- 
platinaie oryetalhses readily m octahedrons The eulphocyanaie, (CPH*)“(0“E*)P,0NS, 
obtained by treating the hydrate witli sulphoeyamo acid, is easily soluble and orystal- 
lises with difficulty. (Hofmann, Phil. Trans 1860, 442.) 


Triethyl-allyl-snlpbocarbo-plioaptaonltridei C'°H‘°NPS 


(W«)»l^. 

C®H* F 


(Hofmann, Phil. Trans 1860, p. 439) — This base, metameiio with the sulphocyanate 
just mentioned, and formed on the carbamide or urea type, is produced by the dbeot 
oombination of 1 at. snlphooyanate of allyl with 1 at. trieth;^phospbine. The two 
bodies act on one another with great violence, forming a brown mixture which, after 
some days, yields brown crystals difficult to punfy. It is better to mix the two sub- 
stances m ethereal solution, a crystnUiue muss being then ohtiuned, which may be 
purified by washing it with cold other, and once reorystallising from boiling ether. 

This compound crystallises with great facility in colouiless, transparent, well-defined 
crystals, half an inch long. They arc monoehnic, exhibiting the faces oaPco , oP, 
t»P, +Poo, +2P«>, +iP E.itio of axes, a- ti o ^ 0 8321 • I • 0 3984 Angle 
of inclined axes, i,.o = 116° 16' Angle «P oop (orthod ) = 132° 27 , oP • <»P = 
99° 46', oP I ooPco = 116° 16', oP i-P« = 130° 28' j oP • + 2 Pm = 100° 64'. 
The crystals are less hard than gypsum; cleave easily and distmotly parallel to 
ooPoo and oP. (PhiL Trans 1860, 440 ) 

The compound is insolnhle in water, bnt easily soluble in alcohol, the solution 
having a faint alkaline reaction. , It melts at 68°, and sohdifles at 61°. At a higher 
temperature it decomposes, emitting a peculiarly repulsive odour, and yielding crystals 
of sulphide of triethylphosphine in eonsiderahle quantity It dissolves readily in hydro- 
chlorio aoid, and the solution mixed with platinio chlonde yields a light yellow scaly 
precipitate of a platinum-salt. 


C“H«N^P>S'PtCl« = 2[(0S)"(C>H*)''(0'H«)NP].ffCm‘’01<. 


e. Phenyl-oompound, f. 

(OS)' 

Trlefliyl-plienyl.BnlptaoearDo-pliOBplioi>ltTlde, = (C’H®)"^ 

C“H‘ F 

(Hofmann, Phil. 'Trans. 1860, p. 432), — This base, analogous in composition to the 
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allyl-compound jnst desonbed, is produced m Uko manner by the du’eet combination of 
triethylpliosplune with sulphoeyanate of phenyl, and likewise purified by washing with 
cold ether and orystalliaabon fyam boiling ether. The crystals are monoclmic, 
exhibiting the faces coP, oiPco , ( mPoo ), oP, with the angles ooP . ooP (orthod ) = 
91'^ 6', oP wF = 109° 60'; oP ; wPco = 118° 68'. The crystals are about as 
hard ns gypsum, and cleave distinctly parallel to ooPco , with fibrons cleavage parallel 
to mPoo This compound is honaffiomorphous with the preceding, also with thiobuma- 
niine or aUyl-aulphocarhdmide. 

The phenyhe phoaphonitrida melt i at and decomposes at 100° like the allyl- 
compound, emitting also an extremely repulsive odour The some decomposition, 
takes place gradually at common temperatures, and most quickly when the compound 
is heated to 160° — ^100° in sealed tubes. 

Tlio phosphointride is insoluble in vialer, hut soluble m aleoluil aud in boihng eiher. 
It dissolvee also with the greatest facility in acids, even when very dilute, forming, in 
many eases, easily crystallisable salts which are capable of double decomposition, and 
from which the base may be separated by careful addition of potash or ammonia They 
are however very prone to decomposition. Nitrio amd, even if extremely dilute, 
decomposes the compound, separating sulphoeyanate of phenyl, and converting the tri- 
etliylphosphine into oxide. The solution of the base in hydroMono aoid is more 
stable, but becomes milky when largely diluted with water, sulphoeyanate of phenyl 
separating out, and chloride of tnethylphosphonium remaining m solution. Aiiimitma 
added to the oouoeutrated hydrochloric solution, separates the base without deoorapo- 
sition, but if the dilute solution he boiled with ammonia, the turbidity perceptible at 
the commencement disappears again, and after a few moments, cvystalg of plienyl- 
snlphooarbamido separate, triethylphosphme bemg likewise set free • 

+ H'N ■= (C-H^P + 

PotasA^acts in a similar manner, excepting that it separates dipheny l-sulphooer- 


2 J + iKHO = K^S + KW + H'O + 2(C2H»)«P + CTO)«|n> 


On adding a few drops of cariomo dmilphde to a solution of the pheuylio phospho- 
nitride, the liquid becomes deep red, and on coohng deposits crystals of carhosulphide 
of triethylphosphine , aud the mother-hqnor yields, on evaporation, oily drops of 
phenyhe siuphocyanate 

Hj/drochlorah, 0'“H*'’NPf5.HCl — ^The solution of the phosphonitride in hydro- 
chloric acid solidifies on coohng to a i^stalline mass, which when reciystallised fi'om 
moderately warm water, yields splendid cadmium-yellow crystals often an inch long. 
Boilmg water decomposes it, and the dry salt likewise decomposes at 100° The sanie 
is the ease with all the other salts of the base: they must therirfore be dried in vacuo 
over oil of vitriol. 

The hydrobromate is analogous to the hydroehlorate in composition and in 
properties. 

The ahloroplatinate, 20'*H**NPSC1 PtCl<, Bepsrates as a hght-yellow oystaUine pre- 
cipitate, or from dilute solutions in somewhat better-formed crystals, often in lily-shaped 

(osr,„ 

Meiltyl-iadide, C>^H»NPS.CH»I = This compound is formed on 

OH» 


pouring iodide of methyl into an ethereal solution of the phenyhe phosphonitride, and 
separates immediately as a heavy oil which rapidly soUdifles into a crj stalline mass 
It IB soluble in boiling water, and separates on coohng in splendid golden-yeUow 

Methyl-oUoroplatinate, C^H^Nsp^S^PtCl" = 2(C'»H«>NP3 CH“C1) Pt'vCl* —The 
chloride obtained by treating the methyl-iodide with chloride of silver, yields on 
addition of platimc chlonde, an acicnlar platmum-salt having this composition, which 
may be r^crystallised ftom boiling water 

Methyl-hydrate, C»H“*KPSO =• C’-BPWPS Cff(HO) = (C=fff»(C«H*)lp— The 


iodide treated with moist oxido of silver yields a veiy eaoBtie alkatme liquid containing 
this hydrate, inasmuch as, when saturated with hydrochloric acid aud mixed with 
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platinio chloride, it yields the acicular platmnm-salt just described It is however 
easily decomposed . for on boihng, it emits the odour of phenyhc aulphocyanate, and if 
the boiling be prolonged bll this odour is no longer perceptible, addition of hydro- 
chloric acm. and plntinic chloride no longer produces the acicular platinum-salt, but in 
its place largo yoUow octahedrons are deposited on evaporation, consisting of the 
ohloroplatinate of methyl-tmothyl-phosphonium. 

. Benzyl-com'pound. 

Trlothyl-benzyl-pliOBplioJiium. The chloride, produced 

by heating triethylphosphiuo with chloride ofhonzylene, C’H“CP, to 120° — 130°; best 
in presence of alcohol: 

3(0“H‘)»P + C’H»Ca> + H»0 = (C’B?‘)"(C’H’)P01 + (C“H»)«HPC1 + (0»H»)«P0. 

The henzyl-phosphonium base, liberated by successive treatment with buryta, oxide of 
shver, and carbonic aeid, forms a strongly alkaline liquid, yicldmg a well crystallised, 
but very deKqiiescent iodide, and a sparingly soluble platmum-salt, which when recrys- 
talhaed from boihng water, exliibited the composition 2[(C''ff)®(C’H’)PCl]PtCP. 

71. Monophoaphoniums produced by the action of Diatomic alcoholic 
Brotmdes, Chlorides, ^c, on Trimethyl- and Tri ethyl ^phosphine. 

Bromethyl-trletbyl-phosplionluni, (C’H'‘Bp)( 0“H®)’P — The bromide of this 
radicle, C«H"’PBr’ ■= (C'>H'‘Br)(C*H*)’PBr, is produced, together with dibromide of 
ethylcne-hexethyl-diphosphonium, by the action of dibromide of ethylene on triethyl- 
phosphuie (pp. 608, 611); 

(C»H‘)*P + OWBr» = (0’ffBr)(C“H»)spBr 
and 2(C*H‘)’P + C»H‘Br» = (COT)"(C*H')‘'P2Br* 

The mixture becomes turbid at fii’st and madnally solidifies to a saline mass of the 
two salts , the action is accelerated by gentle heating. It is best to add the dibromide 
of ethylene to triothylphosphine mixed with twice its volume of ether in a flask filled 
with carbonic ^oxide and provided with im upright condensing tube As soon ns tbs 
liquid, on being heated with carbonic disulphide (p 710), gives no further indication 
of the presence of free triethylphospbme, the separated crystals are collected on a 
filter and washed with ether to free them from adhering dibromide of ethylene. To 
separate the two bromides (winch are accompanied by small quantities of oxide and 
hydrobromato of tncthylpbosphine) they are crystnUised tliree or four times from 
absolute alcohol, mixed for the last crystallisation with a little ether. The much more 
soluble diphosphomiim-bromide then remains in the mother-liquors, and the bromide 
of brometliyl-tnethyl-phosphonium is ultimiitely obtained quite pure and sometimes m 
separate well-developed crystals — 2. Bromiiinted ethylio bromide (CWBr.Br), acts 
upon ti'iethylphospbiae in a similar manner, butless energetically, and yields a smaller 
prwortion of the monophosphouium-bromide 

Bromide of bromethyl-triethyl-phosphonium orystallises in white, unotuous, miioh 
elongated rhombic dodecahedrons, very soluble in water and in aqueous alcohol, less 
soluble in absolute alcohol It melta at 236°, and decomposes at higher temperatures, 
giving offhydrobromio aeid. _ . 

Silver-salts added to a cold solution of this bromide, throw down only half the 
bromine, yielding salts of bromethyl-trietliylphosphonium whiob generally form double 
salts inth the excess of the silver-salt. On continued hoUing, however, the whole of 
the hromine is precipitated as bromide of silver, mth formation of a salt of vmyl- 
trletliylphosphonium (p 608) It is on account of the greater foree with which 
one-half of the bromine is retained, that the compound is supposed to contain a 
hrominatcd radicle For another view of the constitution of this and similar compoimds, 
see AinioimiM-nASES (i. 197). Bilver-osnde digested with bromide of bromethyl-tri- 
ethylpboaplionium, precipitates all the bromine, and forms a solution of hydrate of 
oxethyl-triethylphosphoniiim. Potash has no action on the compound in the cold , after 
prolonged boilmg it produces reactions which have not yet been examined 'Whon a 
solution of the bromide, acidulated with sulphuric aeid, is digested with granulated 
cine, bromide of tetreUiylphosphonium is produced 

(C=H‘BrXCFH“)>PBr + H* = (C'H°)<PBr + HBr. 

Bromide of bromothyl-triethyl-phosphoiiiuni unites with 1 at. triethyl- ov/rimcthyl- 
phospUne, forming dibromide of ethylene-hexethyl-diphosphoniiim or of ethylene-tia- 
methyl-triothyl-diphosphonium; similarly with 1 at amnwnxa, ethylamine, diethyl- 
aninc, mid trimsthylamme, forming dibromidea of phosphammoniiinis • e.g . — 
(0“ffBr)(C'H°)‘PBr + Nff = [(C°II‘)"(C-H“)*H»PN]"Br°. 
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TridhylmdUe alone note m a different way ; m presence of not perfectly dehydrated 
alcohol, it forms hromide of oxethyl-tnethyl-phosphomnm and hronude of triathyl- 

{G'‘H<Br)(C“H»)®PBr + (C“H")sN + H»0 =, (0'B:’0)(C»H»)"PBr + (C^a»)’HNBr. 
If water ho completely excluded, no action tokos place at 100°, and the products formed 
above 180° have not yet been examined 

CUonde of BroTiiethi/ldnethfl-phoaphmiu'm is obtained by digesting the bromide 
with chloride of silver It is very soluble in water and in alcohol, and only imperfectly 
crystalhaable The cMoro-anrate, (C“H'*BrXC'‘H*)“PCl.AuCl'‘, crystalhses from bmlmg 
water in light yellow needles slightly soluble m cold water. The chloroplatmate, 
2[(C-ir'Br)(G^H*XPCl]PtCl'‘, forms long monodinic prisms having an orange-yellow 
colour and vitreous lustre. The crystals are combinations of the faces ooPoo , [ ooPco ], 
coP, +Pk., -P«, [Pco], +P, -P, 2P2. Angle »P . ooP (orthod.) ». 91° 49’; 
coP • +P = 133° 45'; a.P 1 -P = 183° 3'; +P® • +P = 160° 37', -Poe . -P 
= 160° 14', 2P2' -P = 160° 63', 2P2 ; «.P = 141° 89' (Phil Trans 1860, 
p. 497). Batio of axes <i 5 c =. 0 9686 ; 1 Q’6680 Angle of inclined axes 6, o = 
89° 2'. The salt dissolves rather sparingly in cold, more easily in boiling water, and 
may be reorystallised without decomposition. 

Iodide of Broviethylrtnethyl-pliosphomum, obtained by decomposing the sulphate 
mth iodide of barium, forms sparingly solnblo pearly scales The nitrate is sunilar to 
the chloride. The sulphate separates in long white needles, easily soluble m water and 
alcohol, when the bromide is tet converted, by treatment wiBi silver-sulphate, into s 
double sulphate of silver and bromethyl-taethyl-phosphonium, aud the solution, after 
being freed from sdvor by tulphydrio acid and evaporated, is mixed with a htUe alcohol 
and ether. (Hofmann.) 

Cbloretbyl-trietbyl-pbosphonlum. (C*H*C1)(0®H')*P. — ^When triethylphos- 
phme is left in contact for several days at common temperatures with diehlotido of 
ethylene, or withits isomer, monochlormated ethylio chloride, a white orystaUineniasais 
formed, which contains chi ’ -• together with alarge 

quanti^ of diohloride of ■ • mixing the aqueous 

solution with totrachlorid ^ > precipitate is first 

formed consisting of the platinum-salt of the dlphosphomum ; but this after a few 
hours becomes eovored with deep orange-yellow crystals of the monophosphomum 
platinum-salt, easily separated from the preceding by mechauienl means 'The chlw o- 
platimte, 2[(0“H‘‘01)(C''H“)''PG1] PtCP, is more soluble than tho corresponding brom- 
etbylttted salt. 

Chlorida of ehlorethyl-triethylphosphonliim is also produced by tho action of penta- 
ohlonde of phosphorus on the chloride of oxetliyl-tnethylphosphomum . 

(C«H*0)(C'H*)*PC1 + P01“ = (C*H*01)(0»H“)’PC1 + HCl + POCl“. 

Osethyl-triettaylpbosphonlum, C"H“PO ■= (C''H''0)(C’H®)’P. — The hydrate, 
(0 H 0)(G !]^) P| Q obtained by digesting bromide of bromethyl-triethylphospho- 
nium with hydrate of sUvor’ 

(C»ffBr)(0»H‘)'PBr + 2AgHO = (C«H»OXC®H7PHO + 2AgBr; 
or by decomposing the sulpliate of hromethyl-triethylphosphonium with caustic baryta. 
"When the filtrate obtained in either ease is evaporated over oil of vitriol, there remains 
a very deliquescent syrup from which pobish separates the base m oily drops. When 
strongly heated, it is resolved into oxide of triethylphosphine, ethylene-gas, and 

(C'ffO)(OW)'’PHO = (C=H»)IPO + C'H‘ + H’O 

The hydrate dissolves easily m acids, forming more or less crystallisable salts. 

The bromide and chloride are indistinctly crystaUino, extremely soluble, and easily 
form double salts with bromide and chloride of zme. The chloride is violently at- 
tacked by pentabromide of phosphorus, and converted into chloride of bromethyl- 
triethyl-phosphonium . 

(C“H“0)(C2H“)'>PC1 + PBrf = (0=H<Br)(0'®")“PGl + POBr« + HBr 

The chloro-aurato, (C*H®0)(C“H*)’PCl.AiiCl“ forms goid-yeilow needles which dis- 
solve spariSgly in boiling water, and melt to a yellow oilwhen the quantity of water is 
insufficient to dissofte them. 

The chloroplatmate, 2[(0*H'OXO‘'H“)”PGl'l.PtCB, crystalhses on evaporating a 
solution of the chloride mixed with tetrachloride of platinum, in small orange-yellow, 
well-developed quadratic octahedrons, in which the angle P P in the terminal edges 
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= 70° 7' — 710 4> 70° 32') , and in the lateral edges 109° 32' — 109° 41' (cale. 

109° 28') (PIul. Trans. 1860, p. 464). The salt is easily soluble in hot water. 

The lodtde, (O'H’OXC^H*)’?!, crystallises &om a solution of the hydrate saturated 
■with hydriodie acid, and left to evaporate, in long needles -which decompose at 100°. 

The peroUorate forms laminse slightly solnhle m cold water. 

•^Inyl-trlethylpaosplioiiluni, (C*H’)(0’H')’P. — 1. The salts of this base are 
obtained by prolonged boiUng of salts of bromethyl-triethylphosphomum -with sEver- 
salts, the acetate being the most easily produced . 

((PH‘Br)(G=H")»PBr + 2AgO^O» = (C»H»)(C’H'‘)T.C'=ffO’ + C»H‘0« + 2AgBr. 
2. The hydrate appears to be produced under certain circumstances by the aohon of 
heat on hydrate of oxethyl-tnethylphosphonium. — 3. Bromide of bromethyl-ti'iethyl- 
phosphouium is decomposed by prolonged heating, probably into hydrobronuc acid and 
bromide of linyl-tnethylphosphonium. 

OMorl>p!^lt^nate . — The solution (1), filtered lTom_ bromide of silver, yields, on addi- 
tion of platmio chloride and sufficient concentration, octahedral crystals of the salt 
2(C'H>)(C^H»)''PC1 PtCK (Hofmann.) 

lodomethyl -trletliylpliosplioiilum, (0HH)(C'ff)’P. — Triothylphosphine 
unites directly -with di-iodide of methylene CTOP, forming the iodide (Cli“I)(0'H“fPI, 
winch when treated with h^ate of sdver at ordinary temperatures yields the eorres- 
pondinghydrate^*^^'^^^*^ (Hofmann, Proc Eoy Soo. x, 613 ) 


Cbloromethyl-trietliylpbasplioniiim. Tho chloride, (0H’C1)(C“H‘)^PC1, 
obtained in hie manner by the union of 1 at dichloride of ethylene and 1 at tnethyl- 
phosphine, forms with pUunio chloride a double salt which crystallises well The 
chloride is capable of biking up a second atom of tnethylphosphme, and forming the 
dichloride of methylene-hexethyl-diphosphoninm, (CH“)"(0''H*)“P*C1*, 
which is decomposed by water, yieldmg chloride of methyl-triethylphospbomum, oxide 
of triethylphosplune and hydrochloric acid • 

(0ET{O'H»)»I«Ol» + ffO = (CH»)(0»H»)«P01 + (C»H»)spO + HCl. 
(Hofmann, Proc Eoy. Soc. xi. 290.) 

Brometbyl-trlmetbylpbospbonlumi The hramde, (0’H*BrXCH*)^PBr, is 
formed by digesting a solution of trimetbylpbosphine in absolute alcohol ■with a veiy 
large excess of athylemo bromide at 60“— 60° for several hours, and separates on cool- 
ing m weU-deftned crystals, which by a few reerystallisations from absolute alcohol, 
may be obtained perfectly free from adhering ditf losphoninm-salt The crystals are 
tnmetrie prisms exhibiting the faces ooPoo , oiPoo , oP, eoP, 2P2 Eatio of axes 
a ; A ; 0 = 0-6681 : 1 : 0-4071 (PhiL Trans. 1860, p 690). 

The ohloroplatmate, 2(C*H-'Br)(CH*)'‘PCl.PtCl-‘, erystaUises m fine orange-yellow 


Oxetbyl-trlmettaylpbospboulum, (CPH*0)(CH'')'‘P. — The hydrate produced by 
the action of silver-hydrate on the bromide of bromethyl-trimstbylphoapbonium forms 
■with hydroehlorio acid a very soluble chloride, which yields with tetraolilonde of 
pbitinum an sas^ soluble chloroplatinate, 2(C*H*0)(CH'')*PCl.PtCl'‘, orystaUising in 
octahedrons. (Sofmann.) 


n. Diphoephoniumb 

Etbylene-bezetbyl-dlpboapbonlam. C'’H*-‘P* = (C“H^)"(C“H®)'’P^ — The 
hromtde of this diatomic base, (C“H-')''(C’'H'‘)“P'‘Br', is produced by tlie action of 
bromide of ethylene on triethylphosplune : 

C»H^Br> + 2(0®“)“? = (C«H')"(C»H»)«P'Bri. 

If the substances are mixed in the exact proportions mdioated by this equation ( 1 vol. 
bromide of ethylene to 3 vol taethylphospbine) the bromide of the dipbosphonium is 
obtained nearly pure , but if tho bromide of ethylene is in excess of this proportion, tlio 
product -will hkewise contain the bromide of bromotbyl-triethylphosphonium (p, 618) 
As this monatomic bromide is difficult to remove, it is better to prepare the diatoniie 
bromide bjy saturating the corresponding hydrate -with hydrobromic acid. Tbs dibromide 
is also easily prepared by the action of fcciethylphosphme on the bromide oi^bromethyl- 
tnetbylphospbomum, its formation taking place in a few minutes in an alcoholic solu- 
tion heated to 100°. 

The dibromide forma white needles, permanent in tho air, very soluble in water and 
in alcohol, lusolublo m ether. 
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On adding 'bromine-Tvater to the aqueous solution, beautiful ydlow, but uery 
iiubtable needles are formed, probably consistiug of a polybronudo. 

Bromargentate, (C‘H^)''(C^H'‘)“P»Br’AgBr— "When the boihng concentrated alco- 
holic solution of the dipbospbonium-bromide is uiizcd -with as much silver-oiride as it 
18 capable of dissolymg, the hot filtrate deposits on cooling, white eaystsls of the brom- 
argeutato which are somewhat difficult to reeryetalhse fiiom boihng aleohpl. The 
double salt is immediately resolved hy water into bromide of silver and tbe bromide of 
the diphoaphoninm. 

The bromide decomposed witii hydrate of silver yields the corresponding hydrate, 
which when treated with acids yields the several salts of ethylene-hoxethyl-diphos- 

Carhonata . — Slightly deliquescent, reddens litmus. 

Chloride, (G“H'‘)"(C®H*)“P*C1“ Produced by saturating the hydrate with bydio- 

cWoric acid, or by treating the bromide or iodide with chlonde of silver ; also when 
toethylphosphine is muted with dichloride of ethylene, or heated for some time to 120° 
with cldorinated ethylio chloride. It forms abroa^y-laminar, pearly, very deliquescent 
orystalhne mass, very soluble m water and in alcohol, insoluble in ether. It is precipi- 
tated unaltered from its aqueous solution by potash 

Ohloroaurate, (C“H')"(C'“H‘)'‘P'Cl’‘.2AuCP — Golden-yoUow needles, sparingly soluble 
in cold water, easily in boihng alcohol. 

Chtoropalladite — A dilute solution of the diphospboniiim-chloride is not precipitated 
by chlonde of palladium; hut on adding alcohol, a chocolate-coloured orystojlwe pulp 
is formed, consisting of small interlaced needles, the concentrated aqueous solution of 
which deposits reddaah-yoUow prisms on slow cooling and a yeHowish-red crystalline 
powder when quickly cooled. 

Ch/oromerourate, 2[(0'ffy’(C®H*)'’P'*01*].3Hg”Cl®.— Thin white lamiu® or needles, 
slightly soluble in water and in alcohol. 

CMoroptaiimte, f OW)"(C*H‘')“P^CP.PtOP.— Teteaehloride of platinum produces in 
the most dilute solutions of the diphosphonium-ohlonde a pale yellow precipitate, 
which crystallises fi’om boiling hydrochloric acid m small well developed monoelinie 
prisms, havmg an orange-yellow colour and vitreous lustre. Inclination of axes, b, e, 
= 82° 36'. Observed faces <»Pco , [ ooPw ], oP. Cleavage perfect paiaUel to all 
three The salt is nearly msolublo in water, whether cold or boihng. 

The o/Uorosiimmte forme large prisms, probably containing (C°H'')"(C’H')'P’C1*. 

Chromate. — Stellate groups of extremely soluble needles, obtained by saturating 
the hydrate with chromic acid. 

Cyanide. — This salt is not obtained by saturating the hydrate with hydrocyanic 
acid , but when the iodide is digested with cyanide of silver, a double salt passes into 
solution, which crystallises in fine needles, but is very easily deeomposible. 

Fluoride — The solution of the hydrate saturated with hydrofluono acid dries up 
over oil of vitriol to a colourless transparent syrup, soluble in alcohol, insoluble in 
ether, — The ailioo-jluonde is unorystaibsable. 

Hydrate, ^ ^ ^7 adding oxide of silver to an aloo- 

holic solution of the bromide, or better of the iodide, which is more easily obtained 
pure {md. inf.) The silver-oxide then dissolves, and the solution aeon deposits a 
compound of the bromide or iodide of the diphosphonium with bromide or iodide of 
silver , but on adding more silver-oxido and a little water, this double salt is decom- 
liosed, and a highly caustic, nearly inodorous, but very bitter bquid is obtained, which 
when filtered and evaporated in the air, takes up caibonie acid and loaves a crystalline 
mixture of hydrate and carbonate, but dries up in vueno over od of vitnol to a very 
deliquescent, perfectly unerystalline syrup, from which potash separates the hydrate 
of ethylene-hexethyl-diphoaphonium in oily drops. 

The solution of the hydrate is not altered by heating to 160°, but begins to decom- 
pose at 160°, and is completely decomposed at 250°, the ultimate products of the 
distillation being taethylpbospbine, oxide of triethylpbosphiue, ethylene-gas and 

(0“H’)"(C'H»)"P=ff0' = (C»H»)T + (C*H‘)»PO + C»H» + H»0. 

As interi^ediate products are obtained the hydrate of tetrethylphosphonium and 
probably also hydrate of oxethyl-triethylphosphomiim. 

The solution of the hydrate reacts with metaUic salts in the same manner as hydrate 
of potassium, excepting that the precipitate of sinc-hydrate formed by it in sinc-aolu- 
tions IS insoluble in excess of tbe precipitant, and that tbe precipitates formed in acid 
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Bolations of antimhious Monde and stannous cldonde are double salts cuTstalHsing in 
interlaced needles The hydrate separates ammoma, aniline, trieth^/lpftoapMne and 
many other amines and phosphines from their Salta. It has no action wpon jAos^horm, 
but dissolves forming a j^eUovr liquid whieh -when treated with acids, gives off 

sulphydrie acid and yields a precipitate of sulphur, and precipitates lead from its salts 
as sulphide. It disaolves iodine with facility ; and on mixmg the colourless solution 
which contains the iodide and lodate of the diphosphonium, with strong hydrochloric 
acid, it aolidifie.s, after transient dark coloration and turbidity, to a lemon-yellow orys- 
taUine mass which erystaUises from alcohol in flue needles, and is probably a compound 
of the diphosphonium-iodide with chloride of iodine. 

lodate. — ^Very deliquescent syrup which solidifies very slowly to a crystalhno mass. 

Iodide, (C*ff)"(C“II“)'tPT= — When the mother-liquors obtained in the preparation 
of bromide of bromothyl-tnethylphosphonium (p. 618), are treated with silver-oxido, 
and the filtrate is saturated with hydriodic acid, a solution is formed contammg iodide 
of ethylene-hexethyl-diphosphomum, and iodide of oxethyl-triethylphosphonium, which 
are easily separated by crystallisation, as tlie latter is very soluble m cold water and 
alcohol, and remains whoUy in the mother-hquors after the second reciystaUisation. 

The dipbosphonium-iodide crystaUiaea in white trimetric needles, elongated m the 
direction of thebrachydiagonal, and consistmg of combinations of the faces ooP, foo , with 
others whicheanuotbeexactlydoterminedonaccountof curvature. Angle ooP • mP 
59°24’iJ’cD over the principal axis =. 89° 4,2'. The crystals cleave perfectly 
parallel to ooP and Poo , and have a vitreous lustre on the faces ooP, nacreous on I’m . 
The smaller crystals are transparent, the larger ones milky and hollow. The salt 
melts without decomposition at 231°, and decomposes at higher temperatures, with for- 
mation of a brown substance not further examined. Heated with caustic baryta it 
gives off tnetliylphospbine 100 pts. water dissolve 468 3 pts, of it at 100°, and only 

3 '08 pts. at 12° , it is but slightly soluble in iilcobol, andinsoluble m ether. Potash 
precipitates it m the crystalhne state, even from ddute solutions. It forms douhlo 
compounds with various raotnlhe salts. 

lodasiiwate, (C®H*)"(C'‘H*yP'‘P Zin"P. — Formed on mixing tlie aqueous solutions 
of the component salts, as a crystalline precipitate which separates from hot water in 
long needles. 

Lominre permanent in the air, very solnhle in water, less soluhle 
in alcohol, and precipitated from alcohohe solution by ether as an oil. Forms with 
meronrie ohlonde a precipitate which crystallises in needles. 

OaraZuie.— Shghtly crystalline. 

Perohlorate, (C*H'')"(C®H‘)“P*.C1’0". — ^Beautiful needles often an inch long; may 
he dried at 100° without decomposition, but detonates with a higher temperature 

Phosphate — Ohtaonod by boding the iodide with excess of silver-phosphate. 
Slightly orystalhiio. 

Pier otc.— Separates on adding picric acid to a moderately strong solution of the 
hydrate, as a yellow erystalline precipitate which separates from the hoilmg alkalina 
solution in long needles. 

Sulphate. — ^Eadio-crystallmo, very deliqueseeut. 

Sulphocpanatc. — The aqueous solution produced by boding the iqdide with 
recently precipitated sulphoeyiinate of silver, dries up over the water-bath to a orys- 
tidline mass, soluble in water and in alcohol, hut precipitated from the alcoholic solu- 
tion by ether. 

Sulphydrate. — The solution of the hydrate saturated with sulphydrie acid loaves 
a gummy muss when evaporated m vacuo over oil of vitriol. If evaporated oyer the 
water-bath with access of air, it leaves the crystalline sulphate 

Tartrate. — Extremely soluble; difficult to erystalliso. 

Appendix to the Compounds ofEthylene-hcxethyl-diphosphoniim. 

Paradiphosphonium compounds —'When the aqueous solution of hydrate of 
ethylene-diethyl-diphosphoninmis evaporated in a retort filled with hydrogen, it begins 
to decompose as above mentioned at 160° , and if the diy distillation be intorraptod as 
soon as the heat has risen to about 190°, the alkaline residue then remaining yields 
with hydrochloric acid and a small quantity of platinio chloride, no longo^ tlie pule 
yellow crystalline precipitate of ebloroplatmate of etliylene-hexetbyl-diphosphomum, 
perfectly insoluble in water and in ddute hydroclilorio acid, but an amorphous dirty 
yellow salt, easily soluble lu hydrochloric acid If the dingy precipitate produced by 
the first drops of the pUtinum-solution he filtered off, and the filtrate treated with a 



PHOSPHAMMONITJMS. 


further quantity of the platmum-aolutioii, the amorphous pLatinum double salt is 
obtained quite piu'0 and of a bght yellow colour The same double salt is produced 
by similar treatment of the hydrate of oxethyl-tnethylphosphonium , also by adding 
liydrochlono acid and platinio chloride to the mixture of hitherto nnexamined products 
formed by prolonged heating of monobrominated ethylene (bromide of ■vinyl, C*H*Br) 
with triatliylphosphme to 160°— 180°. It has the same percentage composition as the 
ehloroplatinate of ethylene-hoxetbyl-diphosphoninm. If the amorphous pale yellow 
precipitate suspended in water he decomposed by snlphydrie acid, and the filtrate, 
freed from the excess of that gas, he treated -with silver-oxide, the resulting solution of 
paraethylene-hexethyl-diphosphoranm hydrate yields, when satnratod -with hydriodio 
acid and evaporated, a gummy mass which slowly becomes crystalline, and after 
repeated crystallisation is identical with the iodide of ethylone-hexethyl-diphospho- 
nium. Hence it appears that the paradiphosphomimi salts are gradually reconverted 
into ordinary diphosphonium-salta. (Hofmann, Phil Trans. 1860, p. fi33.) 

Bthyleiie-trletliyl-trlmetbyl-ilipliOBplionlnm. The bromdo of this radicle, 
(C®H*)''(G’H“)’(OH*)’P-Br', is produced, "With violent action, by treating the bromide of 
bromethyl-triethylphosphonium -with trimethylphosphine. It is more soluble than the 
bromide of the hexethylatedbaae, which it resembles in other respects When digested 
with moist edver-oxide it yields an extremely caustic hydrate, winch forms with hydro- 
ohlorio acid and platinio chloride a pale yellow scaly cMoroplatmate containing 
(C*H'‘)"(C»H>)=(OH*)H’=CP.PtCP 

Btbylene-bezmetbyl-dlphosplionlam. The bromde, (C’H'‘)'’(CH’)1P*Br“, is 
produced' by treatmg bromide of ethylene at 100° ■with excess of trimethylphosphme. 
It is extremely deliquescent, but may be obtained ■with some difficulty in woU-doveloped. 
inonochnio crystals having the axes a b o = V06445 ■ 1 ; 1 1256, the angle of the 
axes b, 0 = 87° 49', and exhibiting the faces oP, ooP, [P«]. Angle ooP: cop 
(orthod.) = 83° IS'; oP • coP = 121° 38'; +Pa. . ooP =. 99° 8' 

The oMoroplaitnate, (C*H*/'(CH*)“P*Cl''Pt01*,obtamedm the usual way, is a yellow, 
apparently amorphous precipitate which cryataliiees from boihng hydiooMorio acid in 
goIden-yeUow lerainiB 

The todide, (0'H^)"(0H*)“P*I®, obtained by saturating the hydrate ■with hydriodio 
acid, forms beautiful sparingly soluble needles. , 


in. PHOSrHAMMONlUMS. 

Btbylene-trletbylpbosphainnioiiium. C‘H'‘°NP = 


w 


— The bro- 


mide of this diatomic base is obtained by digesting an alcobolio solution of bromide of 
bromethyl-tnethylphosphomnm^with ammonia for half an hour m asealed tube at 100°. 
On leaving the alcohol to evaporate, the phosphammomnm-bromide remains sbgbtly 
contaminated with bromide of ammonium . 

(0®Br)(0»H»)»PBr + NH« = (C2H'‘)"(C»H»)«H»PII,Br». 

The pure salt is best obtained by saturating the hydrate ■with hydiohromio acid. It 
crystallises pretty well, but is very deliquescent. 

The chloride and iodide resemble the bromide. — Tha percUorate is sparingly soluble 
and orystallisea readily. 

The cUoroaurate, (C®H'')"(0’iH‘)'‘n“PNCP.2AnCl*, is a golden-yellowpraeipitate con- 
sisting of slender needles, sparingly soluble in water. 

The cliloroplaiinatet (C’H‘;"(C'''H*)*H''HPCP.PtCl*, is ohtamed as a pale yellow, 
slightly erystaUino precipitate, which dissolves sparingly in boding water, and crys- 
tallises from hot concei^ated hydrochlone acid in weU-developed trimetric prisms, 
exhibiting the faces oiPoo.ooPoo, coP, Poo. Angle ooP ooP = 119° 40'; Pw . 
Copco = 160° 38' Hardness somewhat greater than that of gypsum. 

The hydrate, (C S ) (C H ) H j obtained by treating the bromide with sil- 


ver-oxide, may he concentrated ■without change at the heat of the water-bath, and 
finally separated by potash in oily drops. When more strongly heated it gives off 
ammonia and leaves hydrate of vmyl-triethylphosphammonivmi • 

(0''ff)"(0''H»)»H'NP,H'*0’‘ = (0°H”)(C°H*)»PHO + HH» + H°0. 

Btliy-^^ene-tetretliylptaasptaaiumonlum. (Cf‘H')"(C“H*)*H“NP.— The bromide 
is obtained by the combination of ethylamine ■with bromide of bromothyl-tnethylphos- 
phoninm (p. 608). — The hydiate may he separated from its "lolntion in oily drops by 
concentration over the water-bath. It yields salts by saturation with acids. 

The iodide, (CPH'‘)"(G“H“)'HfNPI’, forms white needles, easily soluble in water and 
in aqueous alcohol, sparingly solublo in absolute alcohol, insoluble in ether. Potash 
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precipitates it from its aqueous solution without decomposition, as an oil which 
gradually sohdifles 

The cUoromrate, (0*H<)"(C*H“)«H»l!rPCl‘'.2AuCl«, foims golden-yellow, sparingly 
soluble needles. — ^The chloruplatinate, (CiH‘)"(C-H")'‘H*NPCP PtCl', erysUUises iu‘ 
orunge-yoUow, trimnal-tohiilar or sphenoidal monoclinio combinations, ooPcd .oP odP , 
[ ooPco ], usuiity hemimorphously developed, sometimes on one, sometimes on the other 
side of the orthodiagonal Angle ooP oP = 93° 8' , coP . ooP in the orthodisgonal 
principal section =. 89° 60'; [Poo ] : [Pco ] in the clinodiagonal principal section = 
90° 29'; oP ooPco = 86° 62'. 

Bthylono-pentetliyl-pliosphanunonJuni. (C“H')"(C“H‘)*HNP — The h'omids 
is formed by the action of diethylnmine on bromide of hromethyl-tnetliylphosphonram. 
— The chloraplatinaU, ((^^[''(^“^["HNPCP PtCP, crystallises in rectangulai’ plates.i 

Bthylene-trletbyl-methylphoapbammonlam. The bromide is formed by 
digestingmethylnmine with bromide of hromethyl-tnethylphosphouium — The platinum - 1 
salt, (C'H*)''(C'H‘)'‘COH.>)H*HPOP.PtClS crystalhses in long needles, very sparingly 
soluble 

Bthylene-trietnyl-trlmetbylpliogptaaiiimonlam. The bromide is produced 
by the union of tiimethyUmiue with bromide of bromethyl-triethylphosphoiiium — The 
pahmm-aalt, (C*H'')(C*H'’)*(CBP')'NPCP PtCP, crystalhses lu beautiful needles. 

IV. Phosphahsonitjms 

The only salts of this group yet discovered are those of— 

Ethylene-bexettaylphospboTsonium. The hromtde, (C“H‘)"[C®H‘)'PAsBr’, is 
produced by digesting bromide of hromethyl-tnethylphosphouium with triethylarsmo 
in a sealed tube When digested in the cold with moist oxide of silver, it is converted 
into the hydrate, (C*H'*)"(C%*)'‘PAsH“0*, the solution of which is resolved by boiling 
into hydrate of oxethyl-triethylphosphomum and tnethylarsino : 

(0»H‘)''(C*H‘)“PAsH''0» = (0»H’0)(C*H')»PH0 + 0'H»)3As. 

The hydrate saturated with hydrobromio or tydnodio acid yields the bromide or 
iodide in fine needles 

The ohloroplatinate, (0’H')"(C’H’)*PAsCP.Pt01<, is obtained by adding platmio 
chloride to the aqueous solution of the phospharsonium-ohloride, as a pale yellow pre- 
cipitate which is nearly insoluble in water, and cwstallises from boding hy^oohforio 
acid in orange-red tnclinio prisms, coPoo , coPco . oP ,,P'oo . 2p,o5 . P'. Angle 
ooPoo i aPto <= 98° 8', ojPm : oP = 91° 46', F . osPoo = 116° 66', 2p,« ; 
ooPco := 146° 36' , P'co 1 coPco =- 126° 87'. The crystals deave parallel to ooPoo 
and oP. 

V. TEIPHOSPHONIUM-OOllrOUNDS 

"When triethylphosphine is gradually mixed with crystals of iodoform as long as any 
rise of temperature is thereby produced, a light yellow viscid mass is formed, me solu- 
tion of which in boding .ilcohol deposits crystals of iodide of formyl-ennethyltri- 
phosphonium, (C'H)'”(C^H“)'’P’P. This salt dissolves easily in water and sparingly 
in alcohol, hut is insoluble m ether Iodide of sino added to the aqueous solution 
throws down a white double salt containing 2(C“H)'"(O^EP)'’P®P.3Zn"P TetracUonde 
o/pfaftMiimforms ahght yellow precipitate of a plabiium-salt, 2(0H)'"(C®*)"P®CP. 
SPtCP, which crystalhses from hoiKng alcohol in rectangular laminae. The iodide 
treated with oxide of silver does not yield the correspondmg hydrate, hut undergoes 
decomposition, forming hydrate of methyl-triethylphosphomum and oxide of triethyl- 
phosphme • 

(CH)’"(C'iH*)'P»l» + 3AgHO - 3Agl + (CH»)(C“E’)''PHO + 2(C»H“)“PO 
Triethylphosphine treated with chloroform or with tetraohloride of carbon yields the 
chloride of formyl-ennetbyl-triphosphonium. (Hofmann, Proe Eoy. Soc. x. 189 ; xi. 
290) 

PHOTOCHBIHIBTRT. See IiiOHT, OnmncAn Action or (iii, 678). 

BHOTOCEN'. Alerm applied to the light hydrocarbon oils obtained by distilling 
coal, shale, peat, &c., allow temperatures, and used for burning in lamps. (Sea Pa.rai'- 
HN, pp. 344-349.) 

IPHtoTOCBAPHV. The history of the art of producing sun-piotiircs, and a sketch 
of the several methods, have abeadyheen given in the article on tho Ohenucol Action 
of Light (ni. 692). The present article contains a more detailed acooimt of some of 
the processes now in nse. 



PHOTOGEAPHT, 

A. Proomes tn wMah Silver-salts are used. 




I. Wet Collodion Process. 

1. The photographic collodion is prepared by dissolving 6 grms of gun-cotton or 
pyroxylin, carefully washed and neutral to test-paper, in a mixture of 200 cub. cent, 
of alcohol of 40 per cent., and 300° cub. cent ether of 62 per cent., and to this solu- 
tion IS added a mixture of 46 gnas. of cadmium-iodide with a bttle aminonium-iodide, 
and 1 26 grm eadmiuni-broniide with a trace of animonium-bromide, all finely pul- 
vonsed. 

2 To prepare the sensitive surface, a plate of glass free &om flaws, thoroughly 
cleansed by washing with water, nitric acid, alcohol, &c., and quite free from dust, is 
covered with the prepared collodion, and plunged wet at one dtp in a solution of silver- 
nitrate containing 8 pts. of the salt in 100 pts. of water. The coagulated collodion 
then imprisons within its pores the iodide and bromide of silver resulting from the 
sehemioal reaction, and thus forms a continuous sensitive film. The plate is then 
exposed to the action of hghtin the camera for an interval varying from 30 seconds to 
5 minutes according to the intensity of the hglit. 

3. JDcuehpement of the Picture . — ^The exposure of the plate in the manner just men- 
tioned does not produce any visible image , but the iodide and bromide of silver in the 
film have undergone a oertem change, them atoms having apparently acquired a certain 
degree of mobility, in consequence of which, when submitted to the action of redueing 
agents, such as ferrous sulphate or pyrOgaUio acid, they suffer decomposition, the sdver 
being reduced to the metallio state and forming an opaque metaUio Urn on those parts 
of the surface which have been exposed to the hght. To effect this reduction, the sea- 
Bitive plate, immediately after its removal from the camera, is washed with one of the 
two following solutions : 


Saturated solution of ferrous sulphate . . 100 o. c. 

Filtered water 700 „ 

Glacial acetic acid 20 „ 

Alcohol of 36° 20 „ 

Water 260 „ 

Acetic acid 20 „ 

PyrogaUio acid . grm. 


i. StrengtUnvng {Emfoi-fage). This necessai^ but very delicate operation consists 
m washing the plate with a solution of 2 grms. nitrate of silver, 100 e. c. distiUed water 
and 6 0. 0 alcohol, — then with one of the developing solutions above mentioned, 
then again with the strengthening bquid, and so on, till the picture has acquired ^s 
proper degree of intensity. Or instead of subjecting the plate to these alternate 
washings, it may be immeised in a mixture of the developing and slrongthening solu- 
tions made just before it is wanted for use. The plate is then carefully washed with 

6 Fmng — To remove the undecomposed portions of iodide and bromide of silver, 
n... — *1 — action of light, the plate is immersed either 
in . . num containing 2 per cent, of the salt, or m a solution 

of ' . ining 26 per cent., then washed carefully with a large 

quantity ot water. 

The last operation consists in varnishing the picture, the plate havmg been pre- 
viously boated so that the varnish may spread over it uniformly 

The picture obtained by this process is, as already observed (iii 693), a negative 
picture, the parts most strongly acted upon — which of course eon'espond with the 
brightest parts of the object — ^being the darkest. To obtain positive pictures, a sheet 
of white paper of good quahty is covered on one surface with a layer of albumin mixed 
with a convenient quantity of sal-ammoniac. It is then rendered sensitive by laying 
It for a while on a solution of nitrate of silver of the strength of 16 per cent , taking 
care to avoid the presence of air-bubbles between the paper and the surface of the liquii 
The albumin thus becomes impreguated with ehlonde of silver. The paper was pre- 
pared is placed when dry behind the negative picture, and exposed to bght, whereby 
the chloride of silver is reduced on those parts which are behind the transparent parts 
of the negative, while those portions of the surface which are behind the opaque parts 
of the negfjjiive remain unaltered. 

The Sliver thus reduced has, however, an nnpleasant red colour, and to obtain a 
darker and more agreeable tint, the picture is steeped m a gold-bath composed of 
1000 grms distilled water, SO grms. neutral acetate of sodium, and 1 grm. triehlondo 
of gold mixed with chloride of potassium As soon ns the desired tint has been 

Von. IV. S S 
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obtained, an effect ■wHeb, is lapully produced at the temperature of 2S° C , the picture 
is to be fixed by immeramg it in a bath composed of 600 grms. distilled water and 
100 m-ms hyposulpliite of sodium, then washed several times during 12 hours witli 
distifled water. These operations of toning and fixing must be performed m a room 
from which daylight is excluded. 

To ensure success in the process above desoribed, attention must be paid to eertam 
precautions ; 1. The stiver-bath used for obtaining the negative must be slightly 
acid. If it is neutral or basic, the image will be cloudy and deficient in strength in 
the darker points ; if it is too acid, the production of the picture takes place slowly If 
It is either supersaturated or insufficiently charged with iodide of silver, especially if the 
film of collodion is not very thick, the noptive obtained inU be fttil of holes — 2. The 
glass must he free from defects andthorongnlyfceed from dust, otherwise partial reduotiou 
of the silver takes place before the plate is exposed to the action of the developing solution. 

The great objection to photographs on paper is their alterability In connection 
with this the following fact is mterestiiig. The hypositiphito of sodium used for 
removiiig the excess of stii er-chloride forms sodio-argonbe hyposulphites, one of 
which being but very slightly eoluhle, remains in the paper and gradually decomposes, 
ultimately destroying the picture ; whereas tlio other, which is fomed when the hypo- 
sulphite of sodium is in large excess, is very soluble, so that when the latter condition 
is fulfilled, the subsequent washing removes nearly all if not the whole of the alterable 
substance remaiumg on the paper Photographs fixed within the last few years 
with due attention to this circumstance have remomed unaltered up to the present time. 

The author of this article proposed two years ago to remove the hyposulphites by 
the use of ohlonne- water, free from hydroohlonc acid, and added m proportion to the 
quantity of hyposulphite which might remain in the picture an excess would give 
rise to the chlormation of the gold and stiver in the picture. The hyposulphite might 
also he converted into sulphate by means of a solution of oxygenated water, recently 
prepared with peroxide of barium and carbonic acid, and freed from excess of the latter 
by means of baryta-water. 

Posiiiaes on Glass — ^Tlie picture obtavged on a sensitive collodion plate by 
very short oxposiu’e in the camera, and very alight developement, may serve as a 
positive when placed upon a black ground. Under these oonchtions, the very smaU 
quantity of stiver reduced on tho hghts of the picture oonceitia the black ground, and 
appears white, whilst in the parts corresponding to the shadows of tho object no stiver 
IS reduced, and the black ground shows through. The coUodion for these piotnres is 
prmared with 300 o c water, 126 e c alcohd, and 8 grms. pyroxylin j and to tins is 
added a mixture of 176 c c alcohol, 7 grms iodide of ammonium, and 0 7 giun. 
nitrate of stiver. The plate is rendered sensitive by immersion in a bath of silver- 
nitrate containing 6 per cent, of the salt acidulated with a few drops of nitno acid , and 
after a very short exposm'e m the camera, the picture is developed with a mixture of 
100 e. 0. saturated solution of ferrous sulphate, 600 grms. water, 20 grms. aeotie acid, 
20 grms. alcohol, and 6 grms sulphurie acid, and fixed with cyanide of potassium, 
lastly tlie back of tho glass plate is covered with a mixture of oil of turpentine, 
Hecca bakam, end Inmp-ltiack 

n. Diy Collodion Process. 

This process, which differs from the preceding only m the mode of obtaining the 
negative, has the advantage of enabling the operator to prepare beforehand a large 
supply of sensitive plates, and thus to take a considerable number of pictures on the 
same day, a convenience which is especially valuable in landscape photography. 

The best mode of proceeding is to cover the collodion plate — rendered sensitive as 
usual by immertion in a slightly acid silver-bath, then washed several times in dis- 
tilled water — ^with a solution of tannin freed from resinous matter and having a 
strength of 3 per cent The plates thus prepared are as sensitive after the lapse of 
several months as immediately after preparation. The pioture is developed with 
ppogalUe add. 

Other modifications of the dry collodion process ai'o Tamp onot’s process with albu- 
minised coUodion, and those m which the dry collodion film is covered with sugar, honey, 
metogolatm, &c. ; but none of these are equal to the tannin process just mentioned, 
which is due to Maj or Russell. 

' in. AVmmm Process on Glass. 

This process, due to Niepce de St. Victor, mcludes the taking of botf- negatives 
and positives on aihumiuised plates. A layer of albumin impregnated with iodide of 
potassium is rendered sensitive in a bath composed of 100 grms. water, 10 grms. 
nitrate of silver, and 10 grms. acetic acid. The pictime is developed with gaUie acid. 
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fixed with hypo&ulpliite of sodium, and brought to an agreeable tmt by means of 
chloride of mercury or chloride of gold. 

E. Wmtograflm Froaesses mthivi Silver-aalta. 

1 VhotograpTiy mtk Carbon, Ferrous salts or JTramum-salts. — Of these three 
methods, the first is that which yields the best results. It depends on Idle action of 
light on the salts of chromic acid and on gelatin or a similar substance. 

A sheet of paper impregnated with these matters is placed behind a negative and 
exposed to light, whereby the substances are rendered insoluble in the parts corres- 
ponding to the transparent portion of the negative, and therefore to the dark parts 
of the original ohjeet. The parts thus altered are alone capable of retaining por- 
phyrised black,, or coloured powders, or lithographic ink, subsequently applied to the 
surface of the paper. 

The processes depending on tlie use of ferrous and nramc salts present no particular 

2. The processes of photolithography, photozincography, that called 
heliography discovered by Niepce in 1827, and photogalvauography are 
described in the article Lioht (lu 694). The last-mentioned process, depending upon 
the property possessed by certain substances, ehromatised gelatin for example, 
of losing, by insolation, the power of sweUmg up in water, w when exposed to the 
aobon of steam, was invented by M. Poitovin, and has lately been much improved 
by a very skilful operator of Paris, M. Villenenve, who has advantageously 
modified the manipulations, and replaced the gelatm by another substance, the com- 
position of which, however, he keeps secret. The impressions ohtainod tom the 
plates formed by his process are extremely delicate. 

Per fiuther details, seePelonzeetPrAmy, TraiU de Ohi/ime, Smo ed.iii. 1429-1486. 

A method of measuring the relative sensitiveness of dififerent photographic papers is 
described by A MoDougall in the Jom-nal of the Chemical Society, vol. iviu. p. 183, 


PBOTOSAIVTOKriW. (P. Sentini, Biill. Soc Chim 1864, ii. 21; 

1865, 1. 271.) — A neutral substance, produced, together with formic acid, by the action 
of light on santonin. The change t&es place slowly under the influence of difihsed 
dayhght, more qmokly on exposing santonm, either dry or in contact with water, to 
the action of the direct solar rays , hut the transformation is not complete even after 
three months’ exposure. A better mode of efifecting it is to expose an alcoholic solution 
of santonin, toed tom air by passing carbomc anhydride through it and then sealing 
It in a tube, to sunshine for about a month. The hqvud then acqumes a yellow colour, 
and when it is subsequently mixed with about fifteen times its volume of water, the 
photosantonin separates in oily drops, which, m the com-se of a day or two, orystaUisa 
m white laminsB ■ it may ha purified by two or throe crystnllisatious from alcohol. 
Tlia last portions which separata have a yeUow colour, arising tom a resinous sub- 
stance ; this may be dissolved out by leaving the photosantonin for two days in con- 
tact with cold potash-ley, which also favours the erystalhsattou of the photosantonin. 

Photosantomn is colourless and transparent, destitute of odour, but bas a slight bitter 
taste It crystallises in square plates, which have no action on polarised light, a cha- 
racter by which this substance is easily distinguished tom santonin. It molts between 
84° and 85°, begins to give off vapour at 180°, and boils at 306°. It is insoluble in 
cold water, but dissolves in boihng wafer sufficiently to impart a dishnetly bitter taste ; 
dloohol and ether dissolve it in large quantity, formmg very bitter solutions. 

Photosantonin, exposed to the air for nine or ten months at 100°, dimimehes slightly 
in weight, and is partly converted into a yellow ream soluble in potash. . In contact 
with strong mine acid, it liquefies, forming dro^ which float on the acid. Strong 
stdphuno acid colours it orange-yellow, and then decomposes it. 

PHTBAXAIWIC ACID. CPHTitO* = (C»B;^07 'Vq. (Marignac, Ann. Oh. 

H } 

Pharm. xlii. 219.— Laurent, Eev. scienfc xiu. 601.)— Produced by the action of 
aqueous ammoma on phthahe anhydride. OCTStoUises in a mass of fine flexible 
needles, forming an acid solution with wafer. It gives off water between 100° and 
120°, and is converted into phthahmide, C“H“NO=’, which sublimes at a higher tempe- 
rature The aqueous solution, after boiling for some tune, yields phthalate of ammonium 
on svaporaTion. 

Fhthalamate of sillier, C"H®AgNO'‘, is a white precipitate, composed of crystalline 
scales if formed with boilmg solutions. It is quite insoluble m water , mdta when 
heated, and decomposes without explosion. 

ss 2 
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thenyl-phihalamo aoid, 


HG“H» 

(0*H'‘0'‘)">-q.— O btained by boiling 


phenyl-phtbalimide, ” 

liquid, if neutralised with mtrie 

larly laminated erystallino mass ^ ^ - ^ .o very oiicm 

soluble in cold water, but dissolves easUy in alcohol. When fused with potash at a 
gentle heat, it gives off anihnc. When saturated with ammonia, it gives a white preeioi 
tate with nitrate of silver (Laurent and G-erhardt, Ami Ch Phys. [3] xxiv 188 ) 


G»H”N02.— A base produced, together with imphthylamina 

— -- acetate on nitronaphthaleno. The two bases may he separated 

srfphimic acid, the sulphate pf phthaUmine 
2C*H®NO-^ 2H^O, being more soluble than the naphthylarame salt 

Phthalar^e is preeipitoted from the solution of ite sulphate by ammonia in odv 
drop, which MO heavier than water and taste like naphthylaniine. its salts do not 
redden s? easily on exposure to the air as those of the latter. The base heated to 100° 
with iodide of ethyl, sobdifies in a few minutes to a laminar mass of iodide nV 
ethyl-phthalamine, C''B:''(CKH“)NO-I(f), which when treated with ammonia 
pel^ an oily base, altwmg on e^osure to the air, and volatilising at about 300° 
(Sohutzenhergar and Willm, J. pr. Chem Ixxiv. 76.) 

^ PHTHAKCACID. C«H»0^ = (C“SW)"jo». M^zano mpUlahc cM. 

aanrent,Ann Ch. Phys [ 2 ] W. U 3 ; MariV Ann Oh. Pharm, xhi 216- 

Sohnnok, M. livi. 197 , Wolff and Streckor, ihid. Ixxv. 12, 26 ; Hugo Muller 
Emolary mmmumoation )-M acid produced by the acUon of nitric aSd on nanh’ 
thalene, aichloride of naphtholene, ahzurin, and pui'purm . ‘ 

0’»H» + 0> =. C"H"0^ + C=H®0« 

t^aieno Phtliallo Oxalic * , 

C'H'O* + ffO + O'* «= C*H*0* + C*H®Ot. 


It IS wally prepared by treating dichlonde of naphthalnne with boihng nitric acid 
The dioUonda dissolves slowly with evolution of nitrons vapours, and thesdutten 
when left to itself, depouts crystals of phfhahe acid, which may he piu-ified W rel 
oi'ystalhaation tom hoUing water The mother-hqiior contains oxalic ami SWU 

solution evaporatei over the water-bath leaves a 4ite c^staJhno mass, consS of 
nhthalio acid contaminated only with a litUe oxalic acid The latter is easily removed 
by washing the mass with cold water and pressing between bibulous paper, o^r by nlu- 
trdismg tEe i^tiiie of the two acids with lime, and then treating ft wi?h bodfag 
^r.^whieh dissolves the phthalate of oalanm. (Stenhouse, Am, Ch Ph^f 

_ Phthalio acid c^stalhses m white nacreous lamina arranged m rounded groups It 
is cold isuto-, but dissolve easdy lu alcohol and elher dmffll” 
uou itis couverted into pbtnalic anhydride , this process is recomnipDflpH irir 
for the purification of the acid When distiUed with excess of hme ft a 

alkali) It IS resolved mto benzene and a cai-bonate (Mangnae, Sotonok) ■ 

0»H"0‘ + 2Ca"0 = C«H» + 20Ga''0»; 


2C®H“0* + 3Ca"0 


0"a:''’Ca"0'' + 20Ca''0" 


2C«H^Ca’'0‘ + Oa"HW = C«H'«Ca"0‘ + 2CCa''0=. 

This latter reaction is used by P andE Depouilly (EuU, Soo Ohim Ififli 1 lail 
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' The adA ammonium-salt, C*H“(NH')0'‘, usually ciystalUsea in prisms terminated by 
four- or eight-aided pyramids, frequently also in hexagonal plates The crystala belong 
to the trimetnc system Observed combination oP . P . f oo . Angle oP . P = 112° ; 
J P = 133° 60', oP • Poo = 127°; Poo ; Poo =. 103° SO'. Cleavage easy parallel 
to oP. It is very soluble in water, sparingly soluble in aloohol, and is resolved by 
heat into water and phthahmide. The potassium- and sodium-salia crystallise in very 
soluble scales 

The barium-salt orystalhaea in slightly soluble scales, which may be obtained, by 
pouring a strong solution of the ammonium-salt into chloride of barium The caleium- 
salt, obtained by dissolving calcic earbouate intho aqueous acid, resembles the barium- 
salt Its decomposition by heat baa been already described. 

The lead-salt, C?H*Pb"0^, is obtained m white scales on mixing the boiling solutions 
of acetate of lead and phthalate of ammonium 

The silver-salt, C'H'Ag’O*, obtained in hke maiinor by precipitation from Bbiling 
solutions, IS a white crjstii H i n a precipitate which requires prolonged washing, as it 
obstinately retains nitrate of ammonium. It is moderately soluble in water It ex- 
plodes when quickly boated, but if the heat he cautiously apphed, the salt blackens, 
then melts and decomposes. 

The eino-salt is obtained by evaporation as a oiystaXlme powder neaidy insoluble in 
cold water. 


BuhsUiution-dcnvattves of Phihalic aoid. 

Phthnlio acid resists in a remarkable degree the action of dilorine, bromine, sulphuric 
anhydride and nitric aoid, and it is only with great difficulty that subsritution-com- 
pounds can be obtained. 

' Bromophtlialto aolil. Bromine heated with phthalic acid in a closed tube, does 
not scorn to act upon it, bnt if water is present and the temperature is raised to about 
170°, bromophtbalio acid is formed This acid ciystalbses readily m fohated crystals 
which are soluble in water, and sublime when heated, after fusion, without decomposi- 
tion The silver-salt is a orystaUiue precipitate somewhat soluble in water. 

Bi'omophthaho acid is remarkably stable, and can be boiled with water without 
decomposition. The bromine cannot be removed by the action of potash or of silver- 
salts, in which respect, bromophthahe acid comports itself very differently from the 
analogous compound bromosuoeinio acid. (Hugo Muller.) 

Chlorophtballo acids. Chlorine m the free state, or in the form of antimonio 
clilorido, has no action on phthahe acid, the only known chlorinated derivatives of 
this acid being those which are obtained indirectly by the action of nitric acid on the 
chlorouaphthmeucs. 

Diohloi ophthalio aoid, C*H''01*0‘, was once obtained (together with another 
aoid, probably di- or tri-ohloronaptbalic aeid) m the preparation of ehloroiyuaphthalie 
(chlorouaphthalio) acid (p 14). On saturating tlio boiling alcoholic solution with 
potash, the potassium-salt separated in silvery laminie, having when dried at 100°, the 
composition C*ffCl-K“0*. (W olff and Streoker, Ann. Oh. Pharm. Ixxv. 16.) 

Triohlorofhthalio aoid, C'H’CPO*.— When hexchloronaphthalene is boded for 
several days with nitric add and the product is mixed with water, a resinous muss 
separates out, and the solution yields on evaporation, a cirj'stallina magma of triehloro- 
phthalio aoid, which fitter repeotod pressure between blotting paper and recrystalhea- 
tion from boihng water, is obtained in crystalline grams. It is very soluble in water, 
alcohol and ether. Wlien heated, it is resolved into water and triohloroph th alio 
anhydride, C^HCl'O®. The ammonium-salt forms a white precipitate with salts of 
silver (Laurent.) 

Xritroplithallo acid, C'H’NO" = C'’H“(IfO*)0*. — This aoid is best prepared by 
the prolonged action of nitric acid upon naphthalene It is contained in the mother- 
liquors from which the nitronaphtlialenes (p 16) have been deposited, and may be 
separated therefrom by evaporating the hquid to a syrup, dissomug the residue in 
water, filtering, and again evapoiating The last mother-hqnors also contain phthalic 
acid (Laurent, Mariguao) — ^Nitrophthalic acid is also formed, together with other 
products, when phthalic acid is freated with pm-a nitric acid, or with a muituro of 
nitric and, sulphuric acids, (Hugo Muller ) 

Nitrophthulic acid crystallises in yellow plates, derivbd from a monoclinic prism, but 
ordinarily rendered hexagonal by the tcimeation of the acute angles of the rhombus. 
Angle oB : ooP = 104°, coP : <»P = about 126°, oP wPa, = 124°. Most of 
the crystals are heuutropic. The acid is moderately soluble ni boiling water, apanugly 
soluble in cold water, easily in alcohol and ether. Whou slightly heated in a tube it 
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yields a sublimate of nitropbthalie anhydride, together with water; ■when suddenly 
heated, it dears and gives off nitrous vapours 

Nitrophthaho acid is dibasic, forming acid and neutral salts. 

The add ammomiimsdU, 2H’0, is deposited on ;^oiiring a 

smaE quantity of nitric amd into the solution of the neutral salt, sometimes in prisms 
■with pyramidal summits, but more often in hexagonal and rhomboidal plates, It docs 
not gi've off any 'water at 120°, but 'when heated till it begins to melt, it gives off 
■water and is converted into nitropbtbahmide (p 632). 

Neutral ammmimi-salt, C*H''(NB'*)’‘(NO’)Ot — ^Wben an ammoniacal solution of 
nitrophthalic arid is left to evaporate, it deposits chiefly shining laminm of the acid 
salt ; but among these are sometunes found thicker bnt smaller oiystals of the neutral 
Balt, wbioh may bo picked out ■with a pair of forceps. This salt crystallises in monoclmio 
prisms usually having their obtuse edges truncated. Angle oP • ooP =. 103°; 
odP .*ooP = about 127°. 

The solution of the neutral ammonium-salt forms with solution of barium-ohlonde, 
even ■when very dilute and hoihng, a white crystallme precipitate, ■with the chlorides of 
etrontium and ealoinm, wlute precipitates, not however from dilute solutions , ■with mer- 
ourons nitrate, nitrate of silver and nitrate of lead, white precipitates. It does not 
precipitate sulphate of mamesinm, ferrous sulphate or cupric sulphate. 

The larium-salt, C«H*Ba''(N0')0'', is a hght yellowish- white powder, anhydrous 
after drying at 130°. It is quite insoluble even in excess of boding nitrophthalic 

The neutral lead-salt has not been obtained. On pouring acetate of lead into a solu- 
tion of the ammonium-Bolt, a flocculent precipitate is formed ■which changes on boihng 
to a yeho-wish powder, insolublo in -water, and oonsistmg of a basic salt, 
0'HW™0»)0^Pb'’0. 

The silver-salt, CffS‘A^(N0-)0\ is a white precipitate, insoluble in -water, and 
decomposing quiddy, -with emission of hghi^ when strongly heated. 

Dimtrophthalio acid, C*H''(N0^)®0*.— When phthalic acid is treated with pure 
nitric acid, or -with a mixture of nitric an^ sulphuric acids, a variable quantity of 
uiteophtln^o acid ia obtained, whilst some of the phthalic acid remains unaltered, and 
another portion ia converted into a mixture of several new acids, one of which is 
the dimtrophthahe acid. This latter acid, together -with the other new acids, is also 
obtained by the prolonged action of nitric acid on naphthalene and the chlorinated 
naphthalene. (Hugo Muller, Zeitsohr Oh. Pharm. 1863, p. 257.) 

Amidoplitlialtc aoW, C®H“(NH’)0< —This suhstanoe is prepared by the action 
of sulphydrate of ammonium on mtrophthalio amd, or more readily by the action of 
metaUiciron and acetic acid on the latter acid. On bringing in contact a concentrated 
solution of mtrophthalio acid with iron and acetic aeid, reaction soon sets in -with 
elevation of temperature. The muss is to he kept for some tune in a ■warm place, and 
after all action has ceased, the brown powder formed is separated as completely as 
possible from the metallic uon, and exposed for some tune in a moist state to the action 
of air, in order to prevent ferrous oxide from entering into solution on the subsequent 
treatment -with caustic ammonia The resulting product is exhausted with -warm 
ammonia, and the Altered solution is evaporated and exposed for some tune to the heat 
of the water-bath. The amidophthaUc aeid cannot be precipitated from its ammomaeal 
solution by the addition of an arid, it is best to expel the ammonia by heat. On 
treating the remaining mass -with -water, part dibsolves, -whieh is to be again evaporated 
and exposed to heat. The insoluble dirty-yellow residue consists of impure amido- 
phtbalio amd, which is best dissolved in water or alcohol, and then treated -with animal 
charcoal On eoohng, the amidophthalie acid myataUisee out in the form of lemon- 
yellow fibrous crystals having a silky lustre. 

Amidophthahe aeid is very little soluble in watei' or (dcoJiol at ordinary tempera- 
tures, hut more so at an elevated temperature, forming greenish-yellow solutions which 
exhibit a moat lemarkable green fluoreseenee very much like that of uranium-salts. 
(See A-Mr nnTKREPHTiTAT.in Aotd under Teebphthai.id Aero.) 

Amidophthalie acid combines with acids and -with alkalis. The hydrochlorie acid 
compound forms colourless foliated erystalB which in contact -with water or moist air 
become yellow by losing their acid. The compound -with sulphuric amd resembles 
the former 

On boiling for some time a solnbon of amidophthalie acid -with Tiydrochlono or svl- 
pKuno amd, a new acid is formed, -which is colourless, orystehiBes well, possesses a 
sweet taste imd is readily soluble m water and alcohol. This now acid appears to be 
isomeric -with the yeUow amidophthiilic amd. On treating nitroplitlioho acid with zinc 
or tin and hydrocblorio acid, no yellow amidophthahe amd is obtauied, appareutly 
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because the Iiydroohlorio acid present converts it, as soon as it is formed, into the soluble 
modification juat mentioned. 

Amidophthaho aoid shows a peculiar deportment to caustie aUcahs. Oamtie potash. 
dissolves the acid with facility to a pale yellow hquid which on evaporation yields a 
crystalline muss very soluble in water. Addition of an acid to this solution however 
does not precipitate the anndophthalic acid, as might he expected firom its degree of 
solubility, but it will do so on mixmg with sal-ammoniac and evaporating to dryness. 
— AmiTioma dissolves amidophthahc acid with diflSculty, the solution behaves like the 
potash-solution hut deposits the acid again on evaporation 

On passing a onirent of mtmis aoid into an alcoholic solution of amidophthahc acid, 
nitrogen is evolved and a gi'anular brownish-red precipitate is formed, which is the 
analogue of Gricss'a diazohenzo-amidohenzoie acid (p 292). 

Azoplitliallo aoid, — On treating a solution of nitrophthalic acid with 

sodium-amalgam, uo hydrogen is given off, hut the solution gradually turns yellow and 
hroivn. The product of this reaction is to be saturated with acetic aoid, which separates 
some resinous matter On addition of hydrochlonc acid, a yellow erystaUine precipitate 
13 formed, which after purification forma azophthaho acid This acid is of an orange 
colour, and orystallisss from dilute aqueous or alcoholic solution in well developed but 
small crystals of a deep orange colour It dissolves very slightly in cold water, more 
80 in alcohol, especially when warm. 

The azophthalatps are all coloured either yellow or orange. 

The potassiam^salt orystedlises well and is very soluble in water. 

The amtnonmm-salt resembles the former ; it does not Igse ammonia on being kept 
in a warm place for some time. 

The banum-salt is a yellow crystalline precipitate. 

Azophthalic acid appears not to form on ether on passing hydroohlone acid into its 
alcoholic solution 

This acid is the analogue of the ozobenzoic acid which Streoker(Ai}n. Oh.Pharm. 
oxsix. 129) obtained by the action of sodium-amalgam on a solution of nitrohonzoate 
of sodium (Hugo Muller) ' 

Azoxyplithallo aoid. When an alcoholic solution of nitrophthalic acid is heated 
for some time with an alcoholic solution of potash, the mixture turns brown, and if 
treated in the way just mentioned under azophthalic acid, yields nzoxyphthalio acid. 
This acid resembles the former, hut has more of a lemon-yellow colour. It foms 
small pwsmatio crystals, and yields crystalhne salts with most metals. (Hugo 
Muller ) 

PHTKAl^IC ANHYDRIIkE. C=H'0’. Fhtlialide. Fyroalizark artif.— Obtained 
by distilhng phthaho aoid. Sublimes m fine elastic needles, the trirnsverae section of 
which 18 a rhombus of 62° and 128°. It dissolves shghtly m cold water, more easily in 
boiling water, reproducing phthalic acid It is very soluble in alcohol and ether, melts 
at 106°, and crystallises in a fibrous mass on cooling It dissolves completely in 
aqueous ammonia, with considerable rise of temperature, and the solution yields on 
evaporation a mass of slender flexible needles, apparently consistmg of phthalamic acid 
or phthalamata of ammonium 

Tricldorophthalia anhydride, 0*H01‘0*, is produced by diatiUmg triohlorophthahc, 
aeul It is colourless and crystallises m needles from fusion. It unites with ammonia, 
forming a salt which gives a white precipitate with nitrate of silver. 

Nitrophthalic anhydride, C®’(N0'‘)0*, is obtained, by snhhming nitrophthalic acid 
at a gentle heat, in long white needles whose transverse section is a rhombus of 62° 
and 128° It is very httln soluble in water. (Laurent, Marignac.) 

PHTHAHO ETHERS. The ethyl-, amyl- and phenyl-ethers, 0“HXC“H“)'‘0\ 
&o , are heavy oily hqiuds produced by the action of the corresponding alcohols on 
chloride of phthalyl (H. Muller). The ethyhc ether is also produced by boihng the 
acid or anhydride with alcohol (Lanront ) 

PHTHAEIDB. Syn. with Pktkamo AiiBxniirTOJ. 

FHTHAEIDHtTE. C’H'N = (Husart, Ann. Ch Phys. xlv 336.)— 

A base produced by the action of sulphydric acid on nitrophthalene (p. 112), in the 
presence of alcohol and ammonia. A mixture of an alcohohe solubou of nitrophthalene 
and sulphide of ammonium is heated to 60° for several hours in the water-bath ; the 
greater part of the alcohol is distilled off, the remainder evaporated almost to dryness 
at a gentle heat , the residue extracted with dilute hydrochlonc acid ; and the filtrate 
saturated with potash. The precipitate is at first white and then redissolves in the 
aeid solution with a beautiful blue colour , on adding an excess of potash, flesh-coloured 
flakes are formed, which gradually become denser and dark-coloured. The precipitate is 
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•washed a flltsf teith -vrater, until the filtrate no longer exhibits an alkaline reaction; 
it then becomes BtystnUine. _ • 

Phthakdine erystalhses from its aqueous solution after the lapse of a feiv days in 
beautiful needles. When melted and cooled, it forms a crystalline mass of the colour of 
realgar It melts at about 22°, and -when it solidifies, the thermometer rises to 34 5°, 
It smells bhe naphthalene, and tastes unpleasantly pungent Its solutions do not 
restore the blue colour to red litmus, but its vapour (at wbat temperature ?) turus it 
immediately blue. Very small guantihes of pbtfiabdine impart a beautiful blue colour 
to solutions of ferric salts. It is moderately soluble m cola mter, and dissolves in all 
proportions in warm cdcokol and ether 

PbtbaHdine begms to boil at 255°, but the thermometer rises very rapidly, while 
decomposition takes place, and a carbonaceous residue remains behind. It is converted 
into a yellowiBb-white mass by chlorine-water. It rednees mt/ate of stiver, the solu- 
tion depositing very brilbsnt crystals. The aqueous solution produces a grey precipi- 
tate OTth mermrom salts, and a yellow precipitate -with ferrous salts It blackens on 
addition of cUonde of gold. A solntion of hydroehlorate of phthalidme is rapidly 
decomposed by tetraoUonde of platsnuw, assuming a green colour, and depositing blue 
flakes 'wbieh blacken on drying, a warm saturated solution of tbe salt forms with tetra- 
chloride of platinum beautiful yellow eiystals which partially decompose on di'ying. 

The salts of phthali dine are soluble m water and in alcohol. 

Hydroehlorate, CH'N.HCl -—A warm alcoholic solution of the base saturated -with 
hydrochloric acid immediately becomes filled with vioIet-blue crystals. 

The mtraie, C“H“N.H1T0*, is formed in a similar manner 

Sxdphate, 2C*H“N.H’S0‘ — Snlphimio acid unites directly with phtlialidine and 
forms a dark green mass, which attracts moisture from the air and becomes blue. The 
crystallised s5t is obtainedby double decomposition, or by mixing the alcoholic solution 
of the base with sulphuric acid. It dissolves much less readily in alcohol than the 
other salts 

StAyl-pAt/ialsdiue, =■ G*H'(0’H‘)N, is aUquid having the odour of 

phthalidme, and distiUing -without decomposition. The hydriodate, 0'“fl'’lT.HI, forms 
siivety flakes which give off iodine at 100° and turn yellow. The hydroehlorate is very 
similar. (Dnsart.) 

PBrSAXilIVIIDB. 0’H‘N0» » (Laurent, Ann Oh. Pbys. 

[2] Ixi. 121; [3] non. 119.)— -This compound, isomeric -withisatin, is formed by heating 
acid phthalate or phthalamate of ammonium 

0»fl*(NH*)0* « C«S‘NO» + 2B:»0. 

A.cid phth&laU. 

C‘'H«(HH^)NO* « C«H*NO« + H»0 + KE*. 

Phthalamate, 

It IS colourless; crystaUises from ether by spontaneous evaporation in six-sided prisms 
derived from a rhomboidal pnsm -with angles of 113°. It melts when heated, and 
solidifies in a striated mass on cooling ; at a stronger heat it boils and sublimes in very 
light flakes It is inodorous and tasteless It is insoluble in cold mater, and sbghtly 
soluble in hot water; e.isily soluble in boiling dcohol and ether. It is not attacked by 
cblonne or by .weak or diluted acids It dissolves in strong ndphuno mn^when beuted, 
and if water is added to the solution, phthalic acid separates out on cooling Boded 
■with an alcohohc solution of potash, it evolves ommoma, and forms phthalate of potas- 

Siher-phthahmide, C^ffNAgO’ — A boiling alcoholic solution of phthalimide does 
not precipitate nitrate of silver, hut on addition of ammonia it deposits a pulverulent 
precipitate or crystalline spangles, which dissolve m hot ammonia and erystalhse out 
unehaiigod. The solution of the silver-salt m ammonia and a little hot water depo.sits 
needles -which appear to consist of phthalamate of ammonium When boated, it 
molts, swells up and forms a black mass, which at a higher temperature assumes a 
fine green colour, with golden lustre, like the wings of oantharides, phthohmide sub- 
liming at the same time. (Gerhardt, TVaifd, in. 488 ) 

Fhenyl-phthalimide, ^ jH. — On melting pbthahe acid 

■with aniline, and treating the cold pulverised mass with boiling alcohol, pbenyl- 
phtbalimide remains as a crystalline powder, which may ho purified by BuWimatiou 
and recrystollisation from hoilmg alcohol. It forms beautiful colourless needles, in- 
soluble m water, melts at 203°, and begins to sublime in needles before fusion. With 
melting potash it yields aniline and phthalate of potassium. Boibng aqueous ammonia 
converts it into phenjl-phthalamic acid. 
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mtrophthalimide, is produced by heatmg 

lutpophthalate of ammonium. 

PHTHAlYIi, CHIiORIBB OP. (^CWO’y'd*. (H.Mullor.Zeitaohr Oh Phaim. 
1863, p. 257.) — Phtlialie acid or anhydride le readily acted upon by pentachlonde of 
phosphorus, with evolution of hydroehlono acid and phosphoric onychloride The 
product is a heavy oily liquid of peculiar odour, resembling chloride of benzoyl It 
distils at about 270“ without decomposition, and does not solidify on cooling It sinks 
in water, but soon becomes converted into phthahe arid If kept m imperfectly closed 
vessels, it gradually deposits large crystals of phthalio anhydride. It acts vrith energy 
on the alcohols, forming the corresponding ethers (p. 6S1). 

Ohlonde of Mtfophthalyl is prepared like the preceding, and resembles it in its 
properties, but cannot ha distilled without decomposition. 

PHTHAIfflTB. {Kieselsckuftr ) A flinty fissile variefy of granular quattzhaving 
a grey, black, or greenish colour. 

PHTCIO ACXD. (La my, Ain. Ch. Phys [3], xrxv. 129.) — ^Au acid contained, 
together with pliycite, mProtooaoma vulqans. It is extracted by alcohol, and separates 
tiiorefrom by slow evaporation in bulky stellate groups of needle-shaped crystals, 
colourless, somewhat unctuous to the touch, tasteless, inodorous, and permanent in the 
air Speoiflo gravity = 0'896. It melts at 136°, solidifying to a sillcy crystalline 
mass on cooling, begins to boil at 160°, gradually decomposing and oxhahng a cbar- 
aoteristio odour. By distillation it yields oily products, insoluble m water, very soluble 
in alcohol. The aoid is insoluble in water, hut dissolves, especially when aided by 
heat, in aloohol, ether, acetone, and oiU both fat and volatile • 1 pt of it dissolves m 16 
pts. of boiling absolute alcohol. The alcohoUo solution is neutral 

Phyoio aoid gives by analysis 69 8 — 70 8 per cent. o<irbou, 11‘7 — 12'0 hydrogen, and 
8 7 — 8 8 nitrogen, besides oxygen , no formida has been proposed for it. 

Phyric aoid dissolves in strong eutphnna acid, and is repreripitated by water. HPitna 
acid attacks it slowly, forming a hght very ncnd oil and a erystalUsable acid It is 
not attacked by dry ohlonne even in sunshine Iodine and phosphorus act upon it only 
at high taniparaturoa. It is decomposed by heating with potos«»?», yielding hydro- 
eyanio aoid, together with other products. When heated with soda-lime, it gives oflf 

Ammonia has no aetion on phyric acid JPotash and soda dissolvo it, forming salts 
which crystahiso m needles are neutral to test-papers, and dissolve m water and 
alcohol, forming solutions which froth hke soup-water. Most of the other salts of 
phyoio acid are insoluble. The silver-salt is white, and blackens on exposure to hght. 

PHYCITB. Syn. with EESTKEOHAHinTB (u. 604). 

The term phyoite has lately been extended by Cariua (Ann. Oh.Phavm. cxxxiv. 71)> 

, to the series of tetratomio alcohols homologous with natural phyoite. 

He has obtained, by an artificial process, a 3-carbon alcohol, having the composition 
^ I prepared several of its denvatives , but whether this alcohol is really 

homologous in constitution with native phycite, cannot he determined tdl the 4-earbon 
compound has also been obtained by a correspondmg process, and its proper- 

ties and reactions compared with those of natural phycite (see TniTTn-PHTOiTs) 

PHTCOCYAN and FKYCOBRYVBBIHr. These names are appHed by 
Kiitzing to a blue and red oolouring matter, apparently of the same composition, 
existing in several red sea-weeds. (Handw. d. Chem vi. 496.) 

FBYCOHAiniAPZIl’. A rad colonnng matter, obtainod by Eutzing from 
Jiytiplaa hnotona. It is extracted from the fresh alga by maceration in cold water^ 
and separates in flocks on evaporating the solution and adding alcohol It is insoluble 
in ether and in oils. The colour is destroyed by exposure to sun-light, so that old 
specimens of the alga are often destitute of colouring matter. (Handw loo. at,') 

FBYXiJjni' OlfANCB. A mineral from Deutseh-Pdson in Hungary, containing," 
according to Plattner, sulphur, antimony, tellurium, lead, and gold. 

FBYIiXiITB. a mineral from Sterling, Massachusetts, rasemblmg ottreEte 
(p. 248), and containing 38 40 per cent sibea, 23 68 ulumiiia, 17 62 ferric oxide, 8 96 
magnesia, SOpotash, and 4'80 water, a composition which may be represented by the 
formula (Mg'';A“)SiO''(AI’,FB=)SiO'H'0 {Banvmlsberfs Minartichenae, p. 866). 

PBYBBOOBIiOB. Syn with OmoEoPHytt 

PBYI.I.OOYAia'ZB and PBYI.ZiOXAMrTHIKr. These names are apphed by 
Friiuy to a blue and a yellow sabstanoo, of which he supposes chlorophyll to be 
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compoae J, He separatee them by agitating chlorophyll -with a mixture of ether and 
hydrochloric acid, the yellow substance then dissolving in the ether, and the blue m 
the hydrochloric amd (Frdmy, Compt. rend. 1. 405, Jahresb. 1860, p 633). According 
to H. Ludwig, also (Arch. Phanu. [2] evi. 164, Jahresb. 1861, p. 738), when chlo- 
rophyll (from young wheat-leaves) is boiled with strong alcohohe potash, and the 
solution IS neutrahsod with hydrochloric acid, a yellow precipitate is formed, together 
with a splendid blue liquid, which leaves phyllocyanin, ou alow evaporation, as a dark 
blue mass. Stokes, on the other hand, condiides, from the fluorescent and absorbent 
properties of chlorophyll, that it does not eontain a blue substance, and that Prdmy’s 
phyllocyanin is a product of the decomposition of chlorophyll by acids. (Chem. Soe. J. 
xni. 314.) 

PBVXiJVORETnr. A fossil resin found, together with tefcoretm, in the fossd 
wood of Denmark It melts at 86° — to 87°, dissolves easily in alcohol, and appears to 
have the composition C“H“. (Porohammer, J. pr. Ohem. xx. 469 ) 

VS’XJAOX.ATSTmsSst. A yellow substance, produced, according to Prim y 
(loo. eit), by the action of bases on chlorophyll, or on phyllocyanin. It is reconverted 
into phyUooyanin by the action of adds. 

PHTI.IiOXAIfTKni'. The yeUow substance pre-existing in ohlorophyll. The 
mode of separating it from the blue constituent by the action of ether and hydro- 
chlorio acid, or alcoholic potash and hydrochloric add, has already been mentioned 
It may also ho obtained by adding hydrate of aluminium to an alcohohe solution of 
oWorophyE diluted with a considerable quantity of water. The whole of the colouring 
matter is then precipitated as a yellowish-green alumina^lake, from which the phyllo- 
xanthin may be extracted by smpbide of carbon, leaving the loke of a more bluish- 
green colour. (F r 4 m y .) 

FBTSAXim. C”H*0'. (Dessaignes and Ohautard, J. Phann. [3] xxi. 24) 
The bitter principle of the winter cherry {Physalta alTeeJecngi), a sohmaoeous plant 
growing in the south of Europe, sometimes used as a substitute for quinine in the 
treatment of intermittent fevers. 

It IS prepared by briskly agitating the aqueous extract of the leaves with ehlorofor.m, 
which deposits it after long standing; and is purified by dissolving it in hot alcohol, 
with admtion of a little charcoal, precipitating the filtered hqiiid with water, and 
washing the precipitate with cold water on a filter. 

Phyaalin is a fight perfectly amorphous powder, having a yellowish colour and a 
bitter taste, sbght at first, but afterwaids strong and persistent When dry, it becomes 
strongly electno by friction. It is very slightly soluble in cold water and in ether, 
somewhat more in bodmg water, easily in chloroform and in alcohol, especially the 
latter. When heated, it softens at abont 180°, and decomposes at a higher temperature. 
It is but slightly soluble in acids, moderately soluble in ammoma, but the alkah is all 
■driven off on evaporation. The alcoholic solution does not precipitate ammoniuoal 
nitrate of silver, but gives a white precipitate with acetate of lead and ammonia. 

PSTSAlilTE or Pi/rophytdliU. A coarse nearly opaque variety of topaz, found 
in yellowish-white crystals, which intumesco when heated hence its name (from 
^vaiveiv, to blow) It oceiirs in crystals of great size at Fossum in Norway, at Finbo, 
Sweden, in a granite quarry, and at Braddho, in a boulder ; one crystal from the last 
locahfy, at Stockholm, weighs eighty pounds. 

PBYSETOI.BIC ACXD. G'"H''"Oh— A fatty acid discovered by Hofstadter 
(Ann. Ch Pharm xci 177) in sperm oil . isomeric if not idenheal with hypogreic acid, 
obtained from the oil of Aiaehis hypogeea (m 238). 

To prepare it, the soap obtamed by hoihng the od with potash-ley is dissolved in 
bofling alcohol, and the filtrate, after being freed from alcohol by distillation, is 
diluted with water, and repreoipitated by ammoniaeal sugar-of-lead. The pre- 
cipitate, washed by decantation and dried in the air, is drenched with ether, which 
dissolves physetoleato of lead and imdecomposed spermaceti, leaving nudissolved the 
lead-salts of the solid fatW acids. The solution is separated ; part of ether is 
distiUedoff; the residue decomposed by hydrochloric acid, the ethereal solution is 
mixed with ammonia and chloride of barium ; the precipitate is collected, washed, and 
dried in a vacuum; and the ethal and spermaceti are removed from it by cold ether. 
On repeatedly boiling the nndissolved physetoleato of barium with alcohol of 98 per 
cent., and coohng the resulting solutions separately, the portion taken up is'^deposited 
as a white powder, which must be eoUeeted out of contact with the air, washed with 
^eohol, and immediately dried in a vacuum It may be obtained pure by recrystaUia- 
ing It twice more in the same way, and decomposed by boding with aqueous tartaric 
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Physetoleic acid crystallisaB in stellate mups of colourless needles , it is inodorous, 
melts at 30°, and solidiflca at 28° (hypogimo add from earth-nut oil melts at 31° or 36°). 
In its reactions and combinations it exactly resembles hypogteio acid. 

PHTSODIST. (Q-erding, N. Br Arch, htxxTii 1.) — neutral sub- 

stance oeoirrring in Punndiaceratoph/lla, var ph^sodea (also CBSisA.Parmelia pJi^sodes). 
To obtain it, tbo hchen air-dned and cut m pieces is macerated -with ether for several 
days ; the ether is evaporated , and the residual white powder is purified by washing 
it with alcohol, and repeated crystallisation from absolute alcohol. 

It forms a white loosely eoberent mass, appearing when magnified 120 times to 
consist of four-sided truncated prisma. It melts at 126°. Dried at 100°, it gives by 
analysis (mean) 49 76 per cent, carbon and 4‘63 hydrogen, the formula requiring 60‘70 
eai'bon, 4 28 hydrogen, and 46‘07 oxygen. 

Physodm behaves to water like a resin, not being wetted thereby. It dissolves in 
alcohol of 80 per cent, but is insoluble m absolute alcohol, in ether, and m acetic acid. 
It IS not altered by dilute acids. It dissolves easily m warm aqueous ammonia, form- 
ing a yellow solution which becomes reddish on exposure to the air. In carbonate of 
ammonia it dissolves ahghtly at ordinary temperatures, easdy on boihng; m potash 
mstantly with yellow colour. Acids precipitate from these solutions hght yellow or 
reddish flocks , the potash-solution yields a dingy-yeBow precipitate witii ehlonde of 
barium. The aloohoUo solution is not preoipitated by chloride of barium, but yields 
with aoetaU of lead a pale yeEow precipitate soluble in potash ; with ewprvo sxUphate 
a pale green; and with nitrate of mver a brown-red precipitate. 

AnnENiTOM:. CeraiopAyUt«(O.H68se,ALn.Ch.Pharm,cxii 366). — Thisaubstance 
occurs, together with physodiu, in Parmelia ceraiophyUa, var. phyaodes. To prepare it, 
about 3 lbs. of the Kohen, after being washed with water, is stored up with dear bme- 
water , the alkaline solution is neutralised with hydrochloric acid ; and the resulting 
yellowish-grey flocoulent precipitate is washed several times with cold water to remove 
the excess of acid, then collected, dried in the air, and i'eed from imerystalhsable 
matter by digestion with boihng alcohol of 76 per cent There then remains a dark 
green, soft, elastic mass, probably contaming physodm and usme acid, to remove which, 
the mass is boiled with strong soda-ley. A dark brown liquid is thus obtained, winch, 
on cooling, deposits oeratophyllin uumixed with either of the substances just mentioned. 
It may be separated from the mother-hquor by filtration, and purified byxeoiystalhsa- 
tion from boumg alcohol with the aid of ammal charcoal 'Wnen the hchen, without 
previous washmg, is stirred up with thm milk of hme, the yoUowish filtrate does not 
yield any precipitate with hyarochlone acid. The precipitate formed as above de- 
scribed IS particularly abundant when the hchen h,ia been ohtamed from birch-stems, ' 
and the maceration has not been contmued for more thim 18 hoiu's. 

Ceratophyllm forms thm white prisms, which when placed upon the tongue, produce, at 
first, a shghtly irntatmg taste, soonbeeommg rather strongly perceptible in the throat; 
subsequently a persistent burning sensation is experienced on the tongue. It melts at 
147° to a coiourlcss liquid, and sohdifles in the orystallme form between 136° and 138°. 
It begins to aubbms even at the melting point, and at a somewhat higher tomperatore 
sublimes very easily and without alteration, m thin colourless lanunse. 

Oeratophyllin appears to be a h%her homologue of orsellinate of ethyl, ; 

its meltmg pomt is about 18° higher than that of the latter. 

Oeratophyllin is much more soluble in hot water than m cold ; it dissolves readily 
in alcohol, ethei , potash-ley, agueovs ammonia, and lime-water. The aloohohcsolutiou, 
which has a neutral reaction, is coloured purple-violet by a small quantity of fem'xo 
chloride, blood-red by solution of chloride of him, the latter colour being destroyed by 
excess of the reagent , no precipitate with alcoholic sugar-of-lead or mtrate of silver. 
Prom the ammoniacal solution hydrocldoric amd throws down the ceratophyUin in thin 
prisma. Ceratophyllm dissolves in dilute mine acid, the solution acquiring only a 
slight yellow tint when heated. Strong aidphurzc aetd dissolves it without alteration 
at ordinary temperatures, but chars it when heated. 

FHVSOSTIG'nillS'll. (X Xobst and 0. Hesse, Ann. Oh. Phonn. cxxix. 116; 
Jahresb. 1864, p. 454.) — An alkaloid obtained from the Calabar bean, the seed of 
Phyeoatigma venenosum, a poisonous leguminous plant growing in marshy situations 
near Attarpah and Old Calabar in Upper Grumea. The poisonous power appears to 
reside on jv in the cotyledons By repeatedly exhausting toe shelled beans with boiling 
alcohol or80 per cent., and evaporating the extract, a yellowish residue is obtained, 
which dissolves in water with acid reaction, .and separation of a small quantity of oil. 
Heutral acetate of lead added to this solution throws down an aeid (not precipitable by 
lime-water, chloride of calcium, or nitrate of silver), and the filtrate freed from lead by 
sulphydi'io acid, yields on evaporation a red residue, from which absolute alcohol 
extracts acetate of physostigmine, leaving gum undissolved. 
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The base itself is most easily prepared from the extract by saturating its solution in 
a small ijufintity of cold water with caloined magnesia, evaporating, and treating the 
s till moist residue with ether, as long as that solvent takes up any of the base. The 
ethereal solution is agitated with a few drops of very dilute sulphuric aoid; the lower 
dark red layer of hquid is again shaken np with magnesia ; the base thus separated is 
dissolved up by ether ; and the solution is left to oviiporate. 

Physostigmuie thus obtained is a brownish-yellow amorphous mass, spaiingly 
soluble in water, moderately soluble in ether, alcohol, benzene, ammonia, and soda. 
Prom the ethereal solution it is completely precipitated by animal charcoal The 
aqueous solution has a slight hunnug taste, a distinct alkaline reaction, forms akermes 
coloured precipitate with iodide of hydrogen and potassium, and precipitates ferric 
hydrate from a solution of the chloride 

The soluhons of physostigmine m acids have a dark red or more rarely a dark blue 
colour ; they are more or less decolorised by siilphydrie acid, and leave the salts in the 
form of red amorphous masses, easily soluble in water and in alcohol. They form amor- 
phousprecipitates with tojiuioacz'ii and Vfith •platinw, aunc andmwoMMc chlorides. The 
gold-salt decomposes easily, with separation of the metals. 

Phyaostigmine is the active principle of tho Calabar bean. The solution ^vem in 
Era hU doses to a rabbit produces parJysis m five and death in twenty minutes, without 
contraction of the jmpils. When dropt into tho eye, however (even an hour after 
death), it produces in ten minntes considerable contraction of the pupil According to 
ChnstiBon, a dose of 0-8 gim. of the bean produces vertigo, and strong paralysis of the 
volunTsjy muscles without any painful symptoms ; according to Harley, a piece of the 
size of a miUet-seed wdl kill a cat or a rabbit, aocording to Eobertaon, the bean 
produces transient contraction of the Sphincter Iridv) and Musovlim oiltans, and 
therefore affords an excellent means of counteracting dilatahon of the pupil. The 
dooholio extract of the beans is the most convenient for medical purposes. 

PKYTOCBSKXSTRY. The Ohemistiy of Plants. The most comprehensive 
treatise on this subject is that of Eochleder, pubhshed at Leipzig m 1854, and given in 
a somewhat abridged form in the eighth volume of Gmelin's “ Ilandbnoh der Ohemie,” 
containing : 1. The proximate principles of plants arranged aocording to orders and 
geneva. — 2. The nutrition of plants, and the formation and metamoiphoses of their 
several constituents. See also the articles, Ash of OaoAino Bombs, MAiruEa, and 
NuTBiTioif OF Plahts m this Dictionary, also the sovoral articles describing the 
ohemioal constitution of individual plants 

PHTTOMBSilN or Plant-yellow. A name proposed by "W. Stein for rntin, on 
account of its wide diffusion in the vegetable kingdom (See Eumtf.) 

PIANZITB. An earthy resin occurring at Pianze near Henstadt in Carmola, in 
browmsh-hlack masses with yellowish-brown strenje. Hardness = 16. Speoifio 
gravity = 1 220 It melts at 315“, and burns with an aromatic odour and much 
smoke, leaving 6'96 per cent ash. It dissolves in ether and in oausUo potash, ffeely 
also in absolute alcohol When heated in a glass tube, it yields a yellowish oily 
distillatd having an acid reaction. (Haidinger, Pogg. Ann. ixii. 276.) 

FICAIiZAB. One of tho products of the distillation of wood-tar. It is an oil of 
specifle Ei’avity ITO, imetnous to the touch, having a faint odour and a burning hitter 
taste It boils at about 270°, and unites with alkalis, forming crystalheahle oom- 
pounds. (Eeic hen bach.) 

FICHtTRIC ACXD. Syn with Lauiuo Aoin (iii. 473). 

FXCBVRinX-OXXi. Pieluirim-beans, Fiibm Piclumm mnores (from Oeotea 
pichury nanor, Martins), yield by distillation with water, a yellow oil, emelliug hke 
bay and sassafras oil, an 1 having a sharp burning taste. By diatillntion with sulphuric 
aeid (whicli prevents the beans from aggrcgutuig into a pa.sty mass, and increases the 
yield of liquid), Miiller (J pr. Chem. Iviii. 4631 obtained a yellowish-green oil, 
having the peculiar odour of the beans, sbghtly soluble in aqueous alcohol, easily solu- 
ble in absolute alcohol and m ether. By repeated fractional distillation, it may bo re- 
solved into a number of oils of constant boding point, viz. (1) A coloniless mobde oil 
boiling at 160°, and emitting, when rubbed between the fingers, a very pungent 
odour hke that of the leaves of Teucnim Marrnn. — (2) A transparent coloju'less od 
boding between 166° and 170°, and smeHmg hke oranges when its vapour mixes with 
the air m small quantity, like turpentine m larger quantity Both those oils, after 
drying over cldoriae of eideinto and solid potash, consist o,ssentially of a hydrocarbon 
O^H®, partly altered by oxidation — (S). A yellowish-green oil boding between 236° 
and 240° smelhng like the beans, more viscid tbim the preceding, and agreeing nearly 
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in eomposition witi the empirical formula — (4) In larger quantity, an oil 

hoilnig between 280° and 266°, and agreeing nearly m composition with the formula 
C““H“’0. This oil has a faint odour and deep blue colour permanent in the dark, 
but changing to greenish-yeUow under the influence of hght or of oiadising agents, 
appeai'ing then to he converted into that last described. 

PioJiurim-camphor According to Bonasbre, piehurim-oil is resolved by cold 
alcohol into a etrong-smelhug elseopteno and a nearly modorous camphor or stoaroptene 
which separates m white shining mioaceons laminro. According to Muller, the dark 
blue oil above raeutionod deposits c^stols of lauric acid, which may be exteaoted in 
larger quantity by means of soda. Bonastre’s camphor perhaps consisted either of 
Bus acid or of laurosteann. 

PIcattROSTHARIC ACID, Byn. With Lausio Acm. 

PICKRRIKraxTB. Native magnesitt-alum found near Iquiquo in Peru (see 
Sulphates). 

PIGOBIlffB. CHTT Odonne. (Tlnverdorhen, Pogg. Ann. viii. 269, 480; xi. 
69. — Anderson, N. Ed. Phil J sli. 146, 291, Phil. Mag J. [3]xxxiii. 185; also 
J. pr. Chem 46, 166 , Ed Phd. Trans, im. Pt. 1, 219 , Phil Mag J [4] ix 214 , also 
Ed Phil. Trans, xxi. Pt. 4, 678 — 0 Greville Williams, Chem Soo Qu J.yii 97; 
Ohem. Gaz, xu, 283 ; Ed. Phil. Trans, xxi. Pt 2, 313, Church and Owen, Chenu 
News, ii, 146. — Wertheini, Ann Ch Phinun Ixx. 62 , Chem. Gaz vii 309 ) 

In 1826, Unverdorbon, while invcstigatmg the fcetid odobtnined m the destructive dis- 
tillation of bones, discovered several volatile alkaloids Among these was one distm- 
guished by its overpowering and persistent smell, to this substance he gave the name 
of odonne. The experiments of Gnverdorhen however, alBiongh conducted with re- 
markable skill and perseverance, did not in any way establish the composition of the 
bodies which he separated, and as no salt was obtained by him free from other homo- 
logues of the same senes, we shall not, except in special cases, quote his results. Most 
ot the facts observed by him may be found m Gmelin’s Bandbook, xi 263 et sea. But 
in 1846, Dr Anderson succeeded in isolating a base from coal-naphtha, which he 
showed to he isomeno with aniline He also showed its relations to Unverdorben’s 
odorme, and gave it the name of pioolino Subsequently he detected the same 
alkaloid in bone-oil, accompanied by numerous homologues, including pyridine, the 
first member of the series 

Ooowrnnoe and Formatton , — 1 In coal-naphtha (Anderson) —2. In hone-oil 
(Anderson), — 8. In the tar produced by distilling the bituminous shale of Dorsetshire 
(W illiams) — 4 It is probably contained in the basic liquid obtained by Btenhonse 
in hia researches on the products of the destMietivo distillation of beans, &e. — 6 Abase 
possessina the same centesimal composition and boding point is found among the pro- 
ducts of flie distillation of cinchonine (Williams). — 6 In the distdlata from peat 
(Church and Owen) The statement by Wertheim that piooline is yielded by 
piperine when dietdled with soda-hme is erroneous. The base obtained in that manner 
is piperidine, C*H‘'N The question of the identity or isomerism of the tertiary mona- 
mines formed during destructive distillation is one of the gi'eatost diffloidty, and recent 
researches have shown not only that the chinoline and leiicolme series are distmct, 
bnt also that the pyridine senes, as found in the distillate from cinchonine, uLo 
form a distinct doss. (See Lumdimb, in 787.) 

Preparation . — The preparation of all volatdo bases (except pyrrol) from the oily pro- 
ducts of destructive distillation, is conducted in nearly the same manner The oils 
are first to be shaken up with sulphuric acid diluted with about twice its weight of 
water. This treatment with acid may he repeated to ensure the enfaro removal of the 
lust portions of the bases. On standing, the acid solution settles to the bottom of the 
vessel and may he removed by means of a siphon or separator A veiy good apparatus 
for the puiposo consists of a carboy from which the bottom has been removed. It is 
to be inverted and placed on any convenient support which will allow of vassals being 
placed heneatln A sound bung to which a stopcock has been fitted is then to ha 
cemented to the neck of the carboy. The mixture having been placed in the separator 
the acid hquid is to he di’awn off below. The next step is to boil in an open vessel as 
long as pTOol is given off This may he ascertained by holdmg a shp of fir-wood, 
moistened with strong hydrochloric acid, in the escaping steam. When the wood is 
no longer reddened the boiling may be stopped. If it be desired to savo the pyrrol the 
operation must be conducted m a still. As soon as the pyrrol has been expeUed, the 
liquid iis to be stramed through calico to remove pitchy and resmons matters An 
excess of eaustie soda is then to he added, and the whole distilled as long as the dis- 
tillate contains bases This may be ascertamed by seeing whether fumes are given 
off on the approach of a rod dipped in hydrochloric aciA If the distillato le very 
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■weak, ifc is ta be eoneentratad by a second distillation, before proceeding to the next 
operation. The next stop is to add a'largo excess of soHd potash to the bquid, so as to 
render tho bases insoliible, and cause tbem to rise to the surface. This operation must 
be performed -with care, m order to prevent the temperature nsing sufficiently to cause 
a loss of the more volatila constituents. 

The basic oil -which rises to the surfeee after the addition of the soHd potash, is to be 
separated ftom the aqueous liquid, and placed in bottles of moderate size The mix- 
tiu'O of bases still contmns a large quantity of water, which must be entirely removed 
before proeeediug to the next operation. To effect this, sticks of potash are to bo 
added and the whole allowed to stand a few minutes The water wfll soon begin to 
aet on the potash, and the solution of hydrate of potassium which sinks to the bottom 
of the bottles is to be removed as fast os it is formed. The most conveniout mode of 
doing this is by means of a large pipotto fmnished with a -videamscd india-rubber 
ball at Its upper extremity. The ball is to bo pressed flat in the hand, and the lower 
end of the pipette being immersed in the liqmd to be removed, the pressure on the baU 
is to be lessened, the fiquid wdl then enter the bulb of the pipetto and may, after re- 
moval, be expelled by renewing the pressure. After proceeding as above for about 
half an hour, it will goneraUy be found that the separation of the water tviU begin to 
take place very slowly. More solid potash is then to bo added and the whole loft 
at rest for some hours; the removal of the aqueous portion is then to be repeated. 
It will require a day or two of digestion to effiictuaily remove every trace of moisture 
It -will also be found -that the more volatile and soluble in water the bases are, the 
mors digestion wiU be isqmred. It must not be forgotten that if aniline and its 
homologues are present, they must be destroyed by boihng with nitric acid before 
attempting the dehydration. 

It is absolutely essential to remove eveiy trace of moisture before proceeding to 
fraotional distillation. The smallest quantity of water ivdl give rise to the greatest 
errors if it he attempted to separate mixtures by taking advantage of the differences in 
the lioiling points of the substances present The whole liquid will now require to be 
subjected to a complete and syatematie distillation. This process is oxcoedingly tedious 
and takes a vast amount of time A mixtwe containing six or eight homologous bases 
■will require thirteen or fourteen complete fiuetionations, invol-ving nearly a thousand 
distillations, before anything approaching to complete separation -mil he effected. For 
full details of the methods of conducting the operation, the reader is referred to the 
original memoirs quoted at the head of this article. 

The piooline will be found in the fractions boding at about 13S°. The fractions dis- 
tilling in tho twelfth or thirteenth reebfloations between 130° and li0° -will consist of 
almost pure picolme. 

Properties.— Picoline is a colourless mobile liquid whioh does not freeze at 0°. It 
has an intensely powerful and characteristic odour, and when inhaled through the nos- 
trils, produoes a bitter taste in the mouth and hack of throat. It fumes strongly on the 
approach of a rod dipped m hydroohlone aoii It blues litmus hut does not affect the 
colour of a soktion of red cabbage It does not yield any eolo-ored reaction when 
eldoride of bme is added to its aqueous solution, but the mixture acquires a new and 
peculiar odour. It hods steadily at about 136° (Anderson) Its speeiflo gravity at 
0° is 0 9613. The density of its vapour was found by experiment to be 3 '290 Theory 
rsqiures 3'224. The refractive indices of a specimen prepared from peat by Mr, 
Ohureb, and having a specific gravity of 0 966, were found by Gladstone and Dale to 
be for A, 1-4888; D, 1-4980, H, 1-6314, the temperature at lie time being 22 6°. 
(PhU, Trans 1868, p. 317.) 

Dccmpoaitions — 1. Tho action of cUonne on picolme varies according to the 
mamier in which tho experiment is made 'When a current of the gas is passed 
through an aqueous solution, absorption takes place, the hquid becomes brown, and a 
peculiar pungent odour is evolved Prom the solution potash precipitates a dark 
brown resinous matter But if excess of picolme be poured into a bottle of 
chlorine, and the liquid be distributed over the anrfaeo of the bottle, the greater portion 
is converted into a orystalliaed mats, which, on treatment -with water, leaves an amor- 
phous powder of dazzbng whiteness. It is insoluble in water but soluble in alcohol. 
It consists of thehydroeblorate of trichloropioaline, CffClW HOI (Ander- 
son). — 2. Bj-oriime-wafsr added to solution of picolme yields a resinous preoipitate, 
iuBolublo in water, but solublo in alcohol and other. When picolme is thrown into a 
vessel filled vnth hromme-vapour, the reaction which ensues is analogous to that with 
chlorine — 3. loiim lu presence of water yields hydriodate of piooline mixed with a 
brown impimly — 4. Nitne aeid does not readily decompose picolme even wheC boded , 
no piorio acid is formed even after prolonged obuUition. Nitrio acid in the cold yields 
nitrate of piooline (AnderBon).~6. Miiwi eobobatod for some days -with picolino 
couvei-M It mto parapicoline, a new and remarkable base apparently polymeric with 
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picolino itaelf. Its formuU is C“HISr.C“H’N = C'H'W It toils tetwecu 260° and 
316°, and is at tlie same time partially decomposed, with fonnation of pyrrol and eui- 
bonate of ammonium. It must be diatUled in a current of hydrogen at a temperature 
below Its hoiUng point. (Anderson.) 

PiooLiOT-sAMS — Piooline nmtes with acids forming salts, most of which are 
exceedingly soluble, but in general crystallisuble when earefuUy prepared On mixing 
them with sti'ong acids eonaiderable heat is evolved. AH picohne-salta are readily 
decomposed by fixed aUtaha, with separation of the base, 'i'hey closely resemble the 
salts of pyridine. 

HydrooJiloraie — Hydrochloric acid and picoline mixed in the propordon of one 
equivalent of each and carefully evaporated on the water-bath, yield prismatic crystals, 
which sublime when gently heated The sublimed salt is deliquescent. (Anderson ) 
Ghloroouprate of ^cohne. — Large rhombohedral crystals obtained by evaporating 
cupric elilonde with hydroohlorate of picoline. 

ChloromercuraU, 0“H’N.Hg''Cl- — ^Picoline added to a strong solution of corrosive 
sublimate yields a curdy precipitate Prom dilute solutions it may be obtained in 
needles. The salt must be air-dried as it evolves picoline when heated. (Anderson.) 

CAloioaiirate— Ddioiite yeUow needles dissolving in 20 pts. of boding water. 
(Hnverdorben.) 

GMoroplatimte, 2(0“H'lSr.H01).Pt*''CP. — This salt vanes in appearance with the mode 
of preparation. A concentrated solution of tetrachloride of platinum added to a 
strong solution of hydroohlorate of piooline, yields orange-Vollow needles requiring 
about 4 pts of boiling water for solution. (Anderson.) 

The platinum-salt is slowly decomposed by boiling with water, and yields, after eight 
or ten days, an insoluble substance resemhhng flowers of sulphur, and havujg the 
formula C'“H‘“Pt'W4H01 It is the salt of a platiuum-buse analogous to plutinamiue ; 
It IS, therefore, the dihydroohlorate of platinopicoline. If the ebulhtion of 
the original platinum-salt with water be arrested at a certain point, which is only 
ascertainable by esperiment, a double salt crystulhses out containing 1 at. dihydroehlo- 
rate of platinopieoluie united to 1 at. chloroplatinate of picoline. (Anderson.) 

Sulphate of Vioohne . — A neutral sulphate of picoline has not yet been obtained, 
owing to the tendency of the base to escape. When an excess is added to the acid, and 
the mixtui'e is evaporated on the water-bath, the base continues to fly oflf until an acid 
salt IS formed, which on cooling soldifles to a mass of colourless dehquescent ciystals, 
(Anderson.) 

Oxalate of Piooline — ^When excess of picoline is udded to solution of oxaho 
acid, and the mixture is evaporated over lime, the whole eventually solidifies to a dense 
crystalline mass, very soluble in water and alcohol. Heated to 100° it melts giving 
off picoline and yielding an acid salt (Andsrson.) 

Suhstitutmi-denvativea of Picoline. 

Eydriodate of Ethyl-pieoltne, = C«H*(C»H=)N.HI.— Picoline is 

to be mixed with excess of iodide of ethyl, and sealed in glass tubes. On heating to 
100° in a water-bath, oombmatiou begins to take place Smost immediately, heat is 
evolved, the liquid separates into two layers, and in a fewminutes the reaction is com- 
pleted. On cooling, the upper stratum solidifies to a crystalline mass, and crystals 
also form m the lower layer which eonsists principally of the excess of iodide of ethyl. 
The solid and liquid portions are to bo throm on a filter, and the crystals washed with 
a mixture of alcohol and ether , after draimng, the salt is to be dissolved m as small a 
quantity as possible of a boiling mixture of alcohol and ether. As the liquid cools the 
new substance is deposited in beautitnl sdvery plates. It is very soluble in water and 
alcohol, hut less soluble in ether. (Anderson.) 

Ethyl-pioohne, — ^When the hydnodateis dissolved in water and moist oxide of 
silver is agitated witli it, iodide of silver is precipitated and the base remains in solu- 
tion. Heat must be avoided as the base is readily decomposed. It the oper.ition be 
cautiously performed, a colourless solution resultB , it has a faint but pceuUor odomi, and 
is highly alkaline. It restores the blue of reddened litmus, turns turmeric brown, has 
a powerfully caustic taste, and feehs soapy between the fingers. It reacts with metallic 
salts generally like potash or soda On hoihng, the solution becomes red, and ethyl- 
amine iSipvolved (Anderson) 

Platimm-salt of Ethylpicohne, 2(C“H“H.HCl).PtClb— Orange-red tabular crystals 
of considerable size and great beauty. (Anderson) 

Qold-aalt, C"H”IT.HCl.AuCl* -r-Golden-yellow flattened pnsms. 
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Ethylene-dipicolyl-diammonium, ■= — TlioeUo- 

ride or bromide of this base is obtained by treating pieobne with chloride or hiomide 
of ethylene. e.a., 

2(0"^)'"^ + C»H*01'> =. (C>H'‘)"(C“H’)’N=01^ 

(Ohureh and Owen) ; see also Davidson (Chem. See. On. d. xiy. 166). 


Constitution of Piaohne. 


Ficolino is a tertiary monamine, formed on the type of one atom, of ammoma 
But it differs from the tertiary mon.imines produced by the notion of the iodides 
of the alcohol-radicles on ammonia, inasmuch as, instead of haying the three atoms 
of hydrogen in the type replaced by three atoms of a radicle, they appear to be re- 
placed by one triatomie rddide. It is therefore usual to write its formula ((FH’)'"!!. 

' Nothing certain is known of the nature of any of the tnatomio radicles contained in 
the tertiary monammes produced hy destnictiye distillation. 0. G. W. 

PICOliZT'E. A Mack chromiferons spinel, occurring as an aecossory constituent 
in Lherzohte (in. 686) It has a density of 4 08, and contains, according to Damour’s 
analysis (Jahresb. 1862, p 724), 66 0 per cent alumina, 8 8 chromic exude, 10 3 mag- 
neaia, 24’0 ferrous oxide, and 2 0 siliceous residue ( = 101 2). 

EIOBAMIC ACID. OnWO®. — ^An aeid produced hy the action of reducing 
agents on picno acid (bee^NiTBonaaNAMio Aoins, p 406), 

SICBAaiZiaOKinBi. c®*®" = |n’. Lautemaiin,Ann.Ch.Pharm, 

oxxy. 1.)— A lu-ammoninni, the iodide of which is produced by the action of iodine 
and phosphorus on aqueous picric acid, that is, of hydriodio acid on picric acid: 

C»H“(N0“)"0 + 23HI - + 7ffO + 10I=. 

A Baturated solution of picric acid, treated with iodine and phosphorus (bast with 100 
pts, lodmo to about 20 pts phospbonis), becomes boated to the hotting point, and on 
subsequently distilling off the excess of hydriodio acid in an atmosphere of oarbomo 
anhydride, the remaining liquid solidifies, at a certain degree of concentration, to a mass 
of long yellowish needles of the tn-iodide, which may be obtained nearly colourless by 
washing with alcohol contmmng ether, solution in absolute alcohol, and evaporation lu 
a vacuum over oil of vitnol. 

Iodide of piorammonium is deliquescent and becomes resinous on exposure to light, 
orystalhses Q'om aqueous hydriodio acid, but not from water , from the aloohoho so- 
lution it IS precipitated in the resinous state by stber The aqueous solution reduces 
platinto chloride, foims a steel-blue precipitate with a strong solution of feme cMortde; 
and imparts to a dilute solution a deep blue colour, which changes to violet after a 
while, and then disappears, a floceulent precipitate separating at the same time. 
titrate of silver added to the solution of the iodide throws down silvor-iodids and 
metattie silver, the supernatant hqmd tmmuig blue. The iodide evaporated with mil lo 
aoid, pves off a small quantity of gas, and yields brown crystals forming a blue solution 
in water. With poitah-lty it gives oflf ammonia, luid deposits brown flocks The 
dilute solution of the iodide, mixed with a little ammonia, becomes blue ; the concen- 
trated solution acqnu’es a transient dark-green colour 

Picwmine, or hydrate of picrammouium, cannot be isolated on account of its ready 
oxiduhihty. 

■) 

Acid Sulphate of Piorammonmm, =. (0“II'‘'N*)"')-0^, is ob- 


tamed hy miMig the solution of the iodide in absolute alcohol with dilute sulphuric 
aoid, in greyish-white flocks, which ciystalhse with partial decomposition from water 
The sulphuric acid is completely precipitated from this salt by cMoride of barium. 

Sidphato-iodideofRcrammoniumiiC^'^N’)'"^^^^*^ .2II“0 = (osBNNs)'" ( 
is obtained in hght, amber-yellow, octahedral crystals, when the aqueous solution of 
the iodide, mixed with dilute sulphuric acid, is left to evaporate. It is easily soluble 
in water, nearly insoluble in alcohol and ether, and diflScult to crystalhse from water. 
Acid FhaspkaloAodide of Pwrmrnmaum, | .2H’0 = 

in the ciystallme state on mixing the aqueous iodide 


(fO)" Iq, 
(C“ff‘N'')'"|^ 2H»0, 


wdth orthophospboric acid. It dissolves easily m water, with difficulty m alcohol and 
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ether. Phosphoric acid added to tlie alcoholic aolubon throwB down an insoluble salt 
free :toin iodine, the solution of which in hydrochlono acid deposits needles having a 
satiny lustre. 

FICKAKCVli. The name applied by Berzelius to stdbene or hydride of stilbyl 


PXCSAll'AliOIKB. A mineral occurring in geodes in the gabbro of Tuscany; 
also in the steatitie paste of a metalliferous dyke It forms trapezohedrons and cubo- 
trapezohedrons, with diatinet oubie cleavage. Hardness = 6. Specific gravity = 
2 '267. Colour, flesh-red to colophonite-red. Lustre, vitreous. Contains, according 
to Bechi (Sill. Am. J. [2] xiv. 62), 69T1 per cent, silica, 22'08 alinnina, 10'12 mag- 
nesia, 0'45 soda, 0'02 potash, and 7'67 water (■=. 99-46), agreeing with the formula 
^pQsjiSiO’.ffO, which is that of analeime (n 210) having the greater part of the 
sodium replaced by magnesium. The mineral has most probably been formed from 
analeime by the action of water eontainmg magnesia. (Dana, u. 318.) 


PICRAHISIC ACID, The name applied by Cahonrs to picric acid obtained by 
the aetiofl of potash on trinitranisol, which he supposed to he an isomenc modifloation; 
but it has sinea been shown to be identical with picno acid obtained from, other 
sources (p. 402). 

PICRIC ACIB. 0®H“(170’)®0. — Already described as trinitrophenio acid (pp. 
400-406). 


PICBIN-. A hitter substance, pf doubtfol constitution, obtained by Badig from 
fox-glove {Sigitahs pitrp^trea). It is>desoribed as a yeUow-brown, sometimes crystalline 
substance, soluble in water, alcohol, and ether, and precipitated from the aqueous 
solution by merourio chloride, ferroeyamde of potassium, and acetate of lead, not by 
carbonate of potassium, or sulphate of copper (Handw d. Ohem. vi. 603). 

PXCBOC-I-Amc ACXB. Syn. with Isopubpubio Aotn (iiL 433 ). 

PICROER-XTBRIH'. — A body produced, together with orsellinio ether, 

by the action of boiling water on arythrm, in connection with which it has been already 
described (li. 603). 

p-PicTo^thnn, — ^Lamparter (Ann. Ch Pbarm. oxixiv. 243), by treating 

South American varieties of Soocelta fuciformtt with milk of lime, us in Stenhouse’s 
process for the preparation of erythnn, has obtained a body which he calls P-ert/thnn, 
having the composition , differing from that of erythrin by OH’ (whence it 

might he called mthyl-oiythnn), resembling erythrin in most respects, but molting at 
116° — 116°, with -violent evolution of oarhonie anhydride, whereas erythrin melts, ac- 
cording to Hesse, at 137°, and does not give off carbonic anhydride till heated above 
200 °. 

fl-erythrin, boiled with wafer, yields orseUinio acid and fl-picroervthi-in. The reaction, 
and that by which ordmary picroerythrin is produced from erythrin, are represented by 
the equations : 


C“H«0>» + E’O = 

Erythrin. OnelllDlD ncld. Picroerythrin. 

C3ih;mO'» = 0'H’0< + C'OT'O". 

jS-erjitbrlQ. ' Oreelllulc acid, ^-.picroerythrin. 


fl-erythrin, boiled with strong alooltol, is resolved into oiseUinic ether and fl-picro- 
er^hrm : 

C’'H«0'» + C’ffO =. C»H’(C’H»)0« + + H?0, 

/3-erythrln Alcohol. Oraollinio g-plcro- 

cther. orythrln 

On distilling off the aloohol, a syrupy residue is left whidi sohdiffles on cooling. 
The solution of this mass in boiling water yields on coohng silvery laminee of oi-seHmie 
ether, and the mother-bquor evaporated to a syrup, deposits fl-pieroerylhnn in stellate 
groups of needles, 

Beta-pioroerythrm has a shght acid reaction, and gives a red colour with chloride of 
hme. It is very soluble in water and in alcohol, sparingly in ether. It dissolves also 
iu ammonia, and the solution forms -with basic acetate of lead a -white precipitate, 
and withTsitrate of silver a reddish precipitate, which deposits metaUic silver when 
warmed. 'Wheif boiled -with haiyta-water, it yields carbonate of barium and /3-orein. 

PIORORBUITE. A mineral consistang of a siheato combined with fluor spar 
and water, occurring at Lupikko, near Pitkaranta, in Hiuland. It is white, with a tinge 
of green or bine, single-refraoting, with an unctuous to dull lustre - hardness =. 2 to 3 ; 
spaoifle gravity = 2 74 It melts before tbe blowpipe with intamescence and spirting, 

Voi. IV. T 97 
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difiSolTBS completely in acids, and gives off, mtli sulpWie acid, a large quanti^ of 
fluoride of silicon. Analyses, a ty A. and J. Galindo, h by Ajqppe, gave 
SlOa F Ca"0 Mg''0 Fe"0 Mn"0 Hao 

a. 20 90 11-16 22-72 28 79 1-64 0 78 8-97 = 94 86 

h. 32 16 . . 19 86 2519 3 60 • - 9-08 

These analyses lead to the formula (4M"0 3SiO“) 2Ca''F.3H’0. (Arppe, Jahresb. 
1862, p 762.) 

PICBOGIiTrciOW. Duhamann — A. substance contamed, together with solanine 
and other matters, m bittersweet or Slipitcs Dukamarm, the stems of Solamm 
Duioamara It is obtained free from solamne by exhausting the aqueous extract of 
the stems with alcohol, diatilhng off the alcohol, dissolving the residue in water, pre- 
cipitating the solution with basic acetate of lead, decomposing the lead-prooipitate with 
sulphydric acid, and evaporatmg the filtrate to dryness On treating the residue with 
acetic ether, and leaving the ether to evaporate, pieroglyeion is obtiimed in small stel- 
late crystals, which may be freed fisim mother-liquor by pressure between paper. 

Pieroglyeion has a sweet and bitter taste, melts very easily, and is decomposed, with 
carbonisation, at a higher temperature It is very soluble in water, alcohol, and acetic 
edier; insoluble in common ether It is not precipitated from its solutions either by 
metallic salts or by tincture of galls 

PIOROBICHEUTN. A substance contained, according to Alms (Ann Ch. 
Pharm i. 61) in Variolana amam. It is extracted by alcohol, crystalbsed by evapo- 
rating the solution to a syrup, and purified by washing with a weai solution of potassic 
carbonate, and recryatallising from alcohol 

It forms truncated rhombic octahedrons, colourless, permanent in the air, inodorous, 
very bitter, and having a specific gravity = 1 176 It melts at 100°, and carbonises 
at a higher tempei-atm-e, givmg off vapours free from ammonia It is insoluble lu 
cold water, slightly soluble in boilmg water, very soluble in alcohol, ether, volatile oils, 
and sulphide of carbon, and with aid of heat in fixed oils. The alcohohc solution has 
an acid reaction. 

Picrolichenm is decomposed by nitric, hydrochloric, and phosphoric acid. IVith 
caustic it forms a red solution, from which acids precipitate a brown-red bitter 
substance. When left in contact with ammonia in a close vessel, it first becomes 
nacous and resinous and ultimately dissolves, forming a hquid which is colourless at 
fli-at, then turns reddish, finally aafifron-yellow, and deposits after a while, shining yellow 
tufts of flattened tasteless needles easily soluble in alcohol and m caustic alkalis They 
effloresce m dry air, give off ammonia when heated, and melt at 40° to a glutinous mass, 
having a deep eherry-ied qolour, and beha-ving -with solvents bite the crystals. The 
same red body is formed when the ommoniacal solution of picrohcheniu is left to 
evaporate in the air. Its formation seems to show that piorolichenin is a source of 
orem, and probably identical with one of the colouring aoids of the bchens (leoanorio 
acid, &o.). 

PICROXflTE, A fibrous dark-green variety of serpentine, somewhat resembling 
asbestos; found ui Silesia, and at Philipstadt in Wermeliincl, Sweden 

PICROMERITE. Potassio-magnesie sulphate, Z-Mg*(SO')“.6H“0, cryetaUised 
from the solutions of sahne orusts, from the fumaroles of Vesuvian lavas of the 
eruption of 1866. (Scacehi.) 

PICROPHARiaACOUTE. See PHABMACOniTIl (p. 387). 

PICROPHYXXi (from iriKpds, bitter, and ifuiAAov, a leaf) A massive foliated, 
fibrous, magnesio-ferrons sUieato, from Sala in Sweden. It has a deep greenish-grey 
colour , hardness = 26; specific gravity = 2 76 Before the blowpipe it turns 
black and then white, without melting ; when moistened with cobalt-solution and 
ignited, it turns pale red. Contains 49-80 per cent, sdica, 30 10 magnesia, 6 86 ferrous 
oxide, with trace of manganous oxide, 0 78 bme, 1 11 alumbia, and 9 83 water 
( = 98-48), whence the formula 3('g]Vrg'' pi'e")SiO".2H'0 It is perhaps an altered 
augite (Svanherg, Pogg Ann. 1. 662.) 

VIOROBIVCXSTB (from iriKpiis, and offM, odour). A hydrated silicate of magnesium, 
occuiTing, with magnetic iron ore, near Presnitz, in Bohemia, in trimefric crystals, ex- 
hibiting the combination QoP . oePoo . ootoo f®. Angle ooP . ®P = 126° 62'; 
®P® »P = 163- 26'; ooiP® : f® = 121° 6'; t® - j® (over ® V= 62° 11' ; 
adjacent = 117° 49j Cleavage parallel to ®S® perfect; parallel-to ®P®,less so, 
traces parsHel to P® . It occurs also fine-columnar and granular Hardness = 
2 6—3 Specific gravily = 2 69—2-68. Lustre on cleavage-face pearly , elsewhere 
vitreous Colour greenish- white, also dark green and grey. Streak white Subtrans- 
lueent to opaque Emits a bitter argillaceous odour when moistened. When heated it 
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giYes off ■water contamiiig ammonia ; tehiivea before the blowpipe l&e picropbyll. 
Contains per cent sihea, at'SS magnesia, 0 79 alnmina, 1'40 ferae oxide, 0 42 
inauganons oxide, and 7'30 water (= 99-16), wheueo the formula 2Mg"Si0’.H“0, the 
magnosinra being partly replaced by iron. (Magnus, Pogg. Ann. -ri. 63 ) 

PICBOTHOIWSOlsriTB. A white radiate minoral, from the gabbro of Tuscany, 
containing, according to Bechi (Sill. Am. J. [2] xiv. 63), 40-38 per cent silica, 31-25 
alumina, 10 09 hme, 6 26 magnesia, 0 28 alkali, and 10 79 water. It is probably a 
thomsouito hamng the soda replaced by magnesia. (See Thomsomtb ) 
SICH.OT03CXC ACXD. The name given by Pelletier and. Gouerbe to piorotoxin, 
because it unites -with metallic oxides. 


Eegnault, Ann. Ch. Phys [2] ikviii 180 — L. Barth, J pr. Chem. xci 166, Bull. 
Soe Chun. 1864, u 388.) — The poisonous principle of the seeds of Coccnlas mdious 
(jt/cmspemum GoooiUm). To prepare it, the pulverised seed is twice exhausted with 
hofling alcohol , the alcohol distdled off, the residual fat boiled out uuth a large quantity 
of water , and the brown aqueous extract mixed with a small quantity of neutral lead- 
acetate to remove coloimhig matter. The filtrate, freed from lead by snlphvdrie acid, 
is then evaporated, and the piorotoxin which separates is repeatedly crystaJlised from 
water till it becomes colourless * (Barth ) 

Piorotoxin usually ci-ystallises from pure solutions in stellate groups of needles ; 
fi'om coloured hquids m interlaced spongy threads, which after a while change into 
more sohd needles, more rarely info laminte (probably containing -water of crystallisa- 
tion). It is permanent in the air, inodorous, has an intensely bitter taste, and is 
neutral to vegetable colours It decomposes -without fusion when strongly heated It 
dissolves in 160 pts of cold, and 25 pts of boiling water; in 3 pts of boiling alcohol 
of specific gravity 0-800 , also m ether and in warm fixed oils. Its aleohoho solution 
turns the plane of polarisation to the left , [o] = —28° (BoueUardat andBoudet), 
= -88° (Pfaundler) for a column 1 metre in length. It is very poisonous, pro- 
ducing vertigo, convulsxous, and death. 

AnaUjtet of Ptci oloim. 

. «- Calculation 

rtlleller. /U2nwns 

and Cottorbe. 

” ’ . 60-91 61-43 


Oppermann, whose analyses differ considerably from all the rest, proposed the 
formnla 0‘H“0^ rei^uinng 61 2 carbon and 6 1 hydrogen, hut aU the other analyses 
agree very nearly with the formula Barth’s analyses also give 60-2 per cent 

as the maximum percentage of carbon. 

Piorotoxin unites witl; wkahs, baryta, hme, and oxide of lead, forming nnerystallis- 
able compounds which are difflcnlt to purify. On boiling it for some hours with dilute 
snlphurio acid, satm-ating with oarhonate of barium, and evapoi-atuig the filtrate, there 
remains a syi-up which dissolves in alcohol and dries up to a gummy mass having the 
composition C®‘H’“Ba"0‘“ or 0“'H*"Ba''0"’.6H“0. By boiliiig for 30 hours with diluto 
sulphuric acid and proceeding as above, a barium-compound is formed containing 
C**lI“Ba''Oi'' or C“^B["Ba''0'‘' 4H-0. The organic substance separated from this com- 
pound dissolves easily in water and alcohol, and dries im to a light yellow gummy mass, 
which when cb-ied at 130°, has the composition or 

Pierotoxm in many of its reactions exhibits the characters of a sacchorme substance. 
It reduces oupno omdo from alkalmo solutions, and when boded with dilute acids, 
takes up water, forming a substance which also reduces oupne oxide The reducing 
power of pierotoxm is, however, about five times less than that of glucose With 
mtHc tmi, it yields oxaho acid, and when distilled with sadja,-lvm», it gives off a small 
quantity of bquid having the odour of motacetone 
Piorotoxin dissolves in strong euipAttne ootd, forming a safi&on-eoloured solution. 
With sulphuric acid and potesic dichromate it assumes a red-brown, and on heating 
a dark bi-o-wn.^colour (Sebmidt) 

Bromopicrotocfitl, C'“H'’BrO', is formed, with evolution of hydrobromie acid, by 
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the action of l)roiaine on picrotoxin. It separates slowly from aleohoUe solution in soft 
crystalline groups, but on adding water to the solution, it is obtained as an amorphous 
flocculent precipitate, which dries up to a strongly electric powder. 

Nitropicroioain, C'*H“(ifO’‘)0*, is formed by dissolving picrotoxin in a mixture 
of strong nitnc and siUphuno acid, and is precipitated by water as a flocculent mass 
which crystallises from dilute alcohol in small needles. It is not explosive, but de- 
composes when heated to 100°, or when the solution is boiled 

Detection op Pioeotoxhc — The intensely bitter taste of picrotoxin has led to the 
use of coccnluBgrainsaa a substitute for hops in beer, and as it is a veiy poisonous sub- 
stance, its detection in beer and other organic liquids becomes a matter of importance. 
For tins purpose, T. J". Herapath absorbs the picrotoxin by means of animal charcoal, 
then dissolves it out by alcohol, and leaves it to crystallise from the alcoholic solution 
(see Bbeb, i. 687). According to W. Schmidt, however (J pr. Ohem. Ixxxvii. 844 ; 
Jahresb. 1862, p. 629), this method cannot be depended upon for the detection of small 
quantities of picrotoxin, on account of the veiy sbght absorbability of that substance by 
charcoal ; the charcoal indeed appears to he iiseM wither for removing the colouring 
matter, lemn, and extractive matter of the liquid, than for taking up the picrotoxin. The 
prooesa recommended by Schmidt for tlie detection of picrotoxin in watery hqnids 
such as beer, is as follows The liquid is evaporated over the water-bath to a syinp , 
the residue is dissolved in a snfacient quantity of water to form a mobile liquid , this 
solution IB agitated with S or 6 gnus of animal charcoal, and filtered after several 
hours, and the filtrate is completely precipitated with basic acetate of lead. The 
wine-yellow hqiud separated from the precipitate is then repeatedly shaken up with 
6 to 10 per cent, of amylic alcohol, and the oily layer, which contains the greater part 
of the picrotoxin, is decanted after standing for 24 hours The portion of picrotoxin 
still remaining m the watery liquid may be separated by a repetition of this treatment. 
The united extracts are then left to evaporate m a moderately warm place, the 
yellowish residue is dissolved in weak spirit , the liquid evaporated to dryness ; the 
residue boiled with water mixed with a small quantity of siuphurio acid , and the 
hquid IS decolorised with animal charcoal, filtered, and evaporated till it acquires a 
distinctly bitter taste. It is then repeatedly shaken with ether, and the ethereal 
extract, after addition of a little alcohol, is left to evaporate. By repeatedly dissolv- 
ing the residue in weak spuit, and leaving the solution to evaporate, the picrotoxin may 
be obtained in tufts of fine silky crystals. The ohMcool used for decoloration and 
the lead-precipitates retain traces of picrotoxin, wbioh may be dissolved out by hot 
alcohol. When picrotoim is to be searched for in an alcoholic liquid, it is sufficient 
to evaporate, exhaust the residue with boihng water, deoolonse the liquid with 
animal charcoal, concentrate the solution, and treat it with etlier, &o , as above. 
J. W. Langley (Sill. Am. J. [2] xxxiv. 109) acidulates the suspected liquid, and 
agitates it mth ether which takes up the picrotoim, which moy then be orystalhsod 
by evaporation on a watch-glass According to Schmidt, on the other hand, piarotoxm 
does not crystoUise from ether or from amyho alcohol 

The picrotoxin having been separated as above, is easily recognised by the great 
faeihty with which it crystalhsesfrom alcohol, and the peouhar characters of the crystals 
(i 837); also by its strong bitter taste, its reaction with sulphuric acid and potaasio 
chromate, and its power of reducing cupric oxide in aUcalme solution, 

PICBYH or Cnjmt A substance formed, togetherwith others, by submitting to dry 
distillation the crude product of the action of sulphydrate of ammonium on bitter- 
almond oil. On treating the distillate with ether, picryl dissolves together with 
stilbene, and separates after the latter, in colourless, inodorous, monoclinio octahedrons, 
insoluble in water, very solnblo in other, much less soluble in alcohol Tt is attacked 
by chlorine, bromine, and nitric acid, yieldmg peculiar products. (Laurent ) 

The name picryl is also used as synonymous with trinitrophenyl, C'H’fNO®)’, 
the radicle of picne acid, &o. CMonde of Ficryl 0“H*(N0®)*C1 is obtamed by the 
action of pcntachlonde of phosphorus on picric acid (p 403). It is a yeUow solid 
having an agreeable odour, solimle in alcohol and ether, not volatile without decom- 
position. Water decomposes it, yieldmg hydroehlonc and pionc acids ; ammonia con- 
verts it into picramido. 

PICTITB. ^yn with Sphbne. 

PIDPUffOTOlUXB. A mmeral constituting the principal-part <si a meteorite 
which fell on November 30, 1860, near Shalka in Bangoorah (East Indies), and was 
first desonbed by Biddmgton (Joum. of the Asiatic Soo of Bengal, 1862, xx. 299). 
The mmeral consists, according to Haidinger (Wien. Akad. Ber. xli 261 , Jahresb. 1860, 
p 848), of dark ash-grey, coarse-grained particles of rhombic or monoclinio structure. 
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aggregated into apterioal massea aaveral inchea in diameter, -wHeli are endoaed m a 
aomewhat lighter, pumiee-like imneriU having a more fine-grained atructure. The dark 
grey crystalline particles (piddingtonite) are eompoaed of fi7-66 per cent ailiea, 20 65 
ferrous oxide, 153 hme, 12 00 magnesia, -with trace of alnimna(« 98-84). The 
ash-grey mass encloses slao small black grannies of ehrome-iron. The crust of the 
meteorite la very thm, of hlaeldah-brovm colour, mth very little luatre. 

PIGOTIxa. An ineruetation occurring on the granite cliffs of Corn-wall, consiating 
of alumina combined -with an orgaiuo aubstance called mude&om aad (lu. 1060 ). 

F IKXiITB. A doubtful mineral apeoiea between talc aad mica, found at Fahlun m 
Sweden 

FIMAKIC ACID. (Laurent, Ann. Oh Phya [2] Ixxii. 384 , [3] 

xxii. 469 — Sio V ert, Zoitaehnftfur diegesnmmtenliraturwT8Ben&chafteii,xiv. 811.)-— An 
acid ream occurring m the turpentine of Ptnvs maritima, which hardens on exposure 
to the air, forming the suhatauee caUed galipot, also in the colophony of Bordeaux 
(i. 1087) To prepare it, the galipot of commeree, after being freed from admixed tnr- 
pentme, la pulverised and stirred up -with a mixtm’e of 1 pt ether and 6 pts. alcohol, 
■which 13 poured off after a short time. The undissolved portion treated twice more 
in the same way, and then dissolved m boiling alcohol, yields, after several days’ 
standing, crystaUina orueta, which must bo promptly taken out and purified by recr^a- 
tallisation from boiling alcohol (Laurent) It may also be obtained by washing 
Bordeaux colophony -with cold alcohol, dissolving the residue m boibng alcohol, and 
leaniig the solution to oryatallise, 

Pimanoacid forms white, warty, crystalline crusts, consisting of microscopic rfectan- 
gular or sometimes six-sided prisms (Laur ent) ; fine thin lamms, the primary form 
of -which is a quadratic prism often truncated on the edges, ox acuminated (Si e v or t). 
It melts at about 125°, and solidifies only at 68°, to a limpid, sometimes cryatallogra- 
nular mass , the acid dried in a vacuum loses under these circumstauces 0-4 per cent, 
water (Laurent). It sinters together between 120° and 186°, and melts completely 
at 168° to a clear liquid from which the unaltered acid sublimes ,at 120°. In a capil- 
lary tube, both the crystallised and the already fused acid melt at 168° (Sievcrt). 
Speoifio gra-rity = 1 1047 at 18°. It is Isevorotatoiy, but in a less degree than sylvic 
acid. It gives by analysis 78-18 per cent, carbon and 9-74 ^drogen (Laurent); 
79 02 carbon and 9 87 hydi-ogea (Sievert), the formula C“H“0’ requiring 79'47 
carbon, 9-94 hydrogen and 10 59 oxygen. According to these results pimaric acid is 
isomeric with sylvio, and probably also -with abietic acid. 

Pimaric acid is insoluhls in leafor, hut dissolves in 10 pts. alcohol at 18° and in its 
own weight of boibng alcohol (Laurent) , in 13 pts. alcohol of 92 per cent , in 2 pts. 
at the boiling heat (Sievert). Fused pimanc acid dissolves quickly when tritmated 
with an equal weight of cold alcohol, but the solution solidifies almost immediately 
from separation of crystals 

Amorfhoua Pimanc Amd — Crystallisedpiniainc acid becomes amorphous by keeping. 
It then dissolves in its own weight of alcohol, the solution not solidifying in the orys- 
tallme form, hut depositing, when mixed with water, a soft mass having the same 
composition as crystallised pimaric add Pimanc acid in the fused state or dissolved 
in alcohol does not undergo this transformation (Laurent). Laurent suhsequently 
regarded amorphous pimanc acid as identical -with pinie acid. 

The pimarates of the alkali-metals are soluble The alcoholio solution of the acid 
does uot precipitate the alcoholio solutions of the chlorides of strontium, cdcium and 
magnesium, except on addition of ammoma, which produces a copious predpitate in 
the calcie solution, less abundant m the others. The dcohohe aad mixed at the boding 
heat -with the alcoholic solutions of plumhte, ouprio, or argentic acetate forms amorphous 
precipitates after some time The lead-salt dried in a -vacunm contains 26 6 per cent, 
lead-oxide, agreeing approximately with the formula C*H**Pb"0*, which requires 27-66 
per cent 

Pimaric acid distilled in a vacuum in quantities not exceeding 10 grms. yields first 
traces of water, then pyromaric acid solidil^ng for the most part in the neck 
of the retort, and ultimately leaves only a trace of charcoal Larger qnanties of the 
acid distilled in vessels containing au-yield chieflypimaroue. Pimaric acid gradually 
added to strong sulphuric acid forms a brown-red solution, which if poured mto water 
afters 24 hours deposits reddish-grey flocks. 

By hodingsmth mtrio acid, pimaric acid is gradually converted into nitro-m arie or 
azomario acid, (^E“(NO“)''0-', which collects on the surface of the liquid as a yellow 
friable resinous mass which may be purified by repeated boding with water, or by solu- 
tion in -acid and precipitation -with water This acid decomposps when melted, leaving 
a bulky charcoal, but does not glow or deflagrate even when quickly heated. It burns 
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like a resin, and yidida ky dry distillation a very small quantity of oil. It is insoluble 
in Tvater, soluble in oU of vitriol, alcohol and ether ; the alcohohc solution reddens 
litmus. It forms reddish-yeUow salts, those of tho al/caii-metds being soluble, the 
hariuM-sdlt insoluble. The alcoholic solution of tho acid forms yeUowiah , precipitates 
■with rtcviral aaetato of lead, and mtrata of stiver. 

FlMAnOHli. O^H^O, — ^Wheu a considerable quantify of pimaric acid is dis- 
tilled in a vessel containing air, and the viscid distiUate, consisting of pimarone 
mixed with pyTomarie acid, is saponiiled 'with potash, the pimarone is taken up mto 
the soap formed hy the pyromario acid , and on agitating the pulverised soap with 
ether, the pimarone dissolves, together -with a small quantity of potiissium-salta, which 
may be removed by water. The residual pimarone, after being washed uath dilute 
potash-ley and with water, and dried in a vacuum, is yellomsh, has the consistence of 
a fixed oil, and dissolves m alcohol and ether. It hardens almost completely on expo- 
sure to the air. 

PIMEXIC ACXD. O’H'W = I Q3 (Laurent, Ann Ch Phys. [2] 

Ixvi 163 ^Bromeis, Ann Oh. Phann. xxxv. 104. — Gorhardt, Bev. scient. xix. 12. 

— Sao(% Ann. Oh. Pharm. Ii. 221.— Arppe, ibid cxv. 143 , oxxiv 98 — Gm xii 463 ) ’ 
This acid was discovered by Laurent in the mother-honors residtmg from the action of 
nitric acid on oleic acid, and is like-wise produced by the action of nitric acid on wax, 
spermiicetic and other fatty bodies. Saoc obtained it by the action of nitne acid on 
linseed oil. 

Lament prepares it by boiling 200 or 300 grms. of oleic acid for ^elve hours with an 
equal weight of nitric acid, cohobating the distillate from time to time, The nitric acid 
is then decanted, the undissolvod portion again tioated with a quantity of nitwo acid 
equal to the former, and the ebiuhtion continued for another twelve hours. Tbs 
oper.ation is repeated .six or seven times tiU only about a fifth of the oleic acid remains 
undisboived. The decanted portions of nitrio acid are then united and evaporated 
down to one-fourth. The residue left to itself for twelve hours deposits granules of 
suberic acid, which are to bo pressed, moistened with cold water, again submitted 
to pressm-e, and the expressed liquids evaporated, tho vessel being cooled from time to 
time, and the suherie acid which separates removed. This acid may be recognised by 
forming grannies which are soft after being pressed with a glass rod Gradually, 
however, pimelic acid begins to separate in hard sandy grams, mixed at first with 
suberic acid, which is easily removed by levigatiou -with water. By a new evaporation 
more pimelic acid is obtained, but it crystallises very slowly, the deposition not being 
complete for several days The evaporation must not be pushed too far, because the 
mother-liqnor contains other acids of still greater solubility. The pimelic acid may 
he fiieed from adhering subeno acid by means of alcohol, which easily dissolves the 
latter, and finally purified by crystallisation fr-om boihng water. 

Pimelic acid forme grains of about tbe size of pins’ heads, appearing under a magni- 
fying glass as groups of crystals, the form of which cannot be made out It is inodo- 
rous, but has an acid taste It molts at about' 114° (Laurent) ; at 134° (Bromeis), 
distils at a liigh temperature 1 pt. of tho acid dissolves in 35 pts water at 18° , it is 
very soluble in boiling water, also m warm alcohol and ether , it dissolves also in 
hot strong sulphuric amd. 'When heated -with hydrate of potassium it gives off hydro- 
gen without blackening. Tho residue contains oxalic acid, and when treated with 
mineral acids gives off a volatile acid resenrblmg valenamc acid (Gerhardt) : 

C'B>»0* -4 2ffO = -I- 2m 

Pimdic acid is dibasic, but only the neutral salts, C’H'M'O* and CIH®hI"0^ are 
knoiTO.— The aiimonium-salt gives off anunoma when boiled, and gradually oh expo- 
sure The acid neutralised with ammonia does not precipitate the salts of barium, 
strontium, calcinm, magnesium, manganese or zine. With Imd-aalts it forms a -white 
precipitate, apparently insoluble in water and in alcohol , -with ferrio salts, a hglit-rod 
precipitate; yiith. met ouno chloride, n white precipitate. — The copper-salt, 0’H'“Cu"0*, 
is a blue precipitate, insoluble in water and in aJcobol. — The silver-salt, OWAg^O^ is 
likewise obtained by precipitation, 

FXMEXIO ETHERS. Fimdate of methyl, C>H“(CH;“)’‘0S « prepared like the 
etliyl-componnd and decomposes in hke manner when boded 

Pemdate of Ethyl, = C’H>»(C»H‘)’“0', is obtained by the repeated action 

of liydroehloric acid on an alcoholic solution of puneUo acid Tt^ porfiou which is 
volatde below 100° is distilled off, the residue neutralised with oSbonate of sodiiun, 
and_ the dark red oil thereby separated, which moreases in quantity on fmther 
addition of water, is dehydrated with chloride of calcium The liquid thus obtained 
has a fruity odour, and gives by analysis 61-44 per cent. C and 9-76 H (calc. 61-11 C 
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and a'25 H). It begins to boil at 185°, but the boding point gradually rises, charcoal 
separates, and a liquid passes over wldcb effervesces with carbonate of sodium, and 
appears to bo ethi/l-pimdio amd, C’H"(C-I1")04 It gave by analysis 67’03 per cent. 
C and 0-10 H (ealc. 67 44 per cent G and 8-60 H) (Marsh, Ann Oh. Pharm. civ. 
126.) 

Pmmlate of Amyl, = C'H'"(O’B[")'0''. — Prepared Idee the preceding com- 

pound Dai'k-rod, somewhat oily liquid having a penetrating but not unpleasant odour. 
Boils between 170° and 200°. Insoluble in water, soluble in alcohol and ether (anal. 
67 64 C and 10'99 H , calc. 68 00 C and 10’67 H) (Marsh, loe. mif.) 

PIMElilTB. A name applied to several green nickeliferons silicates : — a. Green 
chtysopruse earth, accompanying chrysoprase m Sdesia (Klaproth, Batrage, li. 134). 
— b. Gloeker’s Ahmte, a massive green mineral from Silesia, meagre to the touch, of 
epecifle gravity 1 458 Gives off water when heated ; is infusible before the blowpipe , 
yields metalhe mokel by reduction with sodic earhouate (G Schmidt, Pogg Ann. 
to 388) — 0 A similar mineral, but greasy to the touch, and of speeifie gravity 2'71 — ■ 
2'76. Behaves before the blowpipe like tale, and gives the reactions of niekel; De- 
composed by acids both before and after igmtion (Baer, J pr. Chem, Iv. 49) : 

SlOi A1205 FeSOi Fe”0 N1"0 Mg>’0 Ca"0 H^O 

a. 36 00 8 00 4'68 . . 16 68 1-26 0 42 8812 = 100 

b, 64'63 0'30 . 1 IS 32 66 6 89 0-16 6 23 = 100 

0. .36 80 23 04 2 69 . . 278 14-6a . . 21-03 = 100 

The first of these mmerals, if the iron be supposed to exist as ferrous oxide and the 
alumina be reckoned with the acid, may perhaps be represented by the formula 
(Ni"0 ; Pe"0 , Mg"0).2Si0® IH-O. The second has the composition | ’ 3SiO’. 

ffO. The third may be rejiresented by the formula 3^(Mg’’0 ; Ni''0f-Si0'(].2(2E*0’. 
3SiO*) ISH’O. This mineral contains organic remains, contaimug 0-44 per cent, 
carbon (according to Bayer), It loses 8 8 per coat, water at 110°, and 21-87 per cent, at 
a red heat. 

PIKEirTO, OIIi or. A volatile oil obtained from the fruit of Myrtua Pimmta, 
the pods of which yield 10 per cent and the seeds 5 per cent oil (Bonastre, J. 
Pharm xi. 187) The crude oil is viscous, has a pale yellow or light brown colour, 
and strong refracting power , speeifle gravity^ = 1 08 at 8° It rosemhlee oil of olovea 
in taste and smell, and reacts like that oil with sulphtno aeid, mtno acid, and iodma , 
dissolves completely in aloolwl and ether 

By treatment with strong jiotash-ley, it is resolved into eugonio aeid, G'“H'*0* 
(ii 604), and a hydrooiirbon polymeric with oil of turpentine, probably C'^BP*. This 
hydrocarbon is a colourless rather viseid oil, smelUng somewhat like oil of timpentine, 
and exhibiting feeble Isevo-i-otatory power. Specific gravity 0 98 at 18°. Boibng-point 
2 60. (0. Oeser, Ann. Ch. Pharm. oxxxi. 277 ; BuE Sec. Chim. 1866, i. 434.) 

rilHCFIM-EX.IiA, OlIi or. The volatile oil obtained by distilling the root of 
Pmpmella soeeifraga with water, has a golden-yellow colour, a viseid oonsistence, a 
bitter, irritating taste, and is resiuised by strong aoids. The oil obtained in like 
manner from PimpieieUa ntqra, a vanety of P. saanfraga, is light-blue and viseid (Bley, 
Trommsdorff, Bf J. xu [2] 29). Oil of ameo (i. 297) is obtained from FvnypineUa 
amaum. 

riH-ACOEIH-. C“H‘20. (Fittig,Ann Ch. Pharm, cxiv 64.)— An oily body pro- 
duced by the dehydration of pinacoiie, either by distiUmg the crystallised hydi-ate of 
pinaooue with sulphurio or hydrochloric acid, or by subjecting fused pinacoue to the 
action of dry chlorine gas It i-* colourless, has an odour of peppermint, a specific 
gravity of 0 7999 at 16°, and hods at 106°. It is insoluble m watet, but mixes in all 
proportions with alcohol and ether. It does not unite with aeid sulphites of alkali- 
metal With stroug mtno acid it yields red-brown oily nitro-compounds. When 
subjected to tlie action of dry chlorine in diflhsed daylight, it is converted into 
dichloiopinaoolin, C®H‘“01“O, which is a heavy viBcid oil, solidifying after a while 
in colourless, needle-shaped crystals. It acts on the nose and eyes like Echloracetone 
(L 30), melts at 61°, bods at 178° is nearly insoluble in cold water, and sparingly 
soluble iunj^ot water, from which however it orystaBises. Its solution in ether or in 
absolute alcohol i^ecipitated by water, 

FIN-ACON-B. CWO', (Fittig, Ann, Ch Pham cx. 23 , Jahresb 1869, p, 342. 
— Stadeler, Ann Ch, Pharm exi. 277; Jahresb 1869, p 846. — Priedel, Ann. Ch, 
Pharm. cxxiv, 324 ; Jahresb. 1862, p. 404. — Linuemann, Ami. Ch. Pharm. Suppt 
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iii. 374) — This body, isomerio Trith hejylene-glyeol, is produced by tie 

aotiou of aoditmi, or better of sodium-amaJgam, on aqueous acetone : 

3C"H»0 + = 0«H»0^. 

On distilling tlie resulting alkaline bynd, wHcb also contains isotritylic aleobol, hydrate 
of pinaoone, C“H**0’.6H''0, is found m the last portion of the distillate, and crystaUises 
on cooling the hquid to a low temperature. This hydrate is resolved by further dis- 
tillation into water and pinacone, which are easily separated by factional distillatioii, 
and from the first fraction, passing over between and 180°, the pmaeone may he 
obtained pure by repeated slow distillation. (Lmnemann.) 

Pmaeone exists in two modifications, one liquid, the other solid. Liquid pinaoone 
is a eolourless syrup which has a speeifle gravity of 0-9G at 16°, does not sohdiiy at 
0°, hods at 176°— 177° under a pressure of 0-738 met. ; is soluble in water, but soon 
separates from the solution as a oryatallised hydrate molting at 46-6°. If protected 
from moisture, it changes gradually but spontaneously mto the solid modification. 

Solid pinaoone, when freed from the last traces of the liquid modification by 
pressure between paper, and punfied by distillation, is a snow-white, finely ci-ystalline 
mass, which gradually eoftens and malts hetwaen 86° and 38°, and boils at 171° — ’172° 
under a pressure of 0-739 met , givingiofifa colourless, inodorous, fhickish liqiud which 
soon solidifies. K dissolves readily in cold alcohol and ether, epaiingly in cold sulphide 
of carbon, and erystalhses from hoiUng sulphide of carbon in small needles. By spon- 
taneous evaporation of an aloohobo or ethereal solution, it is obtained as a radio-erya- 
taUine mass made up of small needles. It is sparingly soluble in cold water, easily 
in hot water, but quickly separates from the solution as hydrated pmaeone, melting 
at 4G'fi°, (Lmnemann.) 

Pinaoone in either modiification is easily reconverted into acetone by the action of 
acid chromate of potassium and sulphmio acid. (Linnemann.) 

Hydrated pinacone, C“H''‘0*.6H“0 (regarded by Pittig and by Stadeler as 
C*H‘’0 7H20) Obtained by the direct combination of pinacone with water, or in 
larger quantity by the action of sodium-amalgam on aqueous acetone (md sm^. 
It 13 a light transparent substance usually crystalbsmg m thin four-sided tablets 
(hence the name, from -itfraj, a table), but sometimes, according to Stddeler, in long 
prismatic crystals. When pure it is perfectly inodorous. When kept m olo-e vessels 
it volatihses, and subbmes from one part of the vessel to another, even at ordinary 
temperatures. It is sparingly soluble in cold water and ether, easily soluble in alcohol, 
and may he recrystalBsed from hot water. It melts at 46-6° to a eolourless liquid 
which solidifies on cooling. It is resolved by di-y distillation into pmaeone and water, 
but volatilises nndecomposed with aqueous vapour (Lin n eih an n). By distillation with 
sulphuric orhydrochlonc acid, or by exposure in me melted state to the action of dry 
chlorine, it is converted into piaacoBn. (Stadeler.) 

Pittig appears to have obtained two otiier hydrates of pinaoone, viz. C*H“0*.2H’0 
and CH'O'.S’O. 

Benzopinaoone. C?‘H“0* (Linnemann, Ann. Oh. Pharm. cxxxiii. 26). ' This 
compound, related to benzene (phenyl-benzoyl, p 478) in the same maimer as pinaoone 
to acetone, is produced by the action of zinc and dilute sulphuno acid on benzone : 

2C‘«H'»0 -I- H? =» 

To prepare ik I pt. of an alcoholic solution of benzene saturated at 16°, is added to 
6 pts. of a mixture of 1 pt oil of vitnol, 1 pt. water and 4 pts, eloohol, and as much 
granulated zme is added as can be just covered by the hquid On leavmg the mixture 
to itself for a few days, the henzopinacono is gradually deposited as a crust on the zinc, 
and that which still remams dissolved may be separated either by distilling off the 
alcohol or by precipitating with water. The portion attached to the zino is easily 
loosened by treating^ the zinewith dilute sulphurio acid, and the whole may then ha 
separated by levigation, and purified by repeated crystallisation from boiling alcohol. 

Benzopinaoone crystallises m microscopic, transparent, well-defined prisms, sparingly 
, soluble in boiling alcohol, easily in ether, clJoroform and sulphide of carbon. It melts 
between 170° and 180°, without solidifying again. By fusion and distillation it is 
converted into an iaomeric moifleation 

Benzopinaoone is intermediate m composition between benzone and benzhydrol 
(p. 478), and is converted into the former by oxidation with dilute chromio acid . 

C”H“0* + 0 =» 2C">H>"0 + ffOpir? 

and into the latter by the action of todium-amalgam on its alcoholic solution ; 
ewH^O* + = 2C‘®H«0. 

Benzopinacone boiled with excess of chloride of benzoyl, gives off hydrochloric acid, 
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and is converted, by abstraction of 1 at. water, into a substance having the composition 
G™H™0, and related to benzopinaoone in the same manner as pmacohn (p. 647) to 
pinacone. By treating the product with strong aqueous potash, eihaustmg the residual 
powder with ether, and reorystalhaing from boiling benzene, the compound C“H™0 is 
obtamed as a white indistinctly crystalline powder, soluble in boiling (doohol, ether and 
benzene, and melting at 182°. It differs from beuzhydrohe ether (p 478) by only 2 at. 
hydrogen , nevertheless it is not converted into that body by treatment with sodium- 
amalgam. 

Isohenzopinaoone . — ^Benzopinaoone is converted by fusion or distillation into a 
liquid which has the same composition, but does not solidify even at —16°. This 
modification of benzopinacone is a syrupy, strongly refracting hquid, which boils with- 
out decomposition at 297'6° under a pressure of 0'783 met., and has a speciflo gravity of 
1 10 at 19°. By transmitting a cone of hght through it in a darhened space, a blue 
fluorescence is produced. It dissolves easily in cold Scohol, ether and benzene. With 
chloride of benzoyl, it gives off hydroeUonc acid, but forms a fluid, not a sohd product. 

Mid Isobenzojnnaoone . — When the liquid' modification just described is loft to 
itself for some months, it solidafies gradually but completely, forming a substance which 
diasolves easily m cold alcohol, ether and benzene, and melts at 31°, whereas the 
meltmg-pomt of ordinary benzopinacone is bettrsen 170° and 180°. It is converted 
with extraordinary faoihty into the fluid modification, remaining m the liquid form 
when its solutions are left to evaporate, and undergoing complete liquefaction when an 
attempt is made to pulverise it. 

Both the hquid and the solid modification of isohenzopumcone, when treated with 
sodium-amalgam, are converted, like benzopinacone itself, into benzbydrol, 

PlircHBilOK. An alloy of copper and zinc, usually containing about 9 pts. 
copper to 1 pt. zinc. (See Ooppbe, AinoTS of, ii. 49 ) 

PUfE-OZIi or S\r-oil, These names are applied to certain oils resemhhng oil of 
turpentine, obtamed in various ways from pine and fir-trees. An oil of this kind is 
extracted in the Black Forest from the seeds of Finns mcea and Finns abies, It is 
limpid, of golden-yellow colour, veiy mobile, dries rapidly, and does not solidify till 
cooled to about — S0°. It is used in the preparation of colours and varnishes 
(Q-erhardt’s FratiS, u 901). A similar oil, formerly used in medicine, is prepared 
by distilling the young branches and needles of the dwarf pine {Finns Fnmilio) with 
water It is mobile, has a faint yellowish colour and agiveablo balsamic odour , a 
specific ^avity of 0‘893 at 17° ; and boils at 162°. By rectification with water and 
dehydration over ohlonde of calcium, it m obtained colourless. Hydrate of potassium 
immersed m it becomes covered with a brown resiuous substance. By repeated treat- 
ment with potassium and rectification in a stream of carbonic anhydride, it yields a 
hydrocarbon, leas fragrant than the ongmal oil, having a specific gravity of 

0 876 at 17°, boding at 161°. This hydrocarbon is leevo-rotatory, a stratum 26 c. m. 
thick turning the plane of polarisation 18° to the left. It absorbs hydroeblono acid 
gas, forming a yeUow hquid compound HCl, of speeifio gravity 0'982 at 17°, and 
smelling somewhat like od of thyme. (Mikolasch, Jahresh. 1860, p. 478.) 

The following are the quantities of oil extracted by sulphide of carhop from the seeds 
of various species of Finns (dried at 100°). The shelled seeds of Finns sytoesiris yield 
from 20'3 to 23'4 per cent od , of P Ficea, 7'8 ; unsheHed seeds of P. Cembra, 29'2 ; 
shelled seeds of the same, 36’6; unshelled seeds of P Strobns, 29 8 ; of P. Abies, 20-6 ; 
of P. Larne, 17 8 , of P. Fnnaho, 17'6, of P. canadensis, 11'4 — 12'9 ; of P. mantinia, 
22'6 — 26'0. AH the seeds examined were several years old. (Wagner, Dingl pol. 
J. olx 466; lahresb 1860, p. 714.) 

PIN'E-ItESlH'S. 0 . Sesins of Tur^mtine. — Turpentine, the resinous juice which 
exudes spontaneously, or from incisions m the stems of firs, pines, and other coniferous- 
trees, is a mixture of a volatile od (C'^H"*) with a resin caned colophony, 0“H“0* 
(i. 1087), probably formed by oxidation of the volatile od: 

2a>'>H'» + 0> = C^H'W -4 B?0. 

This resin is chiefly a mixture of two isomeric acids, namely, sylvic acid, which is 
crystalline, and pinio acid, which is amorphous The turpentine which exudes during 
the winter months from incisions made towards the end of autumn, solidifies round the 
edges of the inoisious in opaque yellowish-white crusts, called gallipot, consisting of 
a mixture^ essential od of turpentine with another crystalline resinous acid, caUed 
pimaric^id«<5*644), likewise having the composition (See these several 

acids ; also Tubpentinb.) 

fl, Besins of Finns sylvestns . — ^Tho needles of the Scotch fir contain several 
resinous matters, which have been examined by Kawaher (Wien. Akad. Her. xi. 344 
xm. 325), 
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1. K%mvoiu acid, [?] — To obtain this acid, tbe needles are out up and 

boiled with alcohol of 40° ; the alcoholic decoction is distilled in the water-bath, the 
greater part of the volatile oil then passing over with the alcohol , and the distillate is 
mixed with water. It is thereby separated into a dark green resinous mass containing 
ceropic acid (i 83G), kinovous acid, a small quantity of volatile oil, and a turbid 
watery liqtud in which pinipicnn, sugar, traces of citric acid, oxypiuitaniuc acid, and 
pinitannic acid remain dissolved. The needles exhausted with alcohol stall contain a 
little pimpienn and jelly. The resinons mass is dissolved in alcohol of 40° , an alco- 
holic solution of neutral acetate of lead is added, which throws down impure ccropute 
of lead , siilphydric aad gas is passed into the filtrate , and the precipitated mixture 
of chlorophyll and sulphide of lead is separated by filtration The now yellow filtwte 
deposits, after the alcohol has been diatiUed off, a somi-fluid resin, which dissolves in 
very dilute potash-ley, to a light brown hquid, jfroin which the resms may be precipi- 
tated, m combination with hme, by chloride of calcium. These resins are filtered off 
and washed with water, and tbe filtrate and wash-water are precipitated witli a slight 
excess of hydrochloric aad, whereby faintly yellow flocks of kinovous acid are precipi- 
tated, to he pnnflad by redissolving them m dilute potash, treating the solution with 
animal charcoal, and precipitating the filtrate with hydrochloric acid. 

Kinovons acid is a white, or slightly yellow brittle mass, yielding a strongly electric 
powder. Its solution in lime-water yields, with nitrate of silver, a precipitate having, 
according to KawaUer, the composition 2C'''H“0* SAg’O.H'O. 

2 Besin, — The compound of resin and lime, precipitated by chlonde of 

calcium in the preparation of kinovous aoid, dissolves almost completely in ether , and 
if the solution bo evaporated, the residue digested in alcohol of 40°, the solution again 
evaporated, and the residue treated with (Hlute hydrochlorio acid, chloride of calcium 
dissolves, and a brownish-yellow resin is loft, having the composition just mentioned. 
When distilled with hydrate of calcium, it yields two oils containing respectively 
and both of which, when twice distilled over phosphoric anbydride, 

are converted into an oily hydrocarbon, The resm dropt in the fused state 

upon Boda-hme heated to 220°, splits up into oily products comparatively noh and 
comparatively poor m oxygen (Kawaiier). See (fmehn's Sandbooh, xv. 33. 

f rNBT TAliXiOW or Malabar tallow. A fat obtained by boiling the fruit of 
Valeria nidioa, a tihaceous tiee indigenous in Malabar It is a whitish-yellow, waxy 
mass, having a faint agreeable odoim, a density of 0 9C26, melting at 37 5°, slightly 
soluble m cold alcohoL According to Marcet and Bahington, it contains 77 0 per cent, 
carbon, 12'3 hydrogen and 10'7 oxygen. {G-mdin’s Handbook, xn 40Q.) 

FinrCrUITS. A mineral from Wolkenstein in Saxony, resembling ohloropal 
(i. 921), but having a greasy feel and spccifle gravity 2 3 — 2'36. Contains, according 
toKerSten (Sohw. J Ivi. 9), 36 90 aihea, 1-80 alumina. 29 50 feme oxide, 610 
farrotts oxide, 0'4 manganous oxide, 0-46 magnesia and 25'11 water, which may be 
represented approximately by the formula (2Fe"O.3SiO®),4(l’e“0’.2Si0’) 30H“O. 

Gramemte from Mongenharg in the Siehengabirgo, has nearly the same composition, 
viz. 38 39 per cent SiO^ 6 87 A1'“0', 26 46 Fe'0», 0'66 OaO, 0'67 MnO, 076 MgO 
and 23'36 water. (Bergemann.) 

TXNIC ACID. C®H“Ob Amorpkotio resin of colophony, Alpha-resin of turpen- 
tine (Berzelius ) — ^Thia acid, isomeric with aylvic and with pimario acid, constitutes 
the priiicipsl portion of colophony and appears to be identical with amorphous pimanc 
aoid (p. 6 14). To extract it from colophony, that substance is treated with cold alcohol 
of 72°, which dissolves it in preference to the crystaliisahle sylvio acid. The liquid 
precipitated by an alcoholic solution of cupne acetate, yields a salt whence the pime 
aoid may he separated by means of any mineral acid 

Pmic acid is an amorphous resin, exactly hke colophony, insoluble in water, but soluble 
in alcohol, ether, and oils, both fixed and volatile. It melts when heated, and decom- 
poses at a higher temperature. With the aid of heat it decomposes carbonates, and 
separates the fatty acids from the alcohoho solutions of them soaps (Unverdorbsn, 
Pogg. Ann. XI 27.) 

FIN'ICOBRETXH’, 0«H»"0"[?]. (Kawaiier, Wien. Afcad Ber xi 869.)— A 
snhstanee occurring in the hark of the Scotch fir (P»«ta sphestris). The bark of the 
upper prats of the stem, after being freed from the outer nnd, is cut in pieces, and 
boded with alcohol of 40 per cent ; the ceropie aoid which separate s from PWocootion 
on coobng is separated by filtration ; the greater part of the alcohol TPevaporated ; the 
residual liquid is mixed with water , and the turbid solution is treated with neutral 
acetate of lead, whereby piuicortannie acid and pmicorretin are precipitated, while cor- 
tepimtannic acid (li. 86) and sugar remam in solution. The washed lead-precipitate, 
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digested with very dilute aeetio acid, separates into pinieortannie add (infra), which 
dissolves (and may be obtained by precipitating mth basic acetate of lead, deoomposuig 
the precipitate with sulphydnc acid, and evaporating the filtrate out of contiiet with 
air), and a dark-eoloured glutinous residue, soluble in strong alcohol. On treatuig the 
solution with sulphydrio acid, and evaporating the filtered liquid, pinicorretin remains 
behind, and may be punfled by solution in alcohol. 

Pimcorrotin is a black-brown glutinous mass, very slightly soluble in ammonia. The 
ammoiiiaeal solution yields, with chloride of barium, red-brown flocks containing 
4Ba"0.3G»'H=80“. 

PIKTIOOKTANHIO ACID. C’^H^O^p]. (Kawalier, Wien Akad Ber. si. 
380.) — An aoid oecurrmg in the bark of Pmua sylnestna, and obtained, as above, in 
the preparation of pmioorretin It is also produced when the solution of cortepinitannio 
acid (u. 8fil is evaporated in oontaet with air. _ It is a red-hrown powder, converted by 
boiling with water containing hydrochloric acid, mto a bright red powder containing 
30‘®H''0'‘'.ff 0. Its aqueous solution coloims ferric oblonde green. 

PIHIPIOBIIir, C“H“®0‘‘. (Kawalier, Wien Akad. Ber. si 3S0, Jaii. 515.)— A 
hittor Buhstanee occurring in the needles, inner bark and outer bark of the Scotch fir 
(Fmua ayloeatna), and in the green parts of Thtya occidentalta. 

Preparation . — The oomminnted needles of the Scotch fir (or branches of Thnja) Me 
eshausted with alcohol of 40° ; the alcohol is distiUed off from the decoction , and the 
residue is mixed with water, which separates a green mass of resin (serving for the pre- 
paration of kinovous aoid, p 619), while the supernatant turbid liquid retains in solution 
pimpioi'in, sugar, traces of eitrie acid, oxypinitanme acid, and pimtannio aoid. This 
hquid is mixed with a few drops of neutral acetate of lead, which renders it flltrable ; 
tie filtrate is mixed with excess of that reagent, which throws down oxypinitannate of 
lead , then, after another filtration, pimtannate of lead is precipitated by the basic 
acetate, this is also separated by filtration after tile liquid has cooled ; and the filtrate 
18 aatui'ated with sulphydrio acid The liquid, freed from siUphide of lead and evapo- 
rated in a stream of earhonio acid, leaves a residue of the oonsistence of an extract, 
from which anhydrous ether-alcohol extracts the pinipim'in and leaves the sugar A 
small quantaty of foreign matter is precipitated from the solution by basic acetate 
of lead , the filtrate is freatcd with sulphyoric aeid, the siilpliide of lead is removed, 
and the hquid evaporated. By repeatedly dissolving the residue left after the ether- 
alcohol has been distilled off, in fresh quantities of anhydrous alcohol containing ether, 
os long as any insoluble matter is left, and evaporating the solution, pinipierin is at 
length ohliUned, still, however, contaminated with acetic aoid, which adheres to it ob- 
stinately, but may be removed by agitation with a httle pure ether (which, however, at 
the same time, removes a httle pinipicrm). The needles, after exhaustion with alcohol, 
still retain a httle pimpioriu, wnieh may be obtained from the aqueous deeaotion m tie 
same manner as from the alcoholic. 

Properties — Pinipierm is a bright yellow powder, which softens at 66°, becomes 
viscid at 80°, transparent and mobile at 100°, and solidifies on cooling to a brownish- 
yellow, brittle, friable mass. It is hygrosoopio, and has a strong hitter taste. It is 
very, soluble in water, dissolves also in cdeohol, eiker-aloohol, and agueova etAer, but not 
in pure ether, 

Pmipicvin swells up strongly when heated ou platmum-foil, and leaves a diffloultly 
combustible charcoal. The aqueous solution, when heated, instantly gives off the 
odour of ericiuol (ii. 499), and is completely resolved into this substance and glucose: 

CaiHssO"' ■(. 2H=0 = 2G“H«0" + G'»H'“0. 

In contact with emidsm, it emits an odour of volatile oil, but the action soon ceases. 
(Kawalier, Wien. Akad. Ber. xii. 649 ) 

DIiriTAHKriC ACID, C'®'0»[?1. (Kawalier, Wien Akad. Ber. xi 357; 
XXIX. 19.) —This acid oeeurs, together with thujin and tliujigenin, in the green parts 
of the common Arbor vitm ( Thuja ocoidentalis), and is precipitated, partly from the 
aqueous extract, together with thujin, by neutral acetate of lead, partly, together with 
thujigeuin, on subsequent addition of basic lead-acetate,— remaining in solution when 
these precipitates are decomposed by sulphydnc acid, and the thujin and thujigenin 
have crystalhsed out. The mother-liquors are then evaporated to dryness , the pinitenme 
acid existed by anhydrous ether-alcohol , the filtrate quickly evaporated to dryness 
over thewatwJwth , and the remaining acid dried in a vacuum over oil of vitnol 

Pinitanme acid occurs also, together with oxypinitanme .acid (p. 319) and pinipierin, 
in tlie needles of old Scotch fir trees, and is obtained as a lead-s.ilt iii the prepji’ation 
of pimpicriu (md. sup.), by precipitation with basic acetate of lead, after the oxypini- 
tannic acid has been precipitated by the neutral acetate. The washed iirecipitate is 
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deeomposod by aulphydrio acid, and the liquid is heated irith the sulphide of lead, then 
filtered, and evaporated to dryness in a slieam of carbonic anhydride 

Knitanmc acid IS a yeUow-red, or if prepared from Thi^ja, a broimish-yeUow powder, 
having a shgbtly bitter astrmgent taste, becoming soft and ghtiuoua at 100° It dis- 
solves readily in water, alcohol, and ether; does not precipitate solution of gelatin 
The aqueous solution colours ferrto chloi-tde dark brown-red, forms yellow precipitates 
■with neutral and basic acetate of lead, and precipitates cupna sulphate silver-nitrate, 
the latter on addition of ammonia. When boded with a small quantity of stannic 
chloride, it imparts a permanent yellow dye to wooUen stuffs mordanted with alum or 
tm-salt. 

PnrlTE, (Berthelot, Atm. Oh. Phys. [3] xlvi. 76, Ohim, org. u. 

213. — lohnson, Sill. Am. J. [2] ixii 6, Gm. iv 212.) — A siicchanne substance 
contained in the sap of the Finns LamJbertiana of Oahfomia, It is deposited from the 
aqueous extract of the crude hardened juice, in hard white radio-orystalhue nodules 
of speoifio gravity 1 62, os sweet as augar-candy, very soluble in water, nearly inaoluhla 
in abeol'ute alcohol. It is dextro-rotatory, not fermentable and does not reduce solution 
oi potassio-oupric tartrate, even after treotment ■with sulphurio acid. It is decomposed 
by hot nitnc aeid, with formation of nitro-compounds and a small quantity of oxaho 
aeid. With an aanmoniaeal solution of lead-acetate, it forms a precipitate containing 
C®H'^0'‘.2Pb"O With acids it forms ethers analogous to the mannitanides and 
dulcitanides : thus ■with ieuxoio ocio! it forma dibenzopinite, C“H.*0' = C^H'-O* 
-I- 20’H‘0’ - 2H*0, and tetrahenzopinite C«H“0” = C“H»0* -t- 40'H’O* 
2H“0; and analogous compouuds with steano acid AU these compbunds are neutral 
With tortano acta, it forms pinitartarlo acid, + 60‘H'0“ — 

eH’O, which yields calcium-salt contaimng C“H"0a®0“ 6H'0. 

PHTJTB is also the name of a mineral formed ftom diehroite (ii. 820) by the 
action of alkaline waters. It occurs m six- or twelve-sided prisms, ■witli. cleavage 
often indistinot, sometimes basal ; colour grey to ^eyish-green or brown. Hardness 
= 2’6. Like other minerals formed by decomposition of diehroite, it is not perfectly 
definite in composition, but exhibits various stages of transition between diehroite and 

Analyses: a. Prom near Schneeberg in Saxony; blue-green mass covered ■with a 
micaceous omst (which was removed as completely as possible premously to the 
analysis) (Eammelsberg, Mtneralohemic, p 836). — 6. Prom Penig m Saxony, 
similar to the preceding, hut ■with a red crust rich in feme oxide (Eamm elsb erg). 
0 Prom Stolpen in Saxony, so called prismatic mica! red (Massalin, Trommsd. 
N. J. iv. 2, 321). — d. From Saxony; specific gravity = 2 76 (Marignao, Bibl. univ. 
1847, iv. 157). — e. Prom Auvergne, o. C. Gmelin (Kastn Arch. i. 226), Prom 
St. Pardoux (Eammelsberg), y Specific gravity = 2 74 (Marignao).—/ Prom 
Mont Breven in the valley of Chamounix; specific gravity = 2'84 (Marignao).— 
g. Prom Duma, New York- green six-sidod prisms of speoifio gravity 2'76, deeom- 
posible by acids (Brush, J.pr. Chem. Ixxv. 463). 


J, c. d. e. f. 
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PXWXTOis< This name ia applied to certain minerals more or less rasembhng 
pinite in composition and physical characters — a. Greyish-green or greenish-white 
nodules of crystaEo-granular structure, specific gravity 2-7888, and hardness about 2 6, 
oecumng in. the felsite-tufa of the Zeisigwald near Chemnitz (A Knop, Jahresb. 1869, 
p. 794) — 6. Pseudomorphs after felspar occurring in decomposed porphyry, from the 
Khtzaohmuhle near Oberwiesa (alter separation of the felspar-sand by lavigalion) 
(Knop). — c. A flne-sphntery decomposition-product of ohgodase (hardness •= 2 6), 
imbedded in the poiphyritio granite of Sasbachwalden in the northern part of the 
Black Forest (P. San dberger, Jahresb. 1861, p 1008). — d A mi nerah fiMe-ing the 
substance of vegetable petrSactions xn the phylhte of Potit-Coeur in' Tarantaise, 
Savoy (Terrell, Jahresb. 1861, p. 1008).— e. A light green or white substance of the 
consistence of kaohn, ooenrring m clefts of a slate imbedded in the spimferoua sand- 
stone of Ems in Nassau (E. Hergot, Jahresb. 1862, p, 822) : 
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SI02. AI’OS. Fe^Of. FeO. MgO OaO. K»0. WO. ffO P^O*. 

0, 47 77 S2'66 . . 8'94 0-49 . . 6-86 1-60 4 19 

1. a4'65 28'77 . . 4-32 1 12 . . 4-92 6-22 

0. fiO'43 28'89 . . 3-48 . . S 12 3-88 6-84 

d. 60 00 36 46 0'3r . . 0-46 i 01 . . 7-96 trace 

e. S3 15 33'66 . . . . 0-17 0-21 4-70 . . 8-21 

PHTOl^Xir. A volatile oil produced by the distillation of American pina-resin, and 

used as an lUuminating material. 

FXKriTS. The Stoue Pine (Pinus Pioea) growing in the south of Europe, yields 
lar^e oblong oleaginous seeds (called yuyKons by the French) which are used as food , 
tbew nutritive power in the diy state is about equal to that of walnuts ; but in the 
fresh state they are more nutritive than fresh w^uts According to Payen (Bull. 
Soc. Ohun. 1866, i. 236), they contain 6-71 per cent, water, 42 60 fat oil, 89 46 nitro- 
genous matter (nitrogen 8 '44), 0 50 ceUidose, and traces of starch, and 4'14 inorganic 
matter The seeds exhausted of oil yield 11'87 per cent, nitrogen and 9 04 ash. 

The ash of Pinus Mughus and P Pumilio, and the soils on which they grow, have been 
analysed by H. 8. Jobson (Ann Ch. Pharm xcv. 226 ; Jahresb. 1866, p. 709); tho 
latter also by Wittstein (Jahresb 1862, p. 611); the aab of Pmus sylvestns by 
Heyer and v onhausen (Ann. Ch Pharm, hacxii. 180; Jahresb. 1862, p. 798). 

Eespeeting the oils obtained from various kinds of pine, see page 648 For the 
various reams and other substances obtained from the bark and needles of Pinus 
sylvestns, see Kawalier CWien Akad. Ber. zi 344; Ann. Oh. Pharm Izzzviii 360, 
Jahresb. 1863, p. 670 ; Gmehn's Handhoole, rv. 33, 487 ; xvi. 26); also the articles 
CsEOPio Aoid, OonTnpmiTANNia Aorn, Emcimol, Einotous Aom, OxynmnAunio 
Anna, PaioBiFHEirai, Pinb-bbsins, Piotcokbetin, Piniooetajtoio Acid, Pikipiuein, 
PiNiTANKio Aom, TurazoonTipmia Aom, and Taknopio Aom, lu this Dictionary 

PIOTXC ACI1>. Syn. with METAJUAnoAiiio Aotn (lu, 976). 

PIOTOVS ACID. Syn. with HvDEOMAnGAnmo Aram (iii 206). 

PIPES. Black pepper {Ptper Togmm) yields a volatile oil, having the composition 
of turpentine-oil, and boihng at 167‘6° Specific gravity of the oil = 0 864 , of the 
vapour = 4'73 The oil absorbs a large quantity of hydroohlone acid, without forming 
a crystalline compound. (Soubeiran and Oapitaiuo, J. Pharm. 1840, p. 66.) 

The root of Piper mikystioum, or Kawa, has been already described under the 
latter name (iii. 446). 

PIPSRIC AOID. 0”'H'“Ob (Von Babe and Eeller, Pissertation von 
C. Keller, Freiberg, 1866, p. 16. — Streeker, Ann. Oh. Pharm. ov 317, exviii. 
280, — Gt. 0. Foster, Obem Soc, Qu. J zv. 17. — Gtm. zv. 7.) — ^An acid produced, 
together with piperidine, by boihng pipenno with potash. 

0'’H'»NO’ + H*0 - 0‘®«0* + C‘H»N. 

Plperioe. Plporlc Plpen- 

acld, dine. 

Preparation.— 1 part of piperine is boBed with 3 pts of potassium-hydrate and 16 
to 20 pis. absolute alcohol, the liquid which distfls over being eontimially poured 
back and the process continued for twelve hours, or till a sample of the mixture taken 
out of the retort IS no longer precipitated by water (V. Babo and Eeller); or better, 
^ual weights of pipeline and potassium-hydrate, with as much strong alcohol as 
is required to dissolve both, are heated for four or five hours to 100° m a closed 
vessel (Foster). Tho crystallme plates of potassio piperate which are thereby pro- 
duced in abundance, are separated from the brown mother-liquor, piuified by repeated 
crystallisation from a small quantity of boding water, with help of animal charcoal ; 
then dissolved in water and decomposed by Mute hydrochlono aeid , and the acid, 
which separates as a jelly, is collected, washed, and purified hy repeated crystallisation 
from alcohol. Another method is to neutralise the aqueous solution of the impure 
potassium-salt with aoetio acid, mix it with a small quantity of solution of acetate of 
lead, separate tho lead dissolved in the filtered liquid hy snlphydno acid, filter again, 
and evaporate to the crystallising point (V. Babo and Eeller.) 

Properties. — Fiperic aoid forms yellowish capillary needles , in the moist state, a 
sulphur-yellow jelly which shrinks on drying Melts at 160°, sublimes at about 200°, 
parflv Ainal tered, emitting an odour of coumarm, and leaving a brown fused, residue. 
Its reaetBft ^m sreely aoid (V Babo and Eeller). It is nearly insoluble in water; 
dissolvos in 270 pts of cold absolute alcohol, easily m the same Uqmd at the boiling 
heat, sparingly in ether, soaxedy at aHm sulpkide of carbon or roch-oH; somewhat more 
easily m benzene. 

Jkcomposiiions.—l, Fiperic acid bums when heated in contact with the air, emitting 


= 101-40 
= 100 
= 07-44 

= 100-24 
100 
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an odour of anise, and leaving a diflScnltly combustible cbarconl — 2 Nascent hydrogen 
(sodium-amalgam) converts it into bydro-piperie aeid (p 661) (Foster). — 3. Oil qf 
wtnol colours it blood-red, and then cliara it — 4. When treated with iodine^ bromine, 

or chlorine, it forma substitution-products 6. Concentrated hyd^ lodio acid acts upon 

it, even below 100°, producing carbonic acid, and a black, uncrystaUisable, hunius-like 
substance (Foster).— 6. In contact -mth. pmiachlm'ide of 2'>hos]>horua,\t acquires a 
verraiUion-red colour, and deliquesces after a few days, fonning oxychloride of phos- 
phorus, and yielding vermilliou-coloured orystals. If the crystals obtained the 
action of pcntaohloride of phosphorus on pipene acid bo mixed with raperidine, a 
substance is formed which is insoluble in water and potash-ley, but soluble in strong 
hydrochloric acid, alcohol, and ether,— 7. Nitria aetd, eyau when dilute, converts 
piporic acid into an orange-coloured nitro-oompoimd, which, when heated with potassium- 
hydrate, givosoff anodour of eoumorin (Y Babo andKoller) — 8 Pipono ucid added 
to fused fotamum-hydrate containing a htUe water in excess, is at first dissolved ; the 
mixture then turns brown, and gives off hydrogen, and a mass is formed containing 
protoeateohuate [? hypogaUato, p. 464], acetate, oxalate, and carbonate of potassium, 
with a comparatively small quantity of a humiis-bko body, probably a product of 
the decomposition of the protooatechuate The reaction is probably 


-b 8H’0 


Prolocatc- Acetic 

chuic acld« aetd. 


C®0‘ 

Oxalic 

acid 


C0« 


(Streoker.) 


Piperates. — ^Plperio acid is monobasic, the general formula of its salts being 
C'=H‘M0‘or0«H'»hr’0‘ 

Pi^erate of ammontum, 0”H'’(iIH'‘)0*, forms colourless satiny scales resembling 
cholesterin. It gives off ammonia slowly in moist air at ordinary temperatures, more 
quieldy between 100° and 160°, and deoomTOses between 180° and 200°, emitting an 
odour of anise (V Babo and Keller).— Piyisi’afe of potassium, 0'®H“KO', obtained 
as already described, or by dissolving the acid m potash-ley, forms yeUowish-uhite, 
silky lamuise, probably belonging to the trimetnc system When heated it glows 
and emits an odour of anise, and when subjected to diy distillation, yields a small 
quantity of tar containing phenol, and leaves a mixture of charcoal and carbonate of 
potassium. It dissolves sparingly in cold, easily m boiling water, sparingly in alcohol, 
and is nearly msoluble in ether (v. B abo andK oiler). — The sodium-salt is precipitated 
on dissolving the acid in hot soda-ley, and cooling, as a white orystaUino powder 
sparingly sohihle m cold, easdy m hot water, and precipitated from the aqueous 
solution by alcohol. 

The banum-aalt, is obtained bjr precipitation, aa a loosely coherent 

mass of microscopic needles, dissolving with pai-tial docomposition in about 6,000 pts. 
of cold water, more soluble m hot water. It is completely decomposed by passing 
carbonic acid througlt its aqueous solution (Foster ) 

The calHum-salt forms slender needles, somewhat more soluble than the borium-salt. 
— The stronttum-saU is a white precipitate. (V. Babo and Keller.) 

The cadmium-salt is a white powder, the co6a?i-sal< is rose-coloured; the nicfei- 
salt is light green and insoluble ; the cupric-salt is precipitated in slender sky-bine 
needles on mixing the potasaium-salt with cuprio sulphate, more abundantly on addi- 
tion of ammonia. — The ferrous salt is yollowish-white, insoluble, easily oxidisable. — 
The lead-salt is a yellowish precipitate, which dissolves slightly when heated, and 
sopaiatos as a white crystalline powder on cooling — The •magnesium-salt separates 
after a few days in slender needles, from moderately dilute solutions of piperate of 
potassium and chloride pf magnosium. — The manganous-salt forms small, yellowish, 
silky laminse.— The mermna-salt is a yellowish-white precipitate, from which potash 
separates merenrio oxide — The mercurous-salt is a wlute precipitate reduced by am- 
monia — ^The silver-salt, 0'’H”AgO*, is obtained aa a colourless, scarcely crystalline 
powder by precipitating nitrate of sdver with piperate of potassium. It is insoluble in 
water and m alcohol, does not lose weight at 100°. — The einc-saltie a yellowish- white 
curdy precipitate. (Y. Babo and Keller.) 

Hydroplperlc aold, C'=H>=0' (G. 0 Foster, Ghem. Soe. Qu. J xv 19 , Gta xv 
11).— This acid, which contains 2 at hydrogen more than piperio acid, is produced by 
the action of sodium-amalgam on tlio latter TVhen an aqueous solution of potassio 
piperate is treated with sodium-amalgam at a gentle heat for some hours, thea^dition 
of hydrocMorie acid precipitates hydropiperic acid in oily drops, j)dj^'''^dually 
Bolidiiy on staudmg. It may he purified by erystaUiaation from a large quantity of 
boiling water, or by solution in alcohol and treatment with animal charcoal 

Hydropiperic aeid is colourless , tasteless at first, after a time somewhat brnsimg. 
As deposited from boiling water, it forms long, exeeodingly thin, silky needles ; by 
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apontaaeous evaporation of ita ethereal solution, it may be ohtained in tolerably large, 
hard orystala, apparently monoclmic, and mostly hemitropic. It melts at 63° or 64° ; 
solidifies at about 66° , not volntilo vrithout decomposition. It is very slighfly soluble 
in cold water, somewhat more so in hot water, the hot saturated eolutiou reacts 
strongly acid ; and on cooluig deposits the acid in oily di'ops, as long as its temperature 
is above the melting point of the latter, the rest separates m long, thin crystals 
(wd. sap.). The acid dissolves in all proportions in alcohol, and is very soluble in 
ether 

When heated somewhat above its melting point, it gives off white fumea, which, 
when diluted with much am, smeU like oil of anise, and leave a small, easily com- 
bustible, carbonaceous acid.— Strong liydnodic aaid decomposes it, below 100°, into 
carbonic acid, and a black humns-like body, soluble with black colour in alkahs — 
Fuming mtrui amd colours it blood-red; mdmary mine aieid diluted with its own 
bulk of water, acts violently upon it if gently heated, giving a solution from which 
water precipitates a semifluid mtro-aeid . — Od of mtnol colora'S it hlood-red — Fused 
with excess of hydrated ulkalt,^ it evolves much gas, and the brown fused muss exhibits 
the reactions of hypogalho acid G’H*OS obtained by the action of hydriodio acid on 
liemipinic acid (lu. 142, 239) , see also Decomfusitiohs of Pmeic Aom (p. 664). — 
With chloride of acetyl at 1 60°, it yields hydroohlorio acid and a noutriJ oil, insoluble 
in water and dilute alkalis 

Hy dropiperates, C'®H''MO’and The ammomum-salf, C”H”(NH*)0*, 

crystallises from hot water in small ahimng scales , it is easily soluble in hot wafer, 
eonsideiably less soluble in cold. A strong aqueous solution can dissolve more hydro- 
pipenc acid, forming a solution fr’om which water precipitates the excess of acid, and 
which gives, if saturated, an almost sohd mass of hydropiperata of ammonium, on 
addition of strong aqueous ammonia. — ^An acid potassium-saU, C«It“K0“ — 
C‘®H"KO^C'°H>’OS is obtained by hoihng a solution of hydropiporio acid in nearly 
absolute alcohol with dry carbonate of potassium. It crystoUises on cooling in hemi- . 
spherical masses of radiating needles 

The banum-sdt, C”'H“Ba"0', erystallises from boiling water in small bunches of 
needle-shaped crystals. 

The oalcimn-scdt, Cf"H®Ca''0*, is prepared hy boiling the acid with milk of hmo, 
filtering hot, and separating the excess of lime hy earhonic acid , or by precipitating a 
rather strong solution of the ammonium-aalt nith chloride of calcium. '\^on purified 
by oiyatallisation fi’oui a mixture of 2 pts water and 1 pt alcohol, it forms small 
needle-shaped orystala, slightly soluble in cold water, more soluble m hot water, but 
partially decomposed by it The crystals contain water, which they lose at 100°. 

The silver -salt, p'®H“AgO*, is a erystalline precipitate, olmosl insoluble m cold 
water, easily altered by exposm'e to light, or by solution in hot water. 

The hydropiperates of the other metals ai'e mostly precipitates insoluble in cold 

Bydropiycrate of Ethyl, = 0'“H"(C'H“)0', is obtained by heating a 

solution of hydropiperio acid in ahsolnte alcohol saturated with hydrochloric acid for 
4 or 6 hours to 130° in a sealed tube, and purified by solution in ether and treatment 
with animal charcoal. It la a brownish-yeUow, neutral liquid , heavier than, and mso- 
luble in, water , not altered by dilute nqueous potash or ammonia, but decomposed by 
gaseous ammonia, probably with formation of hydroptperaimde. (Foster) 

FXFBRXSXWE. C»H"N = (Wertheim, Ann. Oh, Pham. Ixxv. 

68.— Anderson, ihid Ixxv. 82 ; Ixxxiv 346 — Oahours, Ann. Ch Phya. [8] xxivdi. 
76. — ^Von Babe and Keller,!, pr Chem. Ixxii 63. — Gm x. 446, xv 13.)— A 
volatile base produced by the action of alkalis on piporine. The production of a vola- 
tile base by heating piperme with soda-hme was first noticed hy Wertheim and Eoeh- 
leder, who at first mistook it for aniline, afterwards for picolme. Anderson and Oahours 
obtained the same base independently of each other, andyeoognised ita separate identity. 
Ita chemical relations’ have been investigated chiefly by Oahom's. 

Frepaiation — 1 When 1 pt. of pipenne is distilled with 2^ to 3 pts of potash-lime 
in a retort connected with a cooled reeeiier, a distillate is obtained, consisting of water, 
two distinct volatile bases, and a neutral substance having an agreeable aromatic 
odour When this crude liquid is treated with fragments of caustic potash, a light oily 
subataiiee’lBJJiMi^taSs having a strong ammoniacal odour, and dissolving in water in all 
proportions. This oil, when distilled, passes over almost wholly between 106° and 108°, 
but towards tbe end of the distillation, the thermometer rises quickly to 210°, and there 
remains stationary. The more volatile pniduct, which forms more than ^ of the crude 
hquid, distils over entirely at 106° when rectified: thishquidis piperidine (Call ours). 
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2. Piperine treated with nitric acid eTolvea red fumes, and forms a substance having 
an odour of hitter almond ml, and a brown resin, whieh dissolves with blood-rod colour, 
•in potash, and when boiled with that substance, yields piperidine m the form of a 
volatile diqmd (Anderson).— 3. Pipenue is decomposed, as directed at page 663, by 
boibngwith alcoholic potash, into piperidine andpiperate of potassium; and the mother- 
liquor separated from the erystata of that salt is distilled into a receiver containing 
hydrochloric acid, whereby hydroehlorate of piperidine is obtained. 

Fropcrties . — Piperidine is a colourless, very Empid liquid, bainng a strong ammom- 
acal odour, but recalling also that of pepper, and a very oaustio taste (Anderson). 
Blues reddened litmus strongly Boilsatl06°. Va^onr-donsity = 2958 (Gahours); 
calo. (2 vol.) = 2 946. It dissolves m aU proportions in water, forming a strongly 
alkaline hquid which reacts with salme solutions like ammonia, excepting that it does 
not redissolve the oxides of zme and copper Piperidme dissolves also in aloolml , it 
coagulates wkite of egg after a quarter of an hour. 

Xttrems acid acts violently on piperidine, forming a heavy aromatic hquid. Vhpoui 
of egam'a add passed into piperidine forms piperylene-carbamida (pipoiwl-nrea) • 
C‘H'‘K + ONHO = C“H‘“K^O. Gganate of mthjl and evanate of ethyl form 
similar compounds, with 1 at. H replaced hy 1 at. rneth;^! or ethyl (see CuiBAMimi, i. 
767). — 3 "^itdaiodide of methyl, cUortde of benzoyl, &o., it forms suhstitution-prodncts 
containing 1 at. of an aleohoho or acid radicle in place of 1 at. hydrogen (p. 667). 

Salta of Ptpertdine . — Pipendine saturates the strongest acids, and forms crys- 
talline salts with sulphuric, hydnodio, hydrobromie, hydroohlorie, nitric and oxaho 
acids. (Oa hours) 

The hydroehlorate forms long colourless needles, easily soluble in water and alcohol, 
volatilising at a moderate heat and not altered hy exposure to the air The solution 
forms with tncMonde of gold small needles of a fine ysllow colour, and With teiraohlo- 
Tide of platinum, long orango-eolouted needles, 2(0*fl"N HCl).Pt*i01*, veiy soluble m 
water, less soluble on alcohol (Cabours) With dvMoride of platinum pipendine 
forms the compound (0*H"N)®Pt''Cl* the solution of which in a large quantity of 
boiling water deposits the pipendme-componnd analogous to Magnus’s green ammomo- 
ohlonde of platinum. (See Platihtjm-bases ) 

Bydnodate of Piperidine, C‘H''N HI, erystaUises in long needles resemhhng the 
hydroehlorate. — The nitrate, forms small needle-shaped oiystala —The 

oxalate forms ddiciite needles 

Piperate of Piperidine, C‘H"N is obtained by lEsBolring piperio acid in 

aqueous piperidine, aa a crystalline pulp, and on dilution, in oolourloss laminte having 
a silky lustre. In contact with the am or with oil of vitnol, it tarns yellow from loss 
of piperidine It melts at 100° without further alteration, and when strongly heated 
gives bff pipondme and decomposes When heated for some time to 160°, it becomes 
partially insoluble in water, hut if then dissolved m an alkali, it yields unaltered pipeno 
acid when decomposed by acids With pentachloride of phosphorus, it behaves like 
piperio acid (Baho and Keller.) 

The sulphate, (0‘H''N)’H’'S0'*, obtained by saturating the base with sulphuric acid, 
is orystaUisable, dehquoscent, and very soluble in water. A solution of 1 at of this 
salt, boiled with 2 at. eyanate of potassium, yields piperylene-earbamide and sulphate of 
potassium : 

[(C‘’H">)"HN]sffSO* + 2 [^”|n] = 2 ^ jllj + PSO*. 


Compound of Piperidine mth Oarbomo Bisulphtde, (C’H”N)’*OS’“, or Piperyl-sidphoear- 
hamate of Piperylene-ammoniwm, (CS)" — This eompoimd is obtained hy carefully 


dropping snlphide of carbon into piperidine, and orystaUising the product from alcohol 
It ciyatalliaes in slender needles helongmg to the monoohnio system. 


.. Suhstifution-denvaiives of Piperidine. 

. a. Containing Alcohol-radioles. 

Piperidine exhibits the oharacters of a secondary monamine, inasmuch as, when 
heated with the iodide of a monatomic alcohol-radicle, it yields the J u^Judadato of a 
volatile ammonia-base, which when separated by potash, and heatelTSh a monatomio 
alcoholic iodide, unites directly with it, forming an iodide of an ammonium-base. Its 
formula is therefore probably jiq. 
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MetViyl-plpexiaine. CH'^N = (C'>H'"y'(GH“)l!f.~The hydnodaU is obtained 
by dropping pnperidme into an equal volume of cooled iodide of mctbyl • 

(G‘H'")''HK + GH“I = (G'H^nGff)!! + HI. 

The aqueous solution of tins salt treated iritb potash yields the base as o transparent 
oil of nromatia and ammoniacal odour, soluble in -water, boiling at 118°, and having a 
vapour-density of , calc. = 3 431 — The hydroehlnrate, C“H‘’N.EC1, forms fine 
colourless needles — The Maroylatvnate, 2(G"H'”N.HGl) PtCl’’, is obtained by sponta- 
neous evaponatiou of its alcoholic solution, sometimes in needles, sometimes in orange- 
coloured plates. (Cahours.) 

Iodide of Dimethyl-piperylene-ammomum, C’H’WI => (C‘H'“)"(CH*)’NI. 
— Methyl-piperidine and iodide of methyl heated together for some days to 100° m a 
sealed tube, unite and foim this oompoiiiid, which separates from alcohol in fine ciystols, 
and when heated, either alone or with solid potash, partly volatilises undecomposed, 
and is partly resolved into methyhe iodide and methyl-pipendino (Cahouas.) 

EtHyl-piperldJne. 0’Hi“N = = (G»H"')"(C»H*)N — The hydn- 

odate, prepared hlce the eorrosponding methyl-compound, yields the base by distillation 
with potash, as a colourless mohUo oil, loss aromatic than methyl-pipendino, lighter 
than water, in which it is less soluble than methyl-pipondiiie, easily solublo in alcohol 
and ether. Boils at 128°. Vapour-density, obs = 3 980 , calc = 3'917. 

The hydrochlorate, C'H*®N.HC1, forms boautiM highly lustrous needles. — The 
ohloroplatmate, 2(0'H:’*]Sr,HCl) PtCl*, crystaUises from warm aqueous alcohol in vary 
beautiful orange-coloured crystals 

Iodide of Dicthyl-piperylene-ammomum, = (C'H’iy^C’H'fNI. 

— Obtained like the corresponding methyl-compound, as a -viscid mass, -which dissolves 
in all proportions in water, hut does not crystallise. In contact with oxido of silver, it 
yields iodide of silver, and n hitter alkahne solution which yields by evaporation, deh- 
quoscent crjystals of hydrate of ’ ’ " • resolvable bv boat into 

ethyl-piporidine and a oomhustib. es in hydrochloric acid, 

and the solution whan evaporatec _ ^ ^ ' of the hydrocldorate. — 

The cMoioplatmate, 2C“H“NClPtGB, is precipitated on mixing the hydroehlorate -with 
aqueous tetrachloride of platinum, or crystallises on coolmg from a mixture of the 
boiling dilute solutions, in small orange-coloured ciystals resembling chloroplatinate of 
potassium. (Cahours.) 

Amyl-plperldlne, C’lI^'N =■ (C“H'")"(0‘H")N' — Prepared like the preceding 
compounds, Colourless oil. boiling at 186°, and smelling hko ammonia and fusel-oil. 
Vapour-density, ohs, = 5 477 , calc ■= S 373 It is loss soluble in water than methyl- 
or ethyl-piperidine ; forma crystaUisahle salts with moat aeids The hydHodate, 
oryatailises in broad, white, shining laminie The cUoooplaiinate, 
2(G‘“H“'N HOI) PtCl*, crystalhses from warm moderately dilute alcohol in. very hard 
prisms of a fine orange oolour. (Cahours.) 

/3, Containing Acid-radicles. 

Benzoplpexlde, C'®H'*ITO <= C*H'"(C’H‘0)N. — ^By treating piperidine -with 
chloride of benzoyl, a heavy oil la obtained which, when treated -with acidulated water, 
yields hydrochlorate of piperidma, while benzopiperido remains nudissolved, and 
quickly aohdifles. When pumfled, by reerystallisution from alcohol, it forms beautiful 
colourless prisms. 

Cumyl-piperlde, C'ff'NO = C'H'W'WO)!!, obtained like the preceding, 
by the aehon of chloride of cumyl on piperidine, forms beautiful tabular ciystals. 

PIPERIDIHrE-UBEA. See Cabbamidbs (i. 757) 

PIPEBIWE. C‘’H>»NO». (Oersted, Sehw J XXIX. 80— Pelletier, Ann, Gh. 
Phys [2] xvi. 344, li. 199. — Merck, Trommsd. N, J.xx.1, 34. — Wackeuroder, Br. 
Arch, xxxvii 347. — Duflos, Schw. J Ixi 22. — ^Varrentrapp and Will, Ann Ch 
Pharm xxxix 283. — Th. Wertheim, zAiif. kx 68.— Gerhard t, Compt Chun. 1849, 
p. 376 ; Ann, Ch Phys. [3] vii 263 —Anderson, Ann. Ch Pharm Ixxv. 82 , Ixxxiv. 
346 — Cahours, Ann Ch, Phys [3] xxxviii 76. — S ten house, Ann Ch. Pharm. xcv, 
108 — Von Babo andKeller, J. pr Chem. Ixxii. 63 — Strocker, Ann Oh. Pharm. 
cv. 317. — flm x v. 19.— Qerh iv. 93.) 

This alloiHl'J'ii't' Hovered by Oersted in 1819, exists in long and black pepper (Piper 
mgrum and P longuni), also, according to Stenhouae, in the black pepper of Western 
Africa, Oubeba Cliisti, which docs not contain enbehin. Aeeordmg to Landerer 
(Vierte(]ahi'Sohr, pr Pharm xi. 72), it exists also m the berries of Schims mollis, a 
tree belonging to the terebinthaceons order 

VoL. rV, XT TJ 



PIPEEINE. 


FreparatUn. — White pepper ia exhausted -with alcohol of specific gravity 0'833 , the 
tincture is distilled to an extract, and thia extract is mixed with potash-ley, which 
dissolves the resin and leaves a green powder. The latter is washed with water, dis- 
solved m alcohol of specific wavily 0‘83S and crystallised. By repeated crystaUisation 
the piperme is obtained colourless (Poutet, J. Chim, med i, 631 , Beivel Lehrb 
3 Aufl vn. 677) — Stenhouse dissolves the extract of cuhehs, prepared with wosd-spirit, 
in alcohol, and mixes it with strong potash-ley, whereupon a brown oil separates, which 
yields crystals on standing The mother-hqnor, if again mixed with alcohol, yields 
another portion of oil, which likewise deposits crystals on standing These crystals are 
purified by pressure and reerystaUisation 

Wiuckler (Mag Pharm xviii 163) distils the alcohol from the alcoholic tincture 
of long pepper . dissolves the residue in the required quantity of hot alcohol ; precipitates 
the solution with basic acetate of load ; mixes the filtrate wmlo warm with as much sul- 
phurio acid as is necessary to precipitate the lead , filters while warm ; distils the 
alcohol from the filtrate , Fausts the residue with water , and dissolves the imdissolved 
portion in hot alcohol, whereupon piperine crystallises on cooling. 

Impure piperme may he purified by washing with absolute alcohol, or better with 
weak potasn-ley. (Henry and Phsson ) 

Properties — Piperme erystaUises in colourless monoc/mio pnsms, exhibiting the 
combination coP.oP, sometimes with [coPoo] Ratio of a 6 = 1 468 • 1 Angle of in- 
clmed axes 6,0 •= 70” 42'. Angle ooP: wP (orthod.) = 84'= 30', oP wP = 76® 60' 
(Kopp). It melts at about 100° (Pelletier), at 100° or above (Waokenroder), 
to a pale yellow limpid oil, which solidifies on coolmg to a pale yellow transparent, 
strongly refi-aotmg ream. The specific gravity of fused piperine is 1 1931 at 18°. 
('Waokouroder) 

Pipenne is insoluble in cold, very slightly soluble in boihng water; soluble in 
alcohol, especially when warm, less soluble in ether. The slooholio solution has a 
very hot taste like that of pepper. It diseolves also in volatile oils and in acetic acid, 
hut not ia aUcalis. The solutions have no action on polansed hght. 


Caltulallon. Liebig. Pelletier. Kegnault Oerhardt. Laurent. Stenheuse. 



N 14 4 91 4 09 4-61 4-94 4 81 . . 4'7G 

09 48 18 84 19-44 19 29 17‘t9 16 99 . . 16 86 

CUH>»N09 286 lOO'OO lOO'OO 190 00 100-00 100 00 100-00 

Will and Varrentrapp found 4 68 per cent, mtrogen, Eegnault (Ann Oh, Phys. 
[21 Ixviii. 168) first gave the correct formula, which was corroborated by L a ur e n t (ihtd, 
[3] xix, 383), andflnally settled by Streeker’s investigation Older formulse . (P 

(Pelletier); (Liebig, Ann. Oh Pharm vi 36), 0’«l(»fl«0>9(GerhaTdt),- 

(Wertheim^ 0”‘1PJP‘‘0'^ (v. Babo and Keller). Oompare also 0 
Henry and Phsson (J. Pharm. ivii. 449) 

Becomposiiions. — 1. Piperme blackens by dry distillation, and yields a brown empy- 
reumatic oil, from which carbonate of ammonium crystallises (Gmelin)— 2. Heated 
in a platinum spoon, it melts like wax, takes fire at a sti-onger heat, and leaves an 
easily combustible charcoal (Merck) — 3. Pipenne suspended m acidulated water 
and exposed to the action of the dectric current, is -violently attiicked, as also by hot 
concentrated mr'trfo floof (Hlasiwctzand Roohleder, Wien. Akad Ber. v. 447).— It 
IS coloured blood-red by od, of vitndl, loses this colour on addition of water, and, if the 
action of the oil of vitriol has not been continued for a very long time, does not 
appear to be sensibly altered (Pelletier). Bromine converto pipenne mto a pecu- 
liar, non-erystaUine product (Gerhardt) Iodine acts upon it only when the two 
are fused together, fomung a dark blaok-hrown mass, whioh hardens on cooling 
(W ackonroder). — 0. 'Eitno amd colours piperme greenish-yoUow, orange, and then 
red; dissolves it with a yeUow colour, the solution yieldmg dirty yellow flukes when 
mixed with water ; and on farther action, produces oxalic acid, together -with a yellow 
artificial bitter (Pelletier, Oersted, Wackenroder). Strong nitric acid forms 
an orange-red resin, which partly dissolves with deepenmg colour when heated. The 
solution no longer yields piperine when treated -with water or alkalis (D u flo s). The 
brown resin which is produced from piperme by nitric acid, with -violent action, evolu- 
tion of nitrous acid, and tho odour of bitter almond-oil, assumes a splendid blood-red 
colour when treated with hydrate of potassium, and when boiletrtESemth yields a 
distillata of piperidine (Anderson). Von Babo and Keller, by troatmg pipenne 
with nitrous acid, and subsequently distilling it with potash-ley, obtamed volatile 
needles which had tho odour of ooumann, melted m boilmg water, dissolved in alcohol 
and ether, and, after fhsion -with hydrate of potassium, gave- the reaction of salicylic 
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acid with ferric chloride — 7 By boihng witli alcoholic potash, pipeline is converted into 
pipendine and piperate of potassium (p 653). When distilled -with potash-hme it 
yields piperidme, together with other products. If the temperature does not rise above 
160° — 160°, no ammonia is given off, and the brown residue contains an azotised acid 
which may be separated by hydroohlovio acid, it is yellow, resinous, and becomes 
strongly electric hy friction. If the mixture of piperine and lime is heated to 200°, it 
gives oif ammonia, and the residue often contains an unerystaUisahle non-azotised acid 
CWortheim) Piperme heated with hydrate of potassium melts, gives off a sharp 
odour of pepper, and yields a milky aqueous distillata, at a stronger heat, it gives off 
hydrogen and finally ammonia (Gerhardt). — 8 Pipendine heated with acid ohromato 
of potassium and sulphuric ac/id gives off a large quantity of carbonic anhydride and 
yields a shghtly acid . aqueous distillate which reduces nitrate of silver (Gerhardt). 
2 Permanganate of potassium added to a solution of pipenue mixed with sulphuria 
acid, colours it green after a few hours (Duflos). — 10. Phosphomolybdio acid colours 
piperme hrowu-yellow, and precipitates it in flocks (Sonnensohein). Piperine also 
forms a yellow precipitate with phosphautimome aatd (p 498). 

Salts of Piperine Piperine is but a weak base, and does not form salts with 
aU acids. 

Bydrochlorate.—P'vgea&i absorbs from 13'0 to 13-7 per cent, hydrochloric acid gas, 
forming a product which melts and orystallises on cooling, dissolves in alcohol, hut is 
decomposed by water. 

The ohloromsrourate, 20'’H’®lS[O*HOLHg''CP, is obtained by mixing a solution of 
1 pt. piperine in strong alcohol shghtly acidulated with hydroehlorie acid, and 2 pts, 
of mercui'io ohLorido also dissolved m alcohol, and leaving the mixture at rest for 
several days. It then deposits the mercury-salt in yeUow, shining, transparent, 
ti'iclinio crystals which become darker when exposed to the am or heated to 100°. 
(Por details of the orystalhne form, see Schabus, Sestimmung dor Krystallgestalten, 
&c,, p. 198; also Gm xv. 23.) The salt is insoluble m water, slightly soluble in 
strong hydroobloxie acid and m cold alcohol, more soluble in boiling alcohoL 

Ohloroplaimate, 2HC1 Pt'^CP — Obtamed in large, roseate, monoclinio 

crystals, by mixing a concentrated alcohohe solution of piperine with a concentrated 
alcoholic solution of platituc chloride aaidnlated with strong hydroohlono acid. It is 
very slightly soluble in water, and appears to be partially decomposed by a large 
quantity ; moderately soluble in boihng alcohol, whence it separates on coolm^ as an 
orange-eolom-ed crystalline powder It may be dried at 100° without alteration, bat 
melts and decomposes with mtumeseence' at a higher temperature. 

Iodide of Piperine — Piperine unites with iodine, forming shming, bluish-black 
needles, soluble in alcohol and containing 4C”H''lIO*.I‘. (Weltzien, Zusammenstel- 
lung, p. 662.) 


FIPBRIT2;, OXiEuni IWENTTB^:, volatile oil of peppermint, is prepared hy 
distilling the herb of Mentha pipenta with water. It is a transparent, usually 
colourless, but sometimes greenish oil, very mobile, having a pungent odour and an 
aromatic burning taste with cooling after-taste. Specific gravity =• 0 902 — 0‘91 
(Blanchet and Sell); 0'899 after sever^ rectifications (E an e). 0'9028 nt 14’6° 
(Gladstone). Par the refractive and optical rotatory power, according to Gladstone, 
see Oits, TOLATan (p 189). Boiling pomt 188° — 193° (Kane) When exposed to 
cold, or submitted to fractional dishflation it deposits Peppermint-camphor or Men- 
thol, G'^H^O (iu. 880), m quantities varymg according to its origin. Tho permanently 
liquid portion of the oil has the composition C'*H-”0, according to Blanchet and 
Sell , according to Kane (J. pr. Ohem. xx. 439) 

Oakeamidb, i. 767.) ' ^ 


PlPXiBiri.ZI»ZI-STlIiPBOCASBAMXC ACID. See PiPBBmirni (p. 656). 
PIPESTONE. A variety of clay-slate. 

PIPETTE. A vessel with a bulb and narrow neck used for transferring liquids 
(See Anai/Tsis, Vomwbtbio, i. 266 ) 


PIROPij^jSyn. with Pxrope. 

PISANITE. ' il^tive sulphate of copper and iron found in a cave neor a bed of 
cupriferous pyrites in Turkey. It gave by analysis 16'66 per cent. 0u''O, 10’98 Fb"0, 
20 90 SO® and 43'56 water, agreeing with the formula (Cu , Fe)"SO*.7H*0. (Pisani, 
Jahresb 1869, p. 811.) 

PISOEITE. Syn. with Pbastonh (p. 360.) 
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PISSOFBAN'B. An amorphous or stolaetitie mineral oeourring at Garnsdorf 
near Saalfeld, and atEeiehenbach m Saxony, consisting of basic aluminico-ferric sulphate. 
Hardness =>16. Specific grayily 1'93 — 1‘98. It is transparent, with ohve-green 
oolonr and yitreona lustre , very fragile and exhibits a eonchoidal fracture. It has been 
analyBed by Erdmann (Schw. J. Ixii 104), with the following results • 

Gancue and 

A1’03. Fe20». SOU. H20 lo5« 

1. Grem . . . 36-16 9 74 12 70 41 ’69 0 71 = 100 

2. „ . . . 36 3 0 9-80 1 2 49 41 7 0 0 70 = 100 

8. Yellow . . . 6-80 40-06 11 90 40'13 1 11 = 100 

Nos 1 and 2 are probably SM^O’SO® 1SB?0 or more exactly 6M“O“.2SO“.30H*O- 
No. 3 IS 2M*0“S0».16H*0 (Dana, n 390.) 

PISTACXA. The berries of Pistaem Lentiscns, a terebinthaceous plant common 
in Algeria, yield when comminuted and boiled with water, from 20 to 26 per cent, of 
a dark green sharp-tasting fat, which melts completely at 32°— -34°, and may be 
resolved, by partial solidification and decantation of the still fluid portion, into a white 
crystalline fat melbng at 34° — 36°, and a dark green fat remauiing fluid at 0°. 
(Leprieur, E6p, Chun. app. ii 328 ) 

PXSTACITE. Lime and iron epidote (ii 390 ) 

FXSTOZHCESITE. Syn. with Mxsitin-spar (iii. 928). 

PXTOB. Povs. Peak This term is apphed to a variety of solid resinous sub- 
stances which are generally of a dark colour and brilliant lustre The common kinds 
of pitch are obtained from some one or other of the various kinds of tar produced in the 
destructive distillation of wood, coal, &c , and are prepared by e-vaporating off from the 
tar, the liquid oily substances mixed with the sohd resinous matters, until the residuum 
has the desired consistence. 

A certain amount of pitch may in this way he obtained from all kinds of tar , but as 
a rule, the tor produced in destructive distillation at high temperatures, and that 
obtained from highly resinous wood and from caking coal, even at comparatively low 
degrees of heat, contains a much lai-ger proportion of the solid resinous substances 
which constitute pitch, than the tar produced at a low red heat, or obtained from bitu- 
minous minerals which do not cake or undergo a kind of partial fusion when heated 
(See Tab.) 

Pitch IS generally prepared either from Archangel, Stockholm and American tnr, or 
from that kind of coal-tar produced m the manufacture of lUuminatmg gas Besides 
these kinds there are several varieties of pitch which occur native and are commonly 
termed mineral pitch. (See Asphalt, i, 425 ) 

Little IS known of the chemical history of the several varieties of pitch , but in general 
their constitution is probably more or less analogous to that of other resins, and like 
these latter, they present specific differences in their behaviour with solvents, &o 
Another kind of pitch, called Bwrmmdy pitch, is employed in medicine, and is the melted 
rusm of Abietis rmna or Thva. It is of a yellowish-white colour. B. H. P, 

PITCH, latlTERAX,. Syn. with Bn-rniraiN. 

FITCHBiBN-SE. Native oxide of uranium (see Ueanium) 

FITCaSTON-E, A felspathie rock (ii. 623) containing excess of silica, and 
having a pitchy rather than a glassy lustre 

PITCHY XROET ORE. A term apphed aometimos to triplite (p 671), some- 
times to pitticite iyulrd), sometimes to a variety of brown hsematite. 

PITKARAETTITE. A dark green mineral from Pitkin-auta in Pinland, consist- 
ing of an altered hornblende, occurrmg, according to Scheerer, in crystals having the 
form of aiigite, and spUtting into thin plates porSlel to the orthodiagonal. Contains, 
according to an analysis by E Eichter . 61 26 per cent. SiC^, 0’41 APO®, 12-71 Pe”o’ 
0-83^ Mn"0, 13-30 Mg"0, 9-17 Ca"0 and 2 62 water {Eammeleberg’ e Mimc-alohmu, 

PITOYXISB. All alkaloid obtained, according to Peretti (J Pharm.Oct 1836, 
p 613), from Ghina Pitoya, which is probably identical with China Incolor or Ch 
Tecmnea. It is solnhle in water, alcohol, and ether, and has a shghtly bitter J uste, which 
is stronger in the squeous or alcoholic solutions of its sails. 100°, and 

partly yolatihses at a higher temperature in very hitter vapours which condense in 
prismatic crystals. It is decomposed hy hot strong nitric acid. It is said to bo a 
febrifuge. (Handw. d. Chom vi. 640.) 

PIXTAOAE (from irfTTB, pitch, and KaUs, ornament or beauty). One of the 
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numerous suistances diecovared by Eekbenbacb in the comae of hia researches on the 
oils produced by the distillation of wood-tar. Its compoaition is unknown. It is 
obtoined by acting on the heavreat or least volatile portion of the oil first with potash, 
until the free iicicla are nearly neutralised, and then with haryta-water. In this 
nmmier a deep blue colour is formed This blue substance la pittacal, probably m a 
very impure condition In the solid state it possesses a coppery or bronze-like lustre ; 
but tins property is not characteristic, as it is shared, not only with almost all coal-tar 
coloui'B, but also with indigo and priissian-blue. 

Pittacal appears to h.ivo decided basic characters, for it is dissolved by aeids and 
precipitated by alkalis It is tasteless, inodorous, and not volatile without decomposi- 
tion. It is insoluble in water, alcohol, or ether, and no process is known by which it 
Clin be separated from other substances, or its piuity ascertained. It forms a species 
of lake with alumina, and is said to dye a fast blue on vegetable tissues mordanted with 
tin or alumina. Its acid solutions are reddish , but, when diEEused m water, it is said 
to have a greenish tint 

In many of its reactions, it resembles the colouring matters formed by acting with 
oxide of silver or aUcaHs on the locUdoa of the ammonium-haaes derived from certain 


treating iodide of „ _ , , 

identical or homologous with pittacal. But it must not be forgotten that those colours 
were yielded only hy the bases derived from the products of the distillation of cm- 
chonme, and that the same products cannot he proewed from the isomeric bases of the 
leueohue series On tlis otlier hand, the reactions which occur during the formation of 
the blue obtained hy nctmg on a solution of iodide of pelamme (lii. S73) with potash 
or ammonia, remarkably resemble the phenomena observed in the production of 
pittacal. (See Anra-OHUfoiiNB, i 873 ) The insolnbihty in alcohol appears to he 
tho chief distinotion between pittacal and the colomed denvatives from coal-tar or 
einchoiune. 

On ti’eating the heaviest bases from coal-tar with sohd potash in the process for 
rendering them anhydrous, the fluid (asoortamed to be free from copper) often 
heoomea of a light blue colour, which seems to indicate tho presence of a substance 
allied to the body from which pittacal is derived 

The interest attaching itself to pittacal is rather increased than lessened by the 
n-benrehes which have been made upon the coloming mutters of coal-tar, because they 
appear to show that woocl-tar may eventually become a source of new colours At the 
same time, the oomparatively small amount of nitrogen in wood, while limiting the 
formation of alkaloids, points to the heavier and less known non-hosic oils as the chief 
soiuco of new derivatives. 0. G. W. 

PITTICITB. Pittieite, Iron winter Dmrtenate of Iron Pdohy Iron ore Eisen^ 
fteherz. — ^An arsenate-sulphate of iron ooourrmg in reniform masses, having a yellowish 
or reddish-brown, hlood-red, or white colour, yellow streak and vitreous lustre , trans- 
lucent to opaque ; hardness = 2 to 8 , specific gravity = 2-2 to 2'5. 

•Analyses.— a. BromBreiberg (Strom oyer, Gilb. Ann.ha 181).-—i.]?romSchwarzen- 
berg in Saxony (Earn m el sh erg, Pogg. Ann Ixxu 139). — c, d. Etom S 
in the Budhausberg, near Gastein , yellow (Eammolsherg) 


As*0>. S03. 

а. 26'06 10 04 

б. 26 70 13 91 

c. 24-67 6 20 

d. 28-46 4 36 


34 86 
64 66 
68-00 


29-26 - 99-10 

24 64 = 100 

16 47 =? 100 

12-50 = 103 40 


These analyses show that the mineral is of varying composition. Anolyaia a may be 
represented by the formula (SFo'O" 2As'0'').(Eo=0“.2SO’) 30ff 0 , which contains the 
same salts as diadoohite; b hy (3Fe*0* 2As*0“),(Fe^0".3S0’) 241I“0, eontaming 1 at 
SO* more than the preceding , o and d ar 


PXTTXNXTE. 


Ji impure variety of pitchblende. 


PBAOION-XTB. A sulphantunonite of lead occurring at WoEsberg in the Hartz, 
m mnuncli me ervfl tals having the axes a’h - o = 0 8802 - 1 0-37016. Angle of in- 
clined axes ooP ooP =. 86“ 25',- oP. [Poe] = 168° 9' Observed combi- 

nation, 2P . oP . P oopoo. The crystals are toick tabular, the face oP shining 
and smooth, the others striated. Cleavage parallel to 2P, perfect The mineral occurs 
also massive, granular Hardness = 26 Specific gravity = 5-4. Iiustre metallic. 
Colour blackish lead-grey. Opaque. Brittle. Before the blo-wpipe it decrepitates 
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and melts easily, giTing off fumes of sulphur and ankmonious oxide, and coating the 
charcoal with oxide of lead. 

According to an analysis hy H Eose (Pogg. Ann xxvni. 428), iteontaina 21'68 per 
cent, sulphur, 37 94 antimony, and 40-62 lead agreeing niost nearly with the formula 
Pb'Sb'S'’ = 6Pb"S.4Sh‘S“, which requires 21-10 per cent sulphur, 37 86 antimony, 
and 40-74 lend. 

PltAKTEBITE, A mineral consisting of hydrated alutumic phosphate ivith cupric 
and ferric hydrates, occurring m fissures of disintegi-ated quartz at Gumeschofak m 
the Ural, in botiyoidal aggregations haring an mdiatinct fibrous structure, a green 
colour in the recent state, translncent on the edges Speoifle gravity = 2 66. It is but 
sligbtly attacked by acids, but easily by caustic potash or soda, which dissolves tlio 
phosphate of aluminium, leaving a brown residue. Analysis gave 33 94 per cent. 
P*0»; 37-48 A1®0“, 3-78 Cu”'0, 8-62 Ed'O and 20 93 H=0 (= 99 69), answering to 
tbo formula 4(3A1’0*2P'0» 9HK)).3(Ou -, Pe)"H=0«. (E. Hermann, Jabresb. 1862, 

p. 764.) 

PEAKTAGO. The ash of the sea-side plantain {Flaniago mantma) has hoen 
analysed by E. Harms (Jabresb 1868, p 611). 100 pts were found to oontam 4-97 
per cent snlpbuno anhydride, 0-68 phoaphorio anhydride, 3-76 ailioti, 2 28 feme phos- 
phate, 1-13 Auminic phosphate, 62 63 chloride of sodium, 10 37 chloride of potassium, 
4 71 magnesia, 6 69 Hme, and 3 08 potash. 100 pts of the green plant yielded 79-62 
pts. water, 100° pts of the fresh plant gave 3 91 per cent, ash; of the plant dried at 
100°, 19 12 pta. 

PIiAWTS, CHBiaiSTBV OP. See Phyto-ohbmistbt (p, 630). 

PXaASlWCA. A faint translucent chalcedony, approaching jasper, having a greenish 
colour sprinkled with yellow and whitish dots, and a glistening lustre. 

The termyjlaamois also applied to the Simplest form of organised matter in the 
vegetable or animal body, out of which the several tissues are formed. 

PXiASKIIir. A name applied by Denis (Oompt rend lii. 1289, Jahresb 1861, 
p 726) to a constituent of the blood to which he supposes the property of spontanooiis 
coagulation to be duo. It is extracted from perfectly fr-esh blood, by addmg a satu- 
rated solution of sulphate of sodium of the vol of human blood), filtering the super- 
natant hquid from the blood-globules wter some hours, and saturatmg it with pulverised 
chloride of sodium. The plasmin then separates in fiooks. It is solubls in water, is 
not altered by careful drying at 40°, but loses its solubility lu water when heated to 
100°, or by contact -with acids and alkalis, even when very dilute. The solution in 16 
to 20 pts. water solidifies after a ’few mmntas to a colourless transparent jelly, which 
by pressure between paper is converted into fibres of fibrin. 

PIiABTEB. A phatmaeottfcioal term for lead-soaps (lii. 660). 

l>liASTBB OP PABIS. Gypsum heated and ground up. It is tlierehy ren- 
dered anhydrous, and when subsequently mixed with water, quickly takes up the 
water of hydration which it has lost, and is converted into a hard substance wboh ex- 
pands m solidi^dng, so that it accurately fits into any mould mto wbioh the pasty mix- 
ture IS poured, hence it is much used for takmg casts of statues, medals &c. (See 
Gtosttif, li. 963.) 

PIiATA aZUXi. a term applied in the Mexican mines to an ash-grey or black 
mineral regarded as carbonate of silver ; also called Sbibitb. 

PIrATA VBBIlB. native bromide of silver. (See Silvee ) 

PXiATAIMEMCOHlVlU. A hypothetical base, N“H*Pt", supposed to exist in the 
diainmonio-platinous compounds. (See Piatinum-bases. ) 

PBATABSEKrETHYXiXUllC. As’'(C”H*)Tt". (See AbSENIC-eADIOEbs, Oeqajtio, 
i. 400.) 

PE AXIB-A. The old name of Platinum. 

PBATIlrlC and PBATIHTOVB CO»POTTNDS. (See PlATOTOm, p. 666.) 

PIiATlH-inM. Aiomio weight 197-4. Symbol Ft. This metal was discovered in 
the aunferouB sand of certain rivera in America. Its name is derived from the 
Spamsb word, platma, a diminutive oijUata, silver, and was applied to it on account 
of Its whiteness. It occurs in the form of rounded or fiattene cLpi-a j— ?? a metallic 
lustre. It has been found m Brasal, Mexico, California, Oregon, St. Dommgo, and 
on the eastern dechvity of the Ural ehain , in small quantity also in certain copper-ores 
from the ^ps , it is everywhere associated -with the dehi-is of a rock, easily recognised 
as belonging to one of the earhest volcanic formations. 
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The grains of native platinum contain from 76 to 87 per cent of that metal, a 
quantity of iron generally sufficient to render them magnetic, from J to 1 per cent, of 
paUadinm, but sometimes much less, ivith smaller quantities of copper, rhodium, 
osmium, iridium, and ruthenium. To separate the platinum from these bodies, the ore 
is digested m a retort -with hydrochloric acid, to which additions of nitric acid are 
made from time to time. When the hydrochloric acid is nearly saturated, the liquid 
is evaporated in the retort to a syrup, then diluted with water, and drawn off from the 
insoluble residue. If the mineral is not completely decomposed, more nitro-mnriatio 
acid is added and the diatiUation continued. A. portion always remains undisaolved, 
consisting of grains of a compound of osmium and iridinm (in ."24 ; iv. 240), and 
httle brilliant plates of the same alloy, hosides foreign mineral substances which may 
be mixed with the ore The solution is generally deep red, and emits chlorine from 
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■brought into any req^uired form by heating and hammering, just lilco any other ductile 
metai If the platimim has become covered, -while in the fire, with ferruginous 
eealeg, it must be coated with a moist mixture of equal measures of borax and cream 
of tartar; heated to redness m an ah'-fumaee on -a platinum tray, over which an 
earthen pot is inverted , and immersed, -while still hot, in dilute sulphuric acid, which 
dissolves the flux in a few hours. — ^The speeiilo gravity of the c.ike (-with its in- 
terstices), after pressure, is about lO'O, after strong ignition, from 17 0 to 17 7 , after 
hammermg, 21'26 ; after drawing out into thick wire, 21'4 , and after drawing out into 
very thin wire, 21’5 (W ollaston ) 

Uommereial platinum prepared as above described is never quite pure, always 
retainmg small quantities of osmium and siliemm To free it from these impurities, 
and at the same time to render it more compact and free from pores, Deville and 
JDebray fuse it by means of a hydrogen or coal-gas flume fed with oxygen, in the 
lime-furnace represented in flgm'os 733, 731 (p. 312). The osmium is then driven off 
as oamia tetromdo and the silioium passes to the state of calcic sdicute, which melts to 
a colourless bead, and is ultimately absorbed by the walls of the furuace. Iron and 
copper also, if present in the platiniim, are oxidised and form fusible slags, which are 
absorbed by the Ume. 

De-nlle and Dobray have likewise introduced the following new process for the ex- 
traction of platinum from its ores m the di^ way. A small reverberatory furnace, the 
bed of which is composed of a hemispherical canty of fire-brick hned with clay, is 
heated to full redness, and a charge, consisting of 2 ewt of the platinum ore mixed 
with an equal weight of galena, is added in small quantities, stirring -with iron rods till 
tlio platinum and lead ores have combined into a matt A small quantity of glass is 
thrown in to acl as a flux, and by degrees a quantity of litharge is added equal in 
weight to the galena. The sulphur of the g.ilena is thereby completely oxidised and 
expelled, whilst the load of the galena and the litharge is reduced to the metaUio state, 
and unites -with the platinum, forming an easily fusible alloy On leaving the melted 
mass at rest for some time, the osmide of mdium (which is not attacked during 
ths operation) gradually sinks to the bottom of the liquid alloy, the upper portions 
of the platmlferoua lead are then cautiously decanted from it by iron ladles and 
cast into ingot-moulds. The residue containing the osmide of indium is added to 
a subsequent molting. 

The platiniferous lead is now submitted to cupeliation in the ordinary way, and the 
onide metallie platinum left after cupeliation, is refined by fusion on a bed of lime as 
above desori'bod. The platinum thus obtained is nearly piu?o, and very ductile and 
malleable. 

An alloy of platinum, indium, and rhodium, hotter adapted for some purposes 
than pure platinum, because it is harder, hears a higher temperature -without fusing, 
and IS less easily attacked by chemical reagents, may be obtained by simply faaiiig the 
platinum-ore in ths oxyhydrogen flame on a bed of lime, with a quantity of lime equal 
in weight to the amount of iron ui the ore. Palladium and osmium are volatilised 
diu'uig the fusion, while the copper and iron are oxidised, and form fusible compounds 
-with ths lime. The melted alloy is either poured into water to granulate it, or oast m 
a very shallow mould of gas-eharcoal 

Another method proposed by Deville and Debray is to treat the platinum ore -with 
nitromunatie acid, decant the liquid trom the msolnhle osmide of indium, and slowly 
evaporate the solution of chloride of platinum, palladium, &c , till the residue begms to 
decompose The red powderthus obtained is then heated to redness m a large covered 
crucible of earthenware or platinum provided with a neck to convoy the gases into a 
chimney 'When the calcination is finished, the platinum-powder is transferred to a 
wooden bowl, and washed in the same manner as auriferous earth or plutiuum ore 
itself The dense shining platinum-powder which remains is then refined by fusion 
in the lime furnace as above. (Ann Oh Phys [3] Ivi 386; Jaliresb 1869, p 262 ) 

Properties . — Pure platinum when forged, and especially when refined by Deville and 
Dobray’s process, is nearly as white as silver , it takes a high lustre by pohshing , has 
neither taste nor smell; and is very ductile and malleable. A platinum wire 2 milli- 
metres in diameter, breaks -with a weight of 124 kilogrammes Platinum is softer 
than stiver, but its hardness is much increased by ths presence of traces of iridium , 
perfectly pure platinum is about as bard as copper It expands by heat less than any 
other metal, and m its power of conducting heat and electricity, it is much inferior to 
gold and silver, and very near to iron (ii 467 , in 936) Platinum resists the 
strongest heat of a forge-fire, hut may bo fused by the electric eurrqjjt, ^ oxy- 

hydrogen blowpipe, before which it is volatdised and dispersed -with scintillations. 
According to Deville ond Debray, it absorbs oxygen in the fused state, and if melted 
in considerable masses, spits like silver on rapid cooling It has not been orystallised 
artificially, but very perfect oetahedrons and cubes have been, found in the naUve beds. 



PLATINUM; ALLOTS. 


Pktinm is the heaviest of all known suhstiineea, except oaminin and iridinm, which 
are equally dense Its specific gravity varies according to the manner in which it has 
been treated; that of hammered platimmi is 2l'2fi ; of platinum drawn into tluek 
wire, 21'i , and after drawing into very thin wire, 21 ‘6 CWollaston); platinum 
sohdified from fusion has a density of 21 16. (Deville and Dehray.) 

Platinum possesses a remarkable power of causing the combination of oxygen with 
hydrogen and other comhiiatihle gases (see Combustiow, i 1092, and Coktact-aotion, 
11 . 12) This property is exhibited even by a dean aurfaca of platinum, in a greater 
degree by platinum in the spongy state (p. 062), and most of all by the extremely 
divided form of the metal called platinum -black. The metal may be obtained in 
this form . — 1. By dissolving platinous chloride m a hot and eoncontrated solution 
of potash, and pouring alcohol into it while still hot, by small quantities at a time ; 
violent eftervescenoe then occurs from the escape of carbonic anhydride, by which the- 
contents of the vessel, unless capacious, may be thrown out. The bquor is decanted 
&um the black powder which appears, and the latter boiled snccessively with .ilcohol, 
hydrochloric acid and potash, and finaHy four or five times with water, to divest it of 
all foreign matters — 2. By decomposing a hot solution of platmio sulphate with 
alcohol — 3 By boihng a solution of plntimo chloride with carbonate of sodium and 
BUgur; oldonde of sodium is then formed, water and eaibonio anhydride are produced 
by oxidation of the sugar, and the platinum is precipitated in the finely-divicted state. 
— 4 By prooipitatmg the metal with zino from a solution of platimo chloride con- 
taining excess of hydrochloric acid, or, according to Brunner, by digesting metallic 
zmo with a mixture of oliloroplatmateof ammonium or potussuun and strong snlphurio 
acid.— Platmnm-hlack, when dried, resembles lamp-black, and soils the fingers, but 
still it is only metalhc platinum extremely divided, and may be heated to full reiiass 
without any change of appearance or properties. Itloscs these properties, however, by 
the efieot of a white heat, and assumes a metallic aspect. Platmnm-hlack, hkc wood 
charcoal, absorbs and condenses gases, in its pores, with evolution of heat, a property 
which must assist its notion on oxygen and hydrogen, although probably not essential 
to tliat action IVhen moistened with alcohol, it determines the oxidation of that sub- 
stance in air, and the formation of acetic acid ; and, in a similar manner, it converts 
wood-spirit into formic acid. 

Platinum does not oxidise in the air at any temperature It is not attacked by any 
single acid ; but niivamunatic aad dissolves it, though slowly. If lieated to redness in 
the air in contact with caustio ul/^alza or allakne earths, especially with hydrate of 
lithium or barium, it is corroded, in consequence of the formation of an oxide which 
unites with the alkali ; it is also attacked at high temperatures by acid sulphate of 

Spongy platimun unites with sulphur when the two are heated together somewhat 
strongly , hammered platinum is hut very slowly attacked by sulplinr Pkospho) us and 
arsenic easdy unite with spongy platinum when heated with it, forming very fusible 
compounds 'When an organic substance containing phosphorus — cerebral matter for 
example — is burnt in a platinum erneible, pbosphonis is sot free and umtes with the 
platmum, forming a very fusible phosphide, so that the crucible sometimes becomes 
perforated Chlorine is very slowly absorbed by platinum ; todvne and bromine have no 
action upon it, A mixture of sihca and charcoal easily attacks platinum at high tem- 
peratures by forming a siKcide of platmum • hence platinum-crucibles must never be 
placed in direct contact with a coke or charcoal fire, but always endosod in an earthen 
crucible containing magnesia. 

Uses. — ^The unalterabhity of platinum at high temperatures, and its power of resisting 
the action of most ohemioal agents, render it extreindy useful for the construction of 
crucibles, evaporating dishes, forceps for blowpipe experiments, &c. Laige platinum 
atiUs, sometimes weighing more than 1000 ounces, are used for the concentration of 
oil of vitriol. They are gdt on the inner surfaces, because without this coating, plati- 
num prepared by ‘Wollaston’s method soon becomes snflleiently porous to allow the 
transudation of the acid An attempt was made in Bussia to use platinum for coinage, 
but it was not found convenient. Platinum is sometimes used &r the touch-holes of 
fowhng-pieees (JBMer’s Elements of Chemistry, ii 828 ) 

Compounds of Platinum, — Platmum forms two senes of compounds, the platinous 
compounds m which it is diatomic, e g PtCB, PtO, &c, and the platimo compounds 
in which it is tetratomic, e g PtCP, PtO“, &c.* It shows but little tendency to form 
salts with Qyvgen -aoids. 

PXiATII9'Trni;,lS[iIiO'S'S op. Platinum unites with most other metals, forming 
alloys which are for the most part more fusible than platinum itself : hence platinum 
crucibles must never be used for fusing other metals in, or even for igniting the oxides 
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of tli6 more fusible motala, such as lead and biamutb, -vybosa oxides are easily reduced 
by contact with carbonaceous matter. 

1 pt of spongy platinum unites easily -with 2 pta. of pulverised antimony, the com- 
bination being attended with yind incandescence, and when tho temperature is 
further raiaed, the compound fuses into a ateel-gvey, brittle, fine-grained alloy 
(Gehlen) Viyid incandescence is likewise prodne^ by wrapping aiitimonjr in tbm 
platinnm-foil, and heating it before the blowpipe (Murray, Edmb Fhil. J. iy. 202) 
The alloy when heated in the oir, gives up its antimony Mmost wholly, and leaves 
jnalleiible platinum (Fox, Ann. Phil. xiii. 467.) 

100 pts of spongy platmiim heated with excess of atssmo, yield 173 6 pts. of arse- 
nide of platinutOj tho combination being attended with vivid combnstioni When plati- 
num is heated witli araenions oxide and carbonate of sodium, arsenide of platinum and 
asenatc of sodium are formed. Arsenic wrapped up in plarinnm-foil, likewise exhibits 
viiid combuation before the blowpipe (Murray). The alloy is brittle, and easily 
fusible When it is heated m the aii for some time, at a continually increasing tem- 
perature, but not sufficient to melt it, the arsenic gmduaHy burns away, and leaves a 
porous residue of platinum in a state fit for working. 

Platinum hoated with an equai weight of banv/m before the oxy-hydrogen blowpipe 
melts to a bronze-eolonred alloy, which in the course of 24 hours, decomposes and 
leaves a reddish powder. (Clarke, Gilb Ann. Ixii .872.) 

1 pt of spongy platinum and 2 pts. of Immuih heated together combine readily, but 
without visible combustion, and form a blnish-grey, brittle, easily fusible alloy, having 
a laminated fracture (Gehlen) When this alloy is fused at a moderate heat, the 
two motals separate partially, according to their densities. When it is strongly 
ignited in contact with air, the greater part of tho bismuth burns and forms a vitreous 
oxide, till the residue is no longer fusible 

Platinum heatedwithcndjMJKTO till tho excess of the latter is volatihsed, forms a silver- 
white, very brittle, fine-grained alloy, refractory in the fire and containing 46*02 psi 
cent platinum and 5468 cadmium, (herefore nearly PtCd*. (^Stromayer) 

With coppef, platinum does not combine below a white heat Equal weights of 
platinum and copper, heated together in the oxy-hydrogen blowpipe flame, yield a pale 
yellow alloy having the colour and specific gravity of gold, extensible, easily attacked 
by the file, and. tarnished by exposure to the air (Clarke) An alloy of 2b pts copper 
and 1 platinum, is malleable, rose-coloured, and exhibits a fine-graiiied fraelnre. The 
alloys of copper and platinum take a fine pobsh and ate sometimes used fur the mirrors 
of telescopes, 

7 pts. of platinum and 3 yold form an alloy infusible in the strongest blast-fnmaee 
Alloys containing a larger proportion of gold fuse at that degree of heal (Prinsep). 
2 pts platinum and 1 gold form a brittle alloy 1 pt. platinum and 1 gold form a veiy 
malloaffie alloy having nearly the same colour as gold. The alloy of 1 pt, platinum 
and 9'6 gold has the colour of gold and the density of platinum (Clarke). 1 pt 
platinum and 11 gold form a greyish-whiteaUoy, like tsmisliod silver. (Hatchett) 

The alloy of platimim and indium, has been already described (iii. 317) , slso the 
alloys of platinum, indium and rhodium obtained by fusing platinum-ore (iv, 664). 

The alloys of platinum and iron are described under Ikon (iu. 389). 

head unites very easily with platinum Melted lead poured into a plstmum-omoi- 
ble dissolves a portion of the platinum Lead wrapped in platinum-foil exhibits 
incandescence when heated (Murray) 1 pt of spongy platinum and 2‘7 of lead 
heated to redness together, combine without visible combustion, and form an easily 
fusible compound, which has the colour of bismuth, splits under the hammer, and 
exhibits a fibrous fracture Tho alloy of 1 pt platinum and 2 pts. lead ts somewhat 
more brittle (Gehlen) An alloy containing equal quantities of the two metals has a 
purple colour and stnated smface, and is hard, brittle, exhibits a granular fraoture, 
and is altered by exposure to the air When these alloys aro heated to redness in the 
air, only part of the lead separates from the platinum, tho separation going on indeed' 
only so long as the alloy remains fusible. 

The oompoimds of platinum and mercury have been already described («i 88B). 

Equal parts of platinum and molybdenum yield a hard, brittle, shapeless lump 
having a light grey colour and metallic lustre 4 pts. platinum and 1 pt molybdenum 
form a hard, brittle, blmsh-gvoy alloy, having a granular fracture. 

Equal parts of platinum and niehd placed upon a piece of charcoal burning in a 
stream ot oxygen, unite quiddy, and form a pale yellowish-white alloy, perfectly 
malleable, susceptible of a high polish, equal to copper in fusibilsfei, nickel in 

magnetic power. (Lampadius) 

:^ual parts of platmum essA yaUadium unite somewhat below the melting-point of 
the latter, forming a grey alloy as hard as wrought iron, having a spooiflo gravity of 
15’141, loss ductile than the alloy of palladnim and gold. (Chouevix.) 
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Witli potassium, platinum mutes readily, exhibiting ineandeseenca and forming a 
shining, brittle alloy, •which burns -when heated in the air, and is decomposed by 
water, mth formation of black scales, usually regarded as a hydride of platinum. 

Bilm- unites with platmiiiu in all proportions. A very small quantity of platmpra 
renders silver haid. Hot od of vitnol dissolves out the silver from the alloy, and 
leaves the platmiun, Hitrie acid aliyays dissolves a certain quantity of platinum 
together -with the silver, and -with a certain proportion of silver the alloy is completely 
soluble in mtrio acid. 

The alloy of platinum and sodium resembles that of platimim and potassium. 

Tm and platinum fused together in equal parts form a dark-coloured, hard, brittle, 
tolerably fusible alloy, haviiig a coarse-grained structure. A very definite alloy of tin 
and platinum having the composition Pt’Sn", is obtained by melting 1 pt platinum 
with 10 pts tin, leaving the mass to cool slowly and troatmg it with hydrochloric acid, 
■which dissolves out the excess of tin, and leaves the alloy in beautiful geodes, lined 
with cubic crystals, or rhomboliedrons havmg their angles very near to 90°. (Deville 
and I) ehray.) 

Zmo appears also to form a definite alloy with platinum, analogous in composition 
to the preceding and obtained in Iilco manner. (Deville and Debray.) 

PKATXN'trza, ANTimON’lDZl OF. (Seep 666.) 

PKATISrtnw, AKSEKTIDE OF. (See p. 666.) 

FltATlirtTni, BORIDB OF. Platmum heated witli borax and charcoal, melts 
Into a hard, brittle, somewhat crystalline mass, which when dissolved in nxtromunatic 
acid, leaves a residue of borio acid (D esootils, Anu. Chim Ixvu. 881. Boron heated on 
platmum-foil before the hloivpipe immediately combmes with the melsl, forming a silver- 
white fusible compound. The same compound is likewise obtained by melting spongy 
platinum with boron under a layer of borax (Deville and Wohler). Boride of 
platinum is easily pulverised , it is but elowly attacked by nitromiiriatio acid. Its 
composition appears to be PtB (H ar ti u s.) 

FEA1?INTTM, BBOMIBB OF. The only bromide of platinum known is the 
ietrahromule, PtBr*, which is a bro-wn, deliquescent compound, obtained by dissolvuig 
platinum in a mixture of hydrobromio and nitric acids, and evaporating at a gentle 
boat It unites with the more basic metallic bromides, forming double salts caUod 
hromi^latinates, having the composition IVPPtBr* = 2MBr.Pt"Br* and lI"PtBr“ = 
M"Br’.Pt''Brh The potasaium-suH separates horn a mixtoe of the solutions of the 
component bromides, by spontaneous evaporation, lu regular octahedroiib and eubo-oeta- 
hedrons of a red colour, it is sparingly soluble in water, insoluble m alcohol. — The 
sodium-salt prepared in a similar manner, crystallises m dark-red prisms, permanent 
111 the am, easily soluhle in water and in alcohol. — The barium-, ocdoium.-, magnesium-, 
manganese-, and eine-saUs also crystalhse m dark-red prisms. (Bonsdorff, Pogg. 
Ann X13 3i4 , xsxiii 61.) 

FBATXKUnc, CARBIBE OF. This compound is obtained by boiling platinie 
chloride with tartaric acid, or by calcining certain organic platinum-salts at a moderate 
heat. It IS blade, insoluble in water, decomposinle by nitromuraatio acid, which 
dissolves the platinum and leaves the carbon. 

PXiAXIN’UM, CHBOBIBES OF. Platinnm forms two chlorides, namely, a 
di- and a tetrachloride. 

BlolUorlcle of Platinum or Platlnous Chloriae. PtCP. {JProtocUondc, ac- 
cording to the older atomic weight of platinum ) — This compound is prepared by 
dissolving platinum in nitromnriatie amd, evaporating to dryness, and cautiously 
heating the residue in an oil-bath to 200°, till it becomes insoluble in water. It is a 
greenish-brown solid body, permanent in the air at ordinary temperatures, but 
blackening on the surface by long exposure to light. It is insoluble in water, nitrw acid, 
and sulphuric acid, but dissolves completely in hydroehhnc acid, as dichloride if pro- 
tected from the am, as tetraolilonde if the air has access to it. The solution of the 
pime diohlonde has a dark brown colour, gives -svith potash a dark brown precipitate 
of platinous hydrate, and with ammonia a green crystuDine precipitate of diammonio- 
platiuous chloride, H'*H'Pt"CP, insoluble in cold water and in alcohol (sea Platinum- 
easeb) PlatinouB ohlonde dissolves in eanstie potash or soda, and alcohol added to 
the solution throws down the whole of the platinum as platinum-black (p. 664). It is 
complet aly ^ olved at a red heat into chlorine and platinum. 

If the hSSligi^ the platinie chloride he discontinued before half the chlorine has 
been driven off, the residue dissolves m water, forming a dark brown solution supposed 
by Magnus to contain platinoso-platinie chloride. On eviipoiMting this solutiou, 
platinous chloride separates as a broivn precipitate more soliihlo in hy&oehlorio acid 
than the original green compound, and regarded by Berzelius as a peculiar modification. 
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ClilQi'oplatinites. — ^Platinous cMoride unites with the more hasio metallic 
chlorides, formini; double salts represented by the formula = 2M01.Pt"CP 

anaM"Pt''CP = ]VrCl'Pt’’a'. 

Ohloroplatmitc of aitmiomiim, (NH'‘)Tt''Cl'‘, is produced by adding sal-ammomao to 
a solution of platinous chloride in hydrochloric acid, and crystallises by evaporation in 
red four-sided prisms 

CUoraplatinite of Barium, Ba''Pt"Gl'* 3H®0, is obtained by saturating a solution of 
platinous chloride in hydrochloric acid with carbonate of barium, and crystallises by 
spontaneous evaporation in dark red four-sided prisms, easily soluble in water, 
sparingly m alcohol of 90 per cent. It appears to give off only 2 at. water at 100°. 
'i'ho solution mixed with ammonia deposits the green salt of Magnus (p. 674). (J. 
Pang, J. pr. Gliem. buucvi 126 ; Jahresb. 1863, p 230.) 

Chloroplaiiniie of Lead, Pb"Pti'Cl*, prepared like the adver-salt {infra) resembles 
the latter in appearance, is insoluble in cold water, and is decomposed by boiling 
water. (Lang.) 

Chlaroplahnite of Potamum, K*Pt"OP, prepared like the ammonium -salt, also forms 
red four-aided prisms, moderately soluble in water, insoluble in alcohol 

OHuroflaiimte of Silver, Ag’Pt''CI'‘, separates on mixing a solution of tho potassium- 
salt with nitrate of silver, as a bght rad precipitate. It is insoluble in water, blackens 
when exposed to bght, and gives up all its phitinum to warm hydrochloric aSid. Am- 
inoma first dissolves out the chloride of silver, and leaves a yellow substance winch 
gradually dissolves in a large quantity of ammonia, forming a colourless solution 
which when left to evaporate, deposits a yellow powder and colourless prisms. 
(Lang) 

The sodium-salt, lTa®]?t"Cl’, is soluble in water and in alcohol, and difficult to orys- 

Staunom cUoioplatimtes — ^Platinous chloride forms with stannous chloride two 
double salts, which ai’e obtained by dissolving stannous chloride in a solution of phiti- 
nouB chloride in hydrochloric acid, and evaporating, tho one or the other being formed 
according to the proportions in which tho ealts are mixed. That whioh oontains the 
smaller proportion of stannous chloride is a crystalline, olivo-green, deliquescent, saline 
mass , that containing the larger proportion of stannous cMoride is red , both are 
slightly soluble in water, and .iro decomposed by dilution with water. (Kane.) 

Ohiorovlatinite of Zmo, 2n"Pt"01'‘, is formed, according to Hunefeld, when mno is 
immersed in an aqueous solution of platinio chloride. It forms small, hard, sinning, 
yellow crystals, sparingly soluble in cold, more soluble in boiling water, and precipitated 

Tetrachloride of Tlatlnum or Platlnlo Chloride, Pt‘’Cl* {’Dicldonde, 
according to the old atomic weight of platinum ) — ^This compound is ohtauied by dis- 
solving platinum m nitromurnitic acid and evaporating the solution over the water-bath. 
It then renuuns as a brown-red mass, which, ffipure, dissolves m water and m alcohol 
With riiddish-yeUow colour; generally however it is red, owing to the preseneo of a 
small quantity of iridium. If more strongly heated, it gives off chlorine and leaves 
fimt platinous chloride and then metallic platinum. 

Tho solution of platinio chloride gives with potash, ammonia, and their salts, a yellow 
orystuUine precipitate of cliloroplatiiiate of potassium or ammonium, sparingly solnhle 
in water, insoluble in alcohol. When, however, dilute aqueous ammonia is added m 
excess (o an aqueous solnbon of platmie chloride too dilute to yield a precipitate of 
the chlurophitmute, a polo yellow powder is precipitated after a whUe, oousiating of 
N^H^Pf'Cl'* (see PiJ-Tunm-BASns) Caustie soda-solution forms no precipitate m the 
cold, but ou warmmg the solution a browmsh-yellow precipitate is formed oonsistuig of 
platinate of sodium. 

Sidphydno acid produces in a solution of platinie chloride, at first only a brown 
colorahou, afterwords a brown precipitate of platinie sulpliide. 

Sulphide of ammonium, produces the same precipitate, but redissolves it whan added 
in excess —Iodide of potassium colours the solution brown-red, and precipitates brown 
platinie iodide. — Stannous cMonde oolorsia iSae solution brown-red — Merouna nitrate 
forms a copious reddish-yellow precipitate — Muraunc cyanide forms no precipitate, 
thereby aflording a distinetiou between platinum and palladium (p. 328). Platinum 
IS not so easily reduced to the metaUie state from its solutions as gold — Zino throws 
dowa metalbe platinum; so hkewise does/omio acid on heating, if the free amd be 
neulrabsed with carbonate of Bodiiim, hut the reduction, is not efifectod Im^ous sul- 
phate or oxalic aoid ^ 

i-Jr\ plataie chloride with yiitne osnde, said to contain 6(PtOP.H“Cl-). 

41SO lOE-0, IB produced, accordmg to Boyo and Bodgers (Phil Mag. Nov. 1840, 
P. 397), by mixing dry phitinic ehlonde wifii a large excess of nitromimalio acid ; the 
bqmd evaporated to a syrup deposits the compoimd as a yellow crystalhne powder. 
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wliiot does not give off mter at 100®, but in contact with water, is resolved, mtli 
efferveaecnce, into its constituents 

Ghloroplatinates, MW^Ol" = ZMClPt'^Cl'' and M'Wa* = M;"CRPt'^Cl<. 
— ^Plstmie chloride unites with other niotallie chlorides, forming a class of weU-de&ned 
double salts, among which the potassium- and amniomum-salts, on account of their 
sparing solubility in water and insolubility in alcohol, are of especial importance m 
analysis, affording the means of separating and estim,tting plaffntun ou the one hand, 
and potassium and ammonium on the other. 

CMoroplatinate of Ammontum or Flatinum-sal-ananomao, (NH'')’Pt‘''01'', is precipi- 
tated as a heavy, lemon-yellow, crystalline powder on mmng a solntion of platimo 
chloride with sal-ammoniac, and ci-yataUisos on cooling 6om a lint aqueous solution in 
regular octahedrons. When igmted it leaves metallic platinum in the spongy state 
It is but sbghtly soluble in cold, more soluble m hot water , very slightly solnhlo in 
cold water eontaming ammonia, abundantly at the boiling heat (Fresenius, Ann Ch. 
Phaim. hr 118). A cold concentrated solution of sal-ammoniac precipitates it almost 
completely ftom its aqueous solution, but a hot solution of that salt dissolves it more 
abundantly than pure water, and the solution deposits u coating of platmum on 
copper and brass when they are boded in it for a few seconds (Bottger). At 15° — 
20“', it dissolves in 28,536 pts alooM, of 07 6 per cent ; m 1,406 pts alcohol of 76 per 
cent, and in 665 pts. alcohol of 66 per cent , but if free hydrochloric acid is present, 
the salt dissolves lu 672 pts alcohol of 76 per cent, at the same temperotuie 
(Preaenius). It dissolves easily, with decomposition, lu a warm, aqueous solution of 
potaistc srdphooyanate (Claus.) 

Oklorojyloiinaie of Barium, Ba"Pt'iCl'’.4H'0, crystallises in orange-yellow prisms 
resembling chromate of lead (Bonsdorff, Pogg Ann ivii 251) — ciemm-ialt, 
Cs'^Pt’^CP, has been aheady described (i 1114). — The ca/ciMOT-sal#, Oa"Pt‘'Cl'' 8H-0, 
crystaUises with difficulty; when laid on hihiilous paper it decomposes, chloride of 
caloium deliquescmg out, and platimo chlondo remaining. — The cadmium-, eohali-, 
compel-, mcufnesmm-, manaanme-, mckel-, and einc-salta are isomorphous, crystaUise in 
rhombohedrous, and are ail included m the general formula M'Pt‘'Cl*.6_H’’0 

Ohio) oplatmatf of Potassium, K^Pf'Cl*, separates ou mixing a solution of platimo 
chloride with chloride of potassium, in yellow crystalline grams having the form of 
the regular octahedron It is not completely reduced by simple ignition, hut when 
Ignited with oxalio acid, or in a stream of hydrogen, it is completely resolved into 
chloride of potassium which may he dissolved out, chlorine which goes off as hydro- 
clilorio acid, and metallic platmum. The salt is spimngly solnblo in water, insoluble or 
nearly so in alcohol. Its solubility in water at various temperatures, together with 
thosolubihties of the corresponding csesinm- and rubidium-salts, as determined by 
Kirchhoff and Bunsen (Pogg. Ann. exm 372), is given under CjEamu (i. 1114) 
It dissolves at 15°— 20° m 12,083 pts alcohd of 97'6 per cent, in 8,776 alcohol of 76 
per cent,, and in 1,663 pts alcohol of 66 per cent , but if a small quantity of ffee hy- 
droehlonc acid is present, it dissolves in 1, 8 35 pts alcohol of 76 per cent. (P r e s a n i u s, 
loo. cii.). It is slightly soluble in adds, dissolves with yellow colour in caustic pofasA, 
but IS insoluble m alialine carbonates. (H. Bose) 

Chloroplatmate of Euhdium, BbW’CP — ^Platimo chloride forms in solutions of 
nihidiuni, especially at the boiling heat, a light yellow, heavy, pulverulent precipitate, 
which appears under the microscope to be composed of transparent, shining, regular 
octahedrons. It is quite insoluble m alcohol, and much less soluble in water than the 
potassium-salt It is decomposed by hydrogen, partially oven hi the cold, and com- 
pletely at a red heat, yielding a mixture of chlondo of rubidium and metallic platinum. 
(Bunsen.) 

OMoroplaimatc of Sodium, Iira;'Pt‘’Cl'’.6H*0, crystolhsea in transparent, light yellow 
prisms easily soluble in water and in alcohol. „ 

A compound of platinic cMoride with plaiinate of calcium, PtClhda’Pt’'0*, is pro- 
duced, according to Dobereiner, by exposing the chloride mixed with milk of lame and 
a large quantity of lime-water to sunshine, as a white precipitate which turns yeUow- 
leh on hoding. 

PlATIETinw:, C-srAKTlDES op. (See CYAmDES, ii 260.) 

FX.ATIn'Uia, BETBCVIOir AWD ESXXMATIOIfl' OP.— 1 Blowpipe 
reactions. — All platinum-oompoiinds are reduced to spongy platinum m the inner 
flame , n yp^ f them give any colours to borax or microcosmio salt. The spongy plati- 
num oanne^e fffled mto a globule before the blowpipe 

2 Reactions in Solution — ^Platinum almost always occurs in solution m the 
form of tetrachloride, the reactions of which have been already detailed. Solution s 
of platinic oxygen-salts, the sulphate and nitrate, for example, exhibit for the 
mo.st part, the same reactions, with potash or amnmaa however, they form a yellow- 
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bro-wiT precipitate, and ■witlieWo?-j& of potassium or ammommi, a slight yellow precipi- 
tate of ohloro-platinato after some time only 

Solutions of platmous salts, e.g the sulphate and nitrate, and the double salts of 
platinoua oMorxdc, ate distingaialied from those of platunc salta by giving no precipi- 
tate with sttl-animtmiac or with potash With carionate of potassium or sodium they form 
a brownish precipitate. Ammonia added to the solution of platinoua chloride in hydro- 
chloric acid throws down a green eryetaUme precipitate (p. 667), carbonate of ammonuim 
forms no precipitate. With sidphydno acid and sulphide of ammonium, platmous solu- 
tions form a black precipitate soluble m excess of the ammonium-sulphide. 

3 Estimation and Sepaiation . — ^For quantitative estimation, platinum is 
usually precipitated from its solutions in the form of chloropUtinate of ammoamm. The 
acid solution of platinum, after sufficient concentration, ie mixed with a very strong solu- 
tion of sal-ammamac, and a sufficient quantity of strong alcohol is added to render the 
precipitation complete. The piecipitate of chloroplatuiate of ammomum is then washed 
with alcohol, to which a small quantity of sal-ammoniac has been added, and then 
heated to redness m a weighed porcelain crncible, whereupion it is decomposed and leaves 
metalbc platinum. Great care must however be taken in the ianitiou to prevent loss, 
as the evolved vapours are very apt to carry away small particles of the salt and of 
the reduced metal. The best mode of avoidmg this source of error is to place the 
precipitate in the crucible enclosed in thefdter, and expose it for some time to a mode- 
rate heat, with the cover on the crucible, till the filter is charred, and then to a some- 
what higher temperature to expel the chlorine and chloride of ammonium. The 
orueiblo is then partially opened and the carbonaceous matter of the filter burnt away 
in the usual manner When these pveoautioas are duly observed, not a particle of pla- 
tinum IS lost. Instead of igniting ^e the precipitate and weighing the pUtiniim, the 
precipitate is sometimes collected on a weighed filter, dried over the water-bath and 
weighed ; but this metliod is less accurate, because the precipitate always contams an 
excess of sal-ammoniac (H. Bose.) 

Chloride of potassium may also be used instead of chloride of ammomum to precipi- 
tate platinum, the concentrated solution of the platinum being previously mixed with 
a sttffloient quantity of strong alcohol to bring the percentage of alcohol in the liquid 
to between 60 and 70 per cent. The precipitated chloro-plutiuate of potassium is then 
washed with alcohol of 60 to 70 per cent and decomposed hy simple ignition in a 
poroelam crncible, if its quantity is small, or in an atmosphere of hydrogen if its 
quantity is larger, the chloride of potassium is washed out by water ; and the platmum 
dried, ignited, and weighed. 

The same methods of precipitation serve also for the separation of platinum from 
most other metals, from all indeed excepting silver, lead, and mercurosum, which foim 
insoluble or sparingly soluble chlorides, and from the other metals of the platinum 
group. 

From mercury (in mercm-ons solutions) and from silver, platinum is easily sepa- 
rated by precipitating the mercury or silver withhydroohlono acid; from lead by pre- 
cipitation with snlphimc acid. To separate platinum from silver, when the two 
metals are combined in an alloy, the best method is to heat the alloy with pure and 
strong sulphune acid, diluted with about half its weight of water, till the sulphurio 
acid beguis to escape in den.se fumes. The silver is thereby converted into sulphate, 
and the platinum remams behind in the metallic state. The sulphate of silver is dis- 
solved by a large quantity of hot water, the platinum washed with hot water, and again 
treated with sulphurio acid, to separate the lost traces of silver. 

IVom indium, platinum is separated by precipitating the two metals together with 
sal-ammoniao, and reducing the chloro-irichate of ammonium to soluble ohloriridite by 
the action of sulphurous acid or other reducing agents (ui. 319, 820), from osmium, 
hy volatilising the latter as osmie tetroxide (p. 244), from, palladium, by precipi- 
tating that metal as cyanide (p. 328). For the method of separating it from rhodium 
aud ruthenium, see those metals , also PitTWiiM-OBB. 

4. Atomic Weight of Platinum Berzelius (Lehrhwh, 5 Aufl. iii. 1213) 

found that 6-981 grms. ohloroplatinate of potassium, 2K01.Pt01', lost by ignition 2-024 
grms, chlonna, and left a mixture of 2'822 grms. platinum and 2-186 grms. ohlonde 
of potassium , hence. 


PZiATlN-tTK, FXiVOBIDE OP. Platimc Mitonde, PtF( is Stained, according 
to Berzelius, by dropping a solution of potassium-fluoride into a neutrd aqueous solu- 
tion of platiiuo chloride, as long as a precipitate of chloroplatinate of potassium con- 
tinues to form, evaporating the filtrate to dryness, dissolving out the platmio 
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fluoride by alcohol, adding water, and again ernporating at a heat below C0°. Tbo 
fluoride then remains as a non-crystallme, yellow, transparent mass, perfectly soluble 
in -water. At a higher temperature, it becomes dark brown, and -when digested in water 
leaves a brown basic salt. It forms double salts with the fluorides of the alloili-metals 
PIiATIKTITBI, lOItXDES OP, Flatinmts iodide, PtF, and Matimo iodide, Ptl‘, 
are black, amoi-plious compounds obtained by precipitating the corresponding chlorides 
■with iodide of potassium Both are soluble in hydriodic acid. 

Platinio iodide unites with the more basic metallic iodides, forming brown or black 
cvystalliaable compounds, = 2MI Pt”!'*, which yield dark red solutions — The 

ammonium-salt crystallises in square tablets , the potasaium-scdt in black, rectangular 
tablets -with four-sided pyramids attached , the sodiumsaLt in lead-grey, striated, deli- 
quescent needles. 

PHATIsririMC, NXPBIllE OP. Pt’N*.— Obtained by beating the compound 
4NTI''.Pt’'H^O“ (Keisot’s base), to 180®. It decomposes suddenly at 190°, with evolu- 
tion of nitrogen. 

PXIATIKITIHC, OXXDES OP. Platinum forms two oxides eorrasponding to the 
chlorides, namely, Pt"0 and Pt'rO* both of which are salifiable bases. According to 
E. Davy, there is also an oxide of mtermediate composition 

PlatiDouB Oxide is obtained as a hydrate, Pt"O.H’0 or Pt"H^®, by digestmg 
platinous chloride in a warm solution of potash and washing tbo precipitate Part of 
the platinous hydrate however remains dissolved in the alkali and may be precipitated 
by neutralising the liquid -with sulphuric acid. The hydrate is a bulky black powder, 
easily decomposed by heat, gmng off first water and afterwards oxygon. According to 
Bei-zeliiis, itmay be converted by a very gentle heat into anhydrous platinous oxide, Pt"0. 
It dissolves slowly in acids, forming unstable salts, the reactions of which have already 
been described (p. 670). By boiling hydrochloric aoidit is resolved into aijueous pla- 
tinio chloride and metallic pAatinnm ‘When recently precipitated it dissolves in 
potash and in soda, forming salts called platiuites, which appear also to be formed 
when metallio platinum is heated -with caustic alkabs (p. 666). 

Platinous oxide forms -with ammonia the two compounds 2NB[’PtO and 
4NH* PtO.H“0, which howoverare not produced by direct combination (See PLATnroii- 

Platlnto Oxide, PyrOb — This oxide is somewhat diflleult to obtain in the pure state. 
— 1 Prom most platinum-salts alkabs throw down basic double salts , but from platinio 
nitrate, potash throws down at first the pore hydrate, which may be separated, and after- 
wards the double salt (Berzelius) — 2. The hydrate may also bo obtained by preeipi- 
tatmg a hot solution of platinio sulphate -with carbonate of calcium, dissolving out the 
excess of that substanco from the precipitate by means of acetic acid, and then washing 
it for a longtime [to remove the gypsum] (Wittstein). — 3. Doberemer mixes platinio 
chloride -with excess of sodic carbonate, evaporates to dryness, heats the mixture 
gently, and dissolves out the chloride and excess of carbonate of sodium with water. 
There then remains a platinate of sodium containing Na®0.3Pt0* 6H“0, from which 
nitrie aeid removes the soda -without dissolving the platinic oxide. 

The hydrate ( 1) when recently precipitated, has a nisly colour, like that of hydrated 
ferric oxide; in drying, it shrinks together into a yellowish-brown mass. AVhen heated, 
it gives off water, and turns black (Berzelius). — (2) is an Umber-brown powder 
which does not decompose at 100°, but at a stronger heat, ie resolved, -with explosion 
and scattering of part of the mass in the form of ablackish fame, into aqueous vapour, 
oxygen gas, .md platinum (Wittstein). When gently heated it is converted into the 
anhydrous oxide, PtO’ which is a black powder. 

A blue platinio oxide is formed, according to Hittorf, when platinum dipping into fused 
nitrate of potassium is made to form the negative pole of a voltaic circuit; it then flows 
continually from the platinum in the form of a blue liquid which afterwards chimaea 
into yellow and green oxide. In nitrate of sodium, the oxidation is weaker and the 
blue colour lighter and finer, the blue oxide thus formed changing its colour only to 
y eUowish-bro-wn . 

Platinio hydrate dissolves in acids. The solutions yield on evaporation uncrystaUi- 
sable platinic salts, the reactions of which have been already described (p 869). 
They may also be obtained by decomposing a solution of platinie chloride with the 
potassium eieltof the required aeid. Ohloroplatmate of potassium is then precipitated, 
and another platnu! salt (sulphate, nitrate, &e.J remains in solution. 

Platime oxide mutes with strong bases, forming salts which may be called plati- 
nates They are obtained by healing the corresponding chloroplatinates with excess 
of the alkali 

Flatmate of hamm is precipitated, according to Berzelius, as a light yellow powder, 
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when a platinic Balt is supersaturated with, baryta ; it is resolved at a red heat into pla- 
tinum and baryta . — PimnaU of ccdoium is obtained, according to Horsehol, by eimosmg 
a mixture of platmio chloride and excess of lime-water to simsbine, but, according to 
Doberoiner, the precipitate thus formed bkewiso contains chlorine (p. 669), — FlahnaU 
of potamnm is prepared by mixing chloroplatmate of potaseiiun with an excess of 
pot^sic hydrate, moistening tlie mass with water, gradually heating it to dull rednoss 
and removing the excess of alkali by washing with water. It has a rust-brown 
colom'; dissolves slowly m hydrochloric acid, not in nitrieor sulphuric acid, is resolved 
by heat into plntinous oxide and potash; and detonates violently with combustible 
bodies (Berzelius ). — Platimte of sodium is obtained by exposing a mixture of 
aqueous platinic eblonde and carbonate of sodium to sunshine, as a reddish-yellow, 
partly crystalline precipitate, Na’O.SPtO'.hH'O, winch when boated to redness, first 
gives off water, then oxygen, and leaves a black residua firom wliioh the soda may ha 
dissolved out by water. It is decomposed hy acids, which dissolve out the soda and 
leave the platinic oxide. (Weiss and Doberoiner, Ann Ch. Pharm xiv. 26 ) 

Eespeuting the compounds of platinic oxide with ammonia, see Pij-tikhm-bases. 

PIiATIWirni, OXYCEN'-SAltTS OT. The oxides of platinum dissolve in 
oxygen-aeids, but the resulting salts have but httle stability Platinous nitrite and 
Bulphito however unite with the sulphites of the more basic metals, forming crystal- 
lisable double salts 

Platinous Nitrites. — A. solution of chloroplatinate of potassium mixed with 
nitrite of potMSinm, gradually deposits potassio-platinons nitrite, KiPt'^NO®)*, 
in colourless, aix-sided prisms, which are permanent in the air, sparingly soluble lu the 
mother-liquor, dissolve in 27 pts. water at 16°, in a smaller quantity of warm water, 
and separate from the solution unaltered. By slow evaporation of a more dilute 
solution, efflorescent rhomhio prisms of a hydrated sail, K“Pt"(N0^)t2H’O ai’e obtamed. 

The correspondmg sodium-salt is veiy soluble in water and can be obtained m 
the crystalline state only by evaporation in voono. A hot saturated solution of the 
potaasium-salt mixed with nitrate of silver, deposits the argento-platiuons salt, 
Ag’Pf'(NO''')*, in famtly yellowish tablets which blacken quickly when exposed to light 
This salt decompoted by eblonde of ammonimn yields the ammonium-salt, 
(Nff)®Pt''(110*)^, which by evaporation in a vacuum is obtamed m pale yellow prisms 
permanent in the air; its solution gives off nitrogen when boiled. Met ouroso- pla- 
tinous nitrite, Hg‘’Pt'(N02y H’O, IS obtained as ^ yellowish-whitc precipitate by 
decomposing the potassium-salt with a dilute slightly acid solution of mercurous 
nitrate. Baryto-platinous nitrate, Ba'Tf'(NOY-3ffOi is obtained by deeom- 
posmg the silver-salt with chloride of harium, and evaporating tho filtrate at a gentle 
heat, in colourless octahedral crystals, slightly soluble in cold water. By decomposing 
the solution of this salt with an exactly equivalent quantity of sulphurio acid, and 
evaporating the filtrate in a vacuum, hydro-platinous nitrate or acid plati- 
nous nitrite, BKPt"(NO®)'*, is obtained as a red sahue mass, conmosod of indistinot 
priamatio crystals. Neutral platinous nitrite is not known. (J. Lang, J. pr Chem, 
Ixxxiii il6 ; E6p Chim. pure, iv. 220 , Jabreisb. 1861, p. 317.) 

Platinous sulphas and its double salts will be desonbed under Sowhitbs. 

PliATlWHWC, PBOSl’HZIkE OT. Platinum combines readily with phosphorus, 
becoming brittle and fusible. Phosphide of platinum is silver-white, hard, has. a 
cryetiillinp fcaoture, and is more fusible than silver. Sohrotter, by heating spongy 
platinum in an atmosphere of phosphorus-vapour, has obtained a phosphide of platinum 
contaimng PtP®, having a density of 8'77. 

FXiATXNUIMC, SEliEUIDE OP. Spongy platinum heated with pulverised 
selenium forms a greyish infusible seleiiide. 

PEATCIKTUBX, SZEZOIBE OP, 'WTien a mixture of platinum and charcoal- 
powder is exposed in a hessian erueible to the heat of a forge-fire, the silica in the cru- 
cible is reduced by the charcoal, and the hborated silicium unites with the platinum, 
forming a brittle compound which has a granular fracture , it dissolves very slowly in 
nitromuriatie acid, because it becomes covered with a layer of silicium which opposes 
tho further action of the acid. (Boussingault, Ann Ch Phys. [2] xvi. 5.) 

Silicium heated in a platinum orumblo causes the metal to fiise on the surface, and 
imparts to it a crystalhno texture. If the heat he raised to whiteness, the platinum 
becomes friable. Silicide of platmum containing 10 per cent siboium, is hard, brittle, 
and fusible at a white heat. - — 

By fusing platinnm with excess of silicium in presence of oryohte, a white compound, 
PtSi“, is formed having a grey, erystaBine fcactnre. (Winekler, Ti-atU de Chimiepar 
Peiousse ct Frkwy, 3“". ed. iii. 1268.) 

PEATlNinW, SXIiXCOFXitrOSXEE OP, The yellow solution of platinifl 
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oxide in hydi’oflnosilicic acid, dries up to a yellowish-trown gum, which when redis- 
solved m water, leaves a hrowii basic salt. (Berzelius.) 

PXAXXSirtria, SVIPHIDES op. Two sulphides of platinum ore known, 
anaiogous m composition to the oxides. 

FlaUnouk Sulphide, rt"S, is obtained by decomposing platinous chloride with 
Bulphydric acid or an alkabne sulphide, or by heating 2 pts. of sulphur with 1 pt. 
of finely divided platinum or 2 pts. of chloroplatinate of ammonium. It is a blukc 
Bubstauoe, permanent in the am, insoluble in water, scnreely attacked by mineral acids 
even with aid of heat. "When it is heated in contact with the air. the sulphur burns 
away and the platmum remains According to Bottger, it acts upon alcohol in contact 
with the air like platinum-hlaek, though much less rapidly. 

IHatimo Sulphide, Pd''S-, is prepared. — 1. By dropping aqueous platinie ohlO' 
nde into the soluhon of an alkaline snlphydrate, or by passing siilpbydric gas through 
a solution of sodie chloroplatinate. (The precipitate formed hy siilpliydrio acid in a 
solution of platinie chloride detonates partially when heated ) — 2 By digesting 1 pt of 
platinio ohlonde for several days with 4 pts, alcohol and 1 pt sulpliide of carbon The 
mixture then eoneretes into a black mass, which when washed with alcohol and boiled 
several times with water, leaves platinie suljihide to he dried in a vacuum 

Platmio sulphide is black. "When heated in a closed vessel, it gives off half its sul- 
phur and is converted into platinous snlplude When it is exposed to moist air, part 
of its sulphur is quickly oxidised to sulphuric acid. Hot nitric acid converts it into 
platinie sulphite. 

Platimo sulphide dissolves in alkaline hydrates, earhonates and sulphides, forming 
salts c.iUed sulphoplatinatos, which are decomposed hy acids. 

VJ.&.’rtKVWt, STTEPHOCVAirATES OF. See Sin.FBocTArrA'TES. 

FEATINITK-BASES, AianiOJfflACAI.. (Rciso t, Compt. rend x. 8r0;xi. 
711 ; xviu. 1100. — Groa, Ann. Ch, Pharm xxvii. 241. — Peyroue, zbtd. li 1 , Iv. 206; 
1 x 1 . 178 — Eaewsky, ibid. Ixiv 309, Izviu. 316. — Garhardt, Compt chim. 1849, 
p 273 ; Ann. Oh. Pharm, Ixxvi 307. — Gm xvi. 296 et scg.)— The chlorides, oxides, 
sulphates &o. of platinum are capable of taking up ammonia, and forming compounds 
which maybe represented as hydoraminos hydrochlorammes 

similarly to the ammoniaeal compounds of mercury (iu. 921). In this manner are 
formed the five series of compounds formulated in the following table, in which E 
denotes a monatomic chlorous radicle : 


1 . Biammonio-platmous compounds . 

2 . Tetrammonio-platinous compounds . 

3. Diammonio-platinio compounds 

4. Tetrammonio-platinio eompounds . 

5 Ootammonio-diplatinic compounds • 


2H»ir ) 
PW J 
4HW 
Pt"R« 

2H‘ir ) 
Pt"E*J 
4H*N ) 
Pf’E*! 
8H»l!r 
pS 59' 


Pt"{B“ 


HO (HO 
PWJE* 


HMl 

Pto! 


fN« 

E‘ 

[O" 


Any number of atoms of the monatomic radicle E maybe replaced hy an equivalent 
quantity of another radicle, mono- or polyatomic, thus giving rise to oxychlorides, 
nitrato-chloridos, oxalonitrates, &e. 

1. Diammonio-platinous Compoutida . — These compounds are formed hy the 
action of heat on those of the following series, half the ammonia of the latter being 
then given oif. They are for the most part insoluble in water, hut dissolve in 
ammonia, reproducing the tetrammonio-platinous compounds . they detonate when 

Chloride, pj«|q 2 ' — Of this compound there are three isomeric modifications: 
a Tellmi, ohtai^sd by„^dding hydrochloric acid, or a soluble ohlonde, to a solution of 
diammonio-platinous nitrate or sulphate, or by boding the green modification, 7 , with 
nitrate or sulphate of ammonium, whereupon it dissolves and forma a solution which, 
on cooling, deposits the yellow salt, — or, hy noutrahsing a solution of platmous 
chloride in hydroehlorie acid with carbonate of ammonium, heating the mixture to 
VoL IV. XX 
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tile boiling point, and adding a quantity of ammonia equal to that already contained 
in the liquid, filtering from adinCT green substance, -which deposits after a while, then 
leaving the solution to cool, and decanting the supernatant liquid as soon as the yellow 
salt is deposited j8. Bed — If, m the last mode of preparation, the carbonate of 
ammonium, instead of being added at once in excess, be added drop by drop to the 
hydrochloric acid solution of pUtinous chloride, the liquid on cooling deposits small 
garnet-coloured crystals having the form of six-sided tables This red modification 
may also be obtained in other ways (Peyrone). 7 Qrecn — This modifioation, 
usually denominated the green salt of Magnus, was the first discovered of the am- 
moniaoal platinum compounds It is obtained by graduaUy adding an acid solution 
ofplatiuous chloride to caustic ammonia, or by passing sulphurous acid gas into a 
boiling solution of plutmio chloride, tiU it is completely converted into platmous ohlorido 
(and therefore no longer gives a precipitate with sal-ammoniac) and neutralising the 
solution with ammoma ; the compound is then deposited in green needles. The same 
modification of the salt may also be obtained by adding an acid solution of platmous 
chloride to a solution of tetrammomo-platinous chloride, N'‘II'-Pt"CP. Hence it 
would appear that the true formula of this green salt is N‘H‘^Pt'‘CP t=Pt"CP,N*H“Pt"CP, 
that of the yellow or red modification heiug simply N'’H“Pt"CR Either modification 
of the salt, when heated to 300”, gives off mtrogen, hydrochloric acid, and sal-ammo- 
nmo, and leaves a residue of platinum. 

Platmous oliloiide forms similar compounds -with ethyUmine and methylamine 
(p 679). 

A red or^taUiiie compound of diammouio-platmoiis ehlondo with chloride of am- 
monium, -VIZ., N'H'‘PtCP ‘2NH'‘C1, IS formed when a solution of leframmonio-platinous 
chloride eoulainiiig a large quantity of sal-ummoniac, is oniporated to the crystallising 
point. Thus, when a solution of platmous chloride m hydrochloric acid is precipitated 
by ammonia, and the green salt of Magnus thereby formed is heated, while still iu the 
liqmd, -with excess of ammonia, to convert it into tetrammonio-platmous chloride, this 
red compound separates at a certain degree of concentration, together with the tetram- 
monio-platmous chloride (Grimm, Ann. Oh Pharm, xcix 96.) 

Qgamde, Cy* — Otitained by adding hydroeyamc acid to a solution of tetram- 

monio-platmous oxide, eyamdo of ammonium being formed at the same time (E e i s e t) • 
K<H«Pt"0 -b 4HCy = N«H«Pt"Cy* + 21TffCy -b H^O, 

Also, by digesting ammonio-phitmous chloride with cyanide of silver. It crystal- 
lises in fine regular needles of a pale yellow eolonr, soluble with tolerable facility in 
water and ammoma A polymerio modification of this compound, N*H‘“Pt^Cy* = 
N<H‘^PtCy’.PtCy®, is formed by passing cyanogen gas into a moderately concen- 
trated solution of tetrammonio-platinoua oxide, the cyanogen then decomposes the 
■water, forming hydrocyanic and cyanic acids, and the hydrocyanic acid acts upon the 
tetrammomo-platinous oxide, forming the compound N'H'*Pt*Cy*, together with 
ammonia and water 

2N‘H“PtO -b 4HCy = N<H'»Pt«Cy* + 4NH= + 2H*0. 

The copipound N^H'“Pt®Cy^ emtallisea out and may be purified by recrystallisation 
from water It is also obtained by mixing a solution of tetrammonio-platmous chloride 
with cyanide of potassium. It forms crystals which, imder the microscope, appear like 
six-sided tables arranged in stellate groups, it dissolves -without decomposition m 
potash, hydrochloric acid, and dilute sulpliiivio acid, but is decomposed by strong sul- 
phuric and by nitrie acid (Buekton, Ghem. Soc Qu I iv. 34 ) 

Iodide, p)."|p • — Yellow powder, obtained by boiling the aqueous solution of the 
the compound ]S'‘H"'Pt"I“. It dissolves in ammoma, and is thereby reconverted uito 
the latter compound. 

Oxide, l!PH‘T’t"0 ■=■ p^.,, | q,/ — Obtained by heathig tetrammonio-platinous hydrate 
to 110°. It is a greyish mass which, when heated to 200° in a close vessel, gives oft 
■water, ammoma, and mtrogen, and leaves metaUic platinum. Probably the compound 
Pt*N-, IS first produced, and is afterwards resolved into mtrog^ and-flatmum 
ShPHTtO = Pt“If* + + 3H’0. 

The oxide, heated to 200° m contact -with the air, becomes moandescent, and bums 
vividly, leaving a residue of platinum 
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Tha stdphate, and the mirate, “fs obtained by boiling 

the iodide mth sulphate and nitrate of ailvor' they are cryataHine and har-e a strong 
acid reaction. The sulphate retains an atom of crystallisation-water, which cannot bo 
removed without decomposing the salt. 


2. Tetrammomo-j^laUnous Compounds. 


Chloride, — This compound 


prepared by boiling platinous chlondo, 


or the green salt of Magnus, with aqueous ammonia fall the whole is dissolved, 
and evaporating the liquid to the erystothsmg point Or, by passing shlphurous 
acid gas into tetraohlorido of platmnm tiU the solution is eomplotoly decolorised, 
preeipitatmg with carbonate pf sodium, dissolving the preeipitate of sodio-platin- 
ous sulphite in hydroohlorie acid, saturating the resulting solution of chloride of 
sodium and plahnona chloride with ammonia, and dissolving the precipitate of di- and 
tetraminonio-platinous chlonde in boihng hydrochloric acid. The filtered liquid on 
cooling deposits the former, while the tetrammoniacal compound remtums in solution 
and may be obtained by evaporation, mixed however with sal-ammoniac. It separates 
in bulky crystals of a faint yellow colour, containing 1 at. water, which is completely 
given off at 110° At 250° it gives off ammonia, and leaves diammonio-platinous 
chloride. The anhydrous compound rapidly absorbs water ftom the air The 
hydrate does not give off ammonia when treated with caustic alkalis in the cold, and is 
but very slowly decomposed by them, even with the aid of heat. 

Ethylamine and metbylamine form similar compounds with platinous chloride, 
(p 679). 

Teirmmomo-platinous oMondetonaa two compounds with tetrachloride of platinum. 
The first, whose formula is 2N<H*“Pt''01“.Pt‘’CI', is obtained as an oUve-green pre- 
cipitate on adding tstraobloride of platinum to a solution of tetrammonio-platinoua 
chloride, the second, N'H'=Pt"CP.Pt'’'Cl'‘, by treatmg the preceding with excess of 
tetrachloride of platinum. 


Tetraiimonio-aupnao-plaiinous chloride, 


produced on adding platimo 


chloride to a concentrated ammomaeol solution of cuprous chloride, as a violet on grey 
precipitate composed of prismatic crystals, insolnhlo m walor and in alcohol, per- 
manent when dry, slowly decomposed by water (Mi lion and Commaille, Oompt. 
rand. Ivii. 822.) 


The bromide and iodide of this series nie obtained by treating tho solution of 
the sulphate with bromide or iodide of banum they MystaUiae m cubes. 

Oxide, pf'/jo" — Ohtamed by decomposing the solution of the sulphate with 
an equivalent quantity of baryta-water, and evaporating the filtrate in vacuo A erys- 
talhne mass is then left, containing the oxide. It is strongly alkahne and caustic, 
lilce potash, absorbs carbonic acid rapidly ftom the air, and precipitates oxide of silver 
from the solution of tho nitrate. It is a strong base, neutralising acids completely, and 
expelling ammonia from its salts It molts at 110°, giving off water and ammonia, 
and leaiung diammonio-platinous oxide Its aqueous solution does not give off ammo- 
nia, even when boiled. 


Carbonates — ^The oxide absorbs carbome anhydnde rapidly from the air, 
forming first, a neutral carbonate, ljr''H'®Tt’'CO'.H*0, and afterwards an acid salt, 
N‘H'Tt''CO“.H”0O» 

The sulphate, tho nitrate, are obtained by decom- 

posuig tbe obloride wuth sulphate or nitrate of silver ; they are neutral, and crystalliso 

Sulphites , — ^Tho salt ;^tsj (g'Qsji obtained by boiling the green salt of Magnus 
in water with an equal quantity of niranonimn-snlphite, as a white powder, insoluble 
in alcohol and in cold water, very slightly soluble in boiling water. By prolonged ebul- 
htion with exoiSs of ei^monium-sulpiiite, asolutionis formed from which alcohol throws 
down oily drops, uniting into a glutinous mass of variable composition , and the alcohol 
used for the precipitation deposits after a while small white flakes of another sulphite, 
W'l^O®)"" Ann. Ch. Pharm. bri 178 ; Gm. vi. 305.) 
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3. JDiammomo-platinio Oompounda. 

Tile cAZoj-iic, is obtained by passing chlorine gas into boiling wateT in 

wMch diammonio-platmons chloride (the yellow modification, p. 674) la snspeuded. 
This oomponnd is insoluble in cold water, and very slightly soluble in bofling water, 
or in water containing hydrochloric acid. It diesolves m ammonia at a boiling heat, 
and tlie solution, on ooohng, deposits a ^Uow precipitate, consisting of tetrammoniacal 
pktmic chloride. The compound K’ffPt’^Cl* dissolves in hodnig potash without 
evolving ammonia. A polymeric compound, 

lil<H‘WCl" = M'W’CPPt'^CP, 

is obtaiued hy pasang ohlorme into water in which Magnns’s green salt is suspended. 
A red cryatallina powder is at first precipitated, consisting of brH'TtCP.PtOP j hut on 
contmuiug the passage of the chlorine, this precipitate redissolves, and the solution 
yields, hy evaporation, the crystalline compound, N*JI''Pt''CP. 


Nitrates . — An oxynxtraie, (NO’)’, is obtained by boiling the chloride, 

N’H’PtCl'', for several hours with a dilute solution of nitrate of silver. It is a 
yellow orystoUme powder, sparingly soluble in cold, more soluble in boiling water. 
The normal nitrate, is obtained by dissolving the oiynitrate m mtrio 

acid • it is yellowish, insoluble in cold water, soluble in hot nitric acid. 

The osnde, N’H’Pf’O’ = is obtained by adding ammonia to a boiling 

solution of diammomo-platinio nitrate , it is then precipitated in the form of a heavy, 
yellowish, crystalline powder, composed of smalt shining rhomboidal prisms ; it is 
nearly insolnhle in boiling water, and resists the action of boiling potash. Heated in 
a dose vessel, it gives off water and ammonia, and leaves motallio platinum It 
dissolves readily in dilute acids, even in acetic acid, and forms a large number of orys- 
tallisable salts, both neutral and acid, having a yeEow colour, and spaiingly soluble in 
water (G-erbaidt, Compt chim 1849, p. 273). Another compound of platinic oxide 
with ammonia, called fulminating platinum,, who^ composition has not been exactly 
ascertained, is produced hy decomposing chloroplatinate of ammonium with aqueous 
potash. It is n straw-coloured powder imch detonates slightly when suddenly heated, 

It strongly whan exposed to a gradually increasing heat 


H’f 

The csiy-oxalaie, p|.n‘|(0’0’)”, is formed by decompopng the mtrate with oi 


The sulphate, w obtained by dissolving the oxide in dilute sulphuric 

acid and evaporating It is a yeUow powder, having an acid taste, and soluble in 
boiling water. 


4. Tetrammonio-platinio Compounds. 


The oxide of this series has not yet been isolated. 

. — Obtained by passmg chlorine gas into a solution of totram- 
monio-platinous chloride , by dissolving diammomo-platinie chloride in ammonia, and 
expelling the excess of ammonia by evaporation , 'or by precipitating a solution of 
tetcammonio-platinic oxynitrate or nitrato-chlonde (p. 677) with hydrochloric acid. 
It 18 white, and dissolves in small quantity in boiling water, from which solution 
it is deposited m the form of transparent, regular octahedrons, having a faint yeEow 
tint, when a solution of this salt is treated with nitrate of silver, one half of the 
chlonueis very easEy pre<apitated,hut to remove even a smaU portion of the remainder 
requires a lon^continued action of the sflver-salt (Grimm) A compound having 
the formula N‘‘H'’PtCl’, coutaimng, therefore, 2 at Cl and 2 at. H less than the pre- 
ceding, IS obtained hy dissolving dbloroplatinate of ammomunvin ammonia, and pre- 
cipitating by alcohol; but it does not crystaUise, merely drying up to a pale yellow 
resinous mass : hence its composition is doubtful 

OhlorohromiAe, H“N‘Pt"'Br’Cl’. — ^Prepared by treating tetrammonio-platinons 
chloride with bromine. 
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Nitrates.— A Hsia nitrate 01 oxffmtrate,^,yj(l>(0’y‘, is produced l)y boiling the 

nitrato-cUonde i iritb ammonia It is a white amcaphous powder sbghiiy soluble in 
cold, more soluble in boiling water. 

H'=f 

py,i(NO“)*.— This salt, discorered by Gros, is obtained by 

treating Magnus's green salt with strong nitric acid. Tha green compound first turns 
brown, and is afterwards converted into a miituro of platinum and a white powder, 
whidi IS dissolved out by boiling water, and erystaUises on cooling in shining, flattened, 
colourless or pale yellow prisms . 

2N“H«PtCP + 2HNO» = N<H«PtCl»(NO")» + Pt + 2HCI. 

This salt dissolves readily in water, especially when heated. The chlorine and pla- 
tinum contained in the solution cannot be detected by the ordinary reagents ; thus 
nitrate of silver and sulphydrio acid yield but very triflmg precipitates even after a long 


Oaalo-nitrate, ^,,|(0“0‘)" —Deposited as a whits crystalline body from the 

solution of ootammonio-diplatinic oxalo-nihate in dilute nitoc aeid. 

Hu( N* 

1‘hosfhato-ohlo'nde, (P0'‘)'”.iH*0.— Obtamad as a eryatallma preeipitata 

( Cl 

on mixing a warm concentrated solution of the nitrato-chloride with trisodie phos- 
phate , from cold dilute solutions the salt crystallises, after a longer time, in radiate 
groups of small, white, strongly lustrous needles. It is nearly insoluble in cold, 
and only slightly soluble in boiling water, (Eaewsky.) 

Hiif N‘ 

Sulphdto-ohloriie, ^ J (SO^)" — Obtained by treatmg tetrammonioplatinio chlo- 
ride or nitrato-chloride with dilute sulphurie acid, or by mixing the solution of the 
nitrato-chlonde with a strong solution or a soluhle sulphate. It crystallises in slender 
needles, sparingly soluble in cold, moderately soluble m boiling water. The sulphuric 
acid in the solution is not precipitated by barium-salts. The snlphato-ohlonde is, 
however, decomposed by hydrochloric or nitric acid, either of which takes the place of 
the aulphuno acid, reproducing the chloride or mtrato-ebloride. (Groa) 

5. Ootammomo-dtplatinio Com^ounda. 

N» 

OxvnitraU or BasioNitrate, Pt" MNOY.— This salt is produced by boiling 
PtJ'’J 0" 

tetrsmmonio-platinoiis nitrate (p 676) with nitric acid It is a colourless, ciystalliue, 
detonating salt, sUghtly soluble in cold water, more soluble m boding water, insoluble 


10 acid. (Gerhardt) 


Bitrat-oxycMonde, Pt" -I This salt, discoverodbyBaewsky, is formed 

Pl"[ 

when Magnus’s green salt is boiled with a large excess of nitric acid. Bed fumes are 
then evolved, and the resulting solution deposits the nitrat-oxyohloride in small bmlliant 
needles which deflagrate when heated, giving off water and sal-ammoniao and leaidng 
jnetallic platinum, 

*3 more 

of platinum. Oerhardt 
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The nitric acid in this salt may bo replaced by an equivalent quantity of carbomo or 

cxal%o acid, yielding the salts Pt‘' j and Pt*' J toth of wMdi are spar- 

Pt‘'[ Qp Pt‘'[ Qp 
ingly soluble and easily ciyslalbsable. 

Khasio oxaXonitrate, Pt'*! A, insoluble in water, is obtained by adding 
PP’ 

oxalate of ammomum to the oxymtrate. (Q-erhardt.) 


Theories of the Constitwtum of the Ammoniacal Plairntm-compownde. 


N“H«Pt"0P 

Blamm'omo- 
platlDous chloride. 


N’(H«Pn.CP. 

Chloride of Fliitoso- 
dinramonium. 

N’[H''(Nff )“Pt‘'] CP. 

Chloride of DlammoplatoEo- 


N'H'WCP 

Tetraramonlo- 
pldtluic chloride. 


Nimupyr) CP 

Chloride of Pldtlno- 


In like manner, diammonio-platinio oxide, ll°H*Pt‘'0®, may be formulated 
as oxide of ceOTlatosamniomuin, N’LH''(Pt'’0)"] 0 ; diammonio-platmio oxymtrate, 
N’H’.Pt” , as nitrate of oxyplatosodiaminmomum, l:l“[H'’(Pt‘’0)“],(N0®)'®; 

ir f(NOs)* 

Eaewsky’s ootammonio-diplatmie-nitratoxycblorido, 0", as nitrate of am- 

l 01’ 

mo-oxyehloro-platmo-tetrammonium, N*[II*(NH‘)XPt'’0)"(Pt'’Cl’)"](110’)*, &o., &c 
Gerhaidt’s Theory, Gerhardt regards tbs ammoniacal platmum-oompounds as 
salts of ammoma-bases formed by the substitution of one or two equivalents of platinum 
for hydrogen in a single or double moleeulaof ammonia, NH*, admitting, however, that 
platinum may enter its compounds with two different equivalent weights, namely as 
plaiinosum = 98 7 = Pt, and as platmicum - 49-35 = pt. This being admitted, 
the ammqnio-platmons compounds may be regarded as salts of platosamine NH^Pt 
and of diplatosamino N’H‘Pt, and the ammomo-platiiuo compounds as salts of 
platinamine NHpt* and of diplatinamine N*II'pt-- thus 


^(N«H“Pt"Cl‘’) 

platiDouB chloride. 

platInouR chloride, 

platlnlc chloride. 


Tetrammonlo-platlnic 


NH^PfcHCl 

Hydrochlorate of 


K^H'PtHCL 

H^rochlorate of 
Blplatofiamlne 

Dthydrochlorate 
of Platinamine. 

Blhydroohloratc of 
BlplatiQamlne. 


Seaqiitclilorhydronitrato 
of Diplatiuamine. 
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These formulte, however, as weU as those haaed on the anunonium-type (p. 678), 
must bo regarded merely as nnmorical expressions, and not by any moans as repre- 
sentations of the rational constitution of the compounds. 

PI.ATII7CriWC-BASES, ORG-AITIC. Methylammo and ethylamine net readfly 
at ordinary temperatures on platinona chloride siispeudod in water, foming compounds 
analogous m composition and properties to Magnus’s green salt (p. 674). The methyl- 
aiiwie-salt, (CH*N)'‘Pt“Cl* = Pt"Cl-‘,(GH“lf)Tt"CP, is a chrome-green powder; the 
eth/lamine-salt, is chamois-coloured, both are insoluble in water. The 

methylamine salt boiled in a sealed flash with excess of methylamme, gradually 
dissolves, leaving only a smiiH quantity of a black detonating substance analogous to 
fulminating platinum (p 678), and the solution evaporated to a syrup, ultimately 
solidifies to a eryataUme mass of the s.ilt (CH“hr)Tt"CP, analogous to tetrnmmomo- 
platmous chloride (p 675). The rf/iytoKwc-sa/f (C^H’N)’ Pt' CP, prepared in like 
manner, crystallises m splendid colourlebs prisms confciming 2 at. water, moderately 
soluble in water, sparingly so m alcohol. This salt treated with sulphate of silver 
yields chloride of silver, and teti ethylmyimomo-^lannous sulphate (C®H’N)''.Pt"(SO*), 
in colourless crystals of considerable size (Wurtz, Ann Oh. Phys [3) xxx. 443 ) 

Chmoline heated to boiling with iilatmous chloride forms a pale yellow powder, 
(C”II'N)’ prop, which 18 nearly insoluble m water, but dissolves ui excess of chmo- 
Ime, forming a solution from wbich acids throw down the yellow hpdt oehlurate, 
Pt"CP 2HG1 this latter, when boiled with chinohue, is reconverted into the 
oiiginal substance (Gr Williams, Jahresh. 1868, p 357) 

Piperidine forms uudor similar circumstances, and with energetic action, a yellow 
compound(C“H.‘'N)'^Pt"Gl’,soluhloinalargoquantity of boiling water. (Sr. Williams.) 

FXiATIIirTrni-Bl.ACK. See PuATiNint (p. 666). 

PXiATII4Tjm-OBE Or Natim Platinum. This ore is usually found in airriferous 
alluvial sand or drift, in thin scales or irregular grains not exceeding the size of a 
small pea, oooabionally however in larger masses or nuggets , oue of these weighing 
800 graramcB was found in the gold mine of Condoto, Peru, and in the mines of 
Demidoff IE the Ural, masses have been found weighing 64, 9, and 9^ kilogrammes. 

Platinum-ore is composed essentially of platinum, indium, osmium, palladium, 
rhodium, ruthenium, iron, copper, and osmide of irnlium, wutU which also are associated 
ohiome-iron, titauiferous iron, smaE scales of alloys of gold and silver, small hyacinths, 
and small quantities of mercury and sand. 

Anali/ses; a From Gu'oblagodat in the Ural; non-magnotio a by Berzelius 
(Pogg Ann, xiii 436, 627, 663); jS by Claus, Batiage sur Gesefuchte der Platin- 
metedlc, Dorpat, 1864, p. 60) — i. From Nischno Tagilsk’ a by Osanu {Eammclshcr^s 
Mim-iakhmie,-p. 11), Very daik grey, magnetic; 7 Dark grey, non-magnotio 
grains (Berzelius) —c From Barbacon, Oregon' larger grains (Berzelius). — 
d. From the same locality (Claus). — e. From Borneo - small grams (after deduction 
of 3 8per cent, osmide of iridium and 0 2 gold (Booking, Ann. Ch Pharm.icvi 243) 
— ■/. From the same. laminie or flat grains (after deduction of 3 97 per cent, gold aud 
8'83 insoluble matter, containing osmide of iridium aud 1 03 per cent, cupric and ferric 
oxides) (Bleokerode, Fogg. Ann. ciii 666). 



» The lois consatn partly of ojmlum. t Quortz. 
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The following table eontaina the roenlts of analysea of platiniun-ore from Tanous 
localities by Deville and Debray. 



Claris's Method a Meohanieal preparation of the ore and solution in nitro- 
mnnatio aoid — Thia pait of the operation is performed by Claus in the same manner 
as by Berzelius 

The ore, after being freed from grains of foreign matter by meohauieal separation, 
and by the magnet, is treated with dilute hydrochloric acid, which dissolves ferric 
oxide and metallic iron It is then heated in a tubulated retort having a cooled 
receiver adapted to it, with concentrated hydrochloric acid, to whieh strong nitric acid 
is added from time to tune, as the action dimuiishes in intenmty. An excess of nitric 
acid must be avoided, because it would decompose the chloride of iridium, and cause 
the separation of oxide of uidiura on evaporation The heat is continued tjl the 
residue in the retort becomes syrupy and solidifies on cooling , the saline mass is 
dissolved in a small ijnantity of hot water, and tlie solution is oaiefully decanted fi’om 
the insoluble residue The distillate, which has a yellowish colour ansing from chloride 
of platinum which has spirted over, is then poui-ed upon tho residue, and distilled 
again, without boiling, whereupon a colourless distUluto of dilute oamia_ acid is obtained 
Should the residue stiU contain any soluble matter, it must be again treated ui the 
same manner with aqua-rogia 

The distillate is neutralised with ammonia or hme ; saturated with aulphydrio aoid 
gas in a bottle nearly flUed with it , and set aside for some days with the bottle closed 
till &6 precipitate settles down , after which the watery hquid is separated from the 
sulphide of osmium by deeautation and filtering. In this manner the iiuantity of 
osmium in the distillate is determined (p. 24i) 

Separation of the other metals . — The mode of separation is founded : first, on the 
insolubibty of chloixiplatinate of ammonium, and tho corresponding salts of iridium, 
osmium and ruthenium, also of cliloromtheiiito of ammonium, in sal-ammotiiao solution ; 
secondly, on the soluhihty of ohlormdite of ammonium (iii 318), and of the cor- 
responding rhoJmin-anlt in sal-ammomae solution ; and thirdly, on tho convertibility 
of chlormdate of ammonium into ehloriridite by tho action of siilphydric acid. 

Tho solution contnimiig the platinum &c., after being separated from tho residue, 
is evaporated to dryness over the water-bath m a poioelain basin, and heated for some 
time 111 a sand-bath to 140° — 160° in order to convert the tetrachloride of indium into 
trichloride. A small quantity of hydrochloric aoid is then added ; the whole is dissolved 
in water, and mixed with a strong solution of sal-aramoniae , and the resulting pre- 
cipitate of chloroplatinate of ammonium is coUoeted on a weighed filter, washed with 
dilnte sal-ammoniac, then with alcohol of 0 80° ; when dried and weighed it gives the 
quantity of platinum This platinum contains merely a small quantity of indium, 
from which it may be fined by solution in mtromuriatir acid containing an excess of 
nitno acid The iridium is then left behind, and maybe calcined ivith the filter, then 
reduced by hydrogen and weighed 

The mother-liquors from winch the chloroplatinate of ammonium has separated, sre 
mixed with the wash-waters, and exposed to the action of a eilrront of chlorine tiU 
they assume the hrown-red colour of tetrachloride of indium, then evaporated to 
dryness over the water-hath ; and the dry mass reduced to fine powder is treated with 
* Gold (If any) cauntod with the Ions, 
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alcohol of 80 per cent, till the washings become qmte colonrless. The filtered liquid 
contains all the iron and copper — ^whiohmay he dotemttued by the ordinary method^ — 
with scarcely any traces of the platmnm-metola. 

The residue insoluble in alcohol contains aH the platinum-metals except osmium ; 
the quantity of ruthenium in it is however too small to be estimated. By wHshing it 
with a dilute solution of sal-ammomac, till the bqmd, whieh is red at first, runs off 
colourless, the rhodium and ^paUadinm are entirely dissolved, while platinum and 
iridium remain behind (ji). The eolution is evaporated to dryness , the diy residne 
is oaloined m a closed platinum crucible, then reduced by hydrogen, and the mixture 
of rhodium and palladium is weighed. The two metals are then treated with nitro- 
muriatic acid, the resulting solution, which contains all the palladium together with 
a little rhodium, is evaporated nearly to dryness, mixed vdth a drop of caustic soda- 
solution. and precipitated with eyamde of mereuiy; and the precipitate, after washing, 
diying, and ignition, is reduced with hydrogen and weight aa palladium. The 
quantity of this metal deduetedfiiom the total weight of the two metale, gives the weight 
of the rhodium. 

The residue (A) containing platinnm and iridium is heated with water to the boiling 
point, and mixed with a quantity of ogneons sulphydne acid, sufficient to convert flio 
tetrachloride of indium into trichloride. The liquid, highly oonoentruted but not 
filtered, is next mixed with a strong solntion of sal-ammoniac, whereby all the platinum 
is precipitated, and the iridium retained in solution. The hquid is filtered; the pre- 
cipitate washed with a strong BoluUou of sal-ummoniae ; the filtrate evaporated to 
dryness i the salt carefully ignited , and the indium weighed after reduction in a 
stream of hydrogen. The platinum-salt is likewise ignited, and the quantity of 
platinum which remains is added to that previously obtained. To prevent loss, it is 
advisable to wrap up the sahno mixture, which contains a large quantity of sal- 
ammoniac, in filter-paper, and ignite it as carefnlly as possible. 

The residue insoluble in nitromnnatio acid is disintegrated, according to 'Wohler’ .s 
method (ui. 314), by mixing it with chloride of sodium, and igniting it three times 
in a stream of moist chlorine. The mass is then digested several tunes with water, 
and the united solutions, which, besides a large qnantity of common salt, contain all 
the platinum-metals (but only a small quantify of palladium) and considerable 
quantities of iron and copper, are strongly concentrated and treated with chlorine to 
^ convert the trichloride of indium into tetrachloride. A strong solution of sal-ammoniac 
' is then added, which after a while throws down the whole of the platmum, mdium, 
ruthenium, and osmium, while rhodium, pall.idium, iron and copper remain in solution. 
The precipitate is washed with water containing eal-ammoniao, then dissolved iu 
boiling water, and the solution is kept for some time at the boiling heat, and mixed with 
a few di'opa of ammonia, which precipitates osmium and rutlionium. To separata 
these metals, the precipitate is fused in a silver crucible with a mixture of 2 nts nitrate 
and 1 pt. hydrate of potassium, and the fused mass is treated with distilled water, 
whereby a solntion of osnuate and rutheniate of potassium is obtained The ruthenium 
IS then precipitated as trioxide by nitnc acid, and separated ftom any osmium that it 
may still contain by distillation with nitric acid; the osmium in the solution is bke- 
wisa separated in the same manner. The residue containing ruthemum and mtrate of 
potassium is treated with hydrochloric acid, and the liquid is concentrated by evapora- 
tion On coohn^ it deposits crystals of nitre, and the mother-hqnor, on further con- 
centration, deposits chlororutheniate of potassium, from which the ruthenium maybe 
separated m the metallic state (see EuTHUNiinit). 

The solution containing the plabnum and mdmm is treated for the separation of 
these metals in the manner above described. Sea elso OsmatoiuM: (p 240). 

DeviUe and Debray’s method. — 1. To determine the sand (quartz, zircon, 
chrome-iron, and titanifermis iron), 2 grammes of tho oro arc fused in a small earthen 
cnieihlc, witii7 to 10 grammes of pure granulated silver and 10 grammes of fused borax; 
and after cooling, the button of silver whieh contains the osmium, pUtinum, and all 
tho other metals, is detached, and digested if necessary, with weak hydrofluoric acid, 
to remove tho last portions of borax, — ^then dried, heated to redness, and weighed. 
The weight of the 'bntton deducted from the sum of the weights of iiie ore and the 
silver employed, gives the quantity of sand in the oro. 

2. To determine tho Osmiridium.— Two grammes of the ora are digested 
at 70° with nitromunatie acid (composed of 2 vola atrong hydrochlono and 1 vol. 
strong nitric acid^tdl tho platmnm &c is complotely dissolved, renewing the nitro- 
muriatic acid till it no longer hocomes coloured after 12 or 16 hours’ action. Tho 
solution is very carefully decanted from the residue (any spangles of osmiridium 
that it may deposit on st-mding being collected on a filter and added to the residue) ; 
and this residue is thoroughly washed by decantation, then dried and weighed. Tho 
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diffei'enee between this weight and tliat of the sand preriously determined gives the 
weight of the osmindinm. 

'The regniina mass free from sand, obtained in the first stage of the process, may also 
be used for the estimation of the osmmdmm, the silver contained in it being dissolved 
out by nitric acid, and the residue, -which contains the osmiridnim, treated in the 
manner just described. 

3 To determine thaplatinnm andiiidinm, the solntion obtained by treating tbe 
ore with nitromuriatio acid is evaporated nearly to dryness at a gentle heat ; the residue 
IS treated with a small quantity of water (in which it should dissolve completely), then 
with a volume of pure alcohol equal to twice that of the water, a large excess of pni'e 
ciyatalbsed chloride of ammonium is added, and the liquid is gently warmed till the 
sal-ammoniac is nearly dissolved, Uien stirred, and left at rest for 24 hours The 
resulting precipitate containing the platinum and indium (but not the whole) is col- 
lected on a filter, washed with alcohol of 76 por cent , then dried and ignited at the lowest 
possible tempoiatnre— strips of paper moistened with oil of turpentine being repeatedly 
thrown into the asicible after the filter has been burned, in order to reduce the oxide 
of indium and expel the last traces of osminni, — and finally heated to whiteness till the 
weight becomes constant The mixture of platinum and mdinm thus obtained is 
weighed and digested at 40° — 60°, with nitromuriatio acid diluted with four or five 
tunes its weight of water, the hqnid being renewed from time to time till it no longer 
becomes coloured; the undissolved portion is pure indium. The liqmd decanted from 
the above-menhoned precipitate (containing platinum and iridiuni) formed by tho 
sal-ammonino, is evapoi-ated till a great part of the sal-ammoniac has crystallised out, 
and filtered when cold ; it then deposits a small additional quantity of platiniferous 
cliloru'idiate of ammonium, which is to be washed with solution of sal-ammouiao, then 
with alcohol, and treated as above. 

4 Tho aleoholiii hqmd freed from platinum and iridium hy preoipitation with sal- 
ammoniac stiU contains paliadinm, mon, copper, gold and rhodium It is freed from 
alcohol hy warming, from sal-aimnoninc by digestion with exerts of nitric acid (which 
resolves this salt into nitrogen and bydrechlono acid), then evaporated nearly to dry- 
ness. The residue is completely dried in a porcelain crucible which can bo covered, 
then moistened with concentrated aqueous sulphide of ammonium, carefully and com- 
pletely dried after addition of 2 or 3 pts. of pure flowers of sulphur, and finally 
heated to bright redness, the porcelam crnciblo being placed within a covered earthen 
omcible, so that lumps of charcoal may be placed between tlie two, and ignited from 
above downwards. The weighed contents of the crucible, consisting of reduced palla- 
dium, sulpliide of iron, Pe’S’, sulphide of copper, Cu’S, and motaUio gold and rhodium, 
are digested for some time at 70° with rather strong nitric acid, which dissolves 
palladium, iron end copper; the solution is evaporated to dryness ; the residue heated 
to dull redness ; and the ignited mass treated with somewhat dilute hydrochloric acid 
which dissolves the iron and copper us feme and cupric chloicdes, leaving palladium 
undissolved On evaporating the solution to diynoss at 100°, and treating tho residue 
with aqueous ammonia, the copper disaolves as oupric chloride, whue the iron 
remains as ferric oxide. The ammoniaoal solution is concentrated, the copper con verted 
into nitrate by_ addiboii of nitne acid and evaporation, then into cupric oxide by 
Igniting the re.si(hie, and weighed in that form Lastly, the portion of the contents of 
the porcelain cviioible, insoluble in nitric acid, eonsistmg of gold and rhodium, is 
digested in weak nitromuriatio acid, which dissolves tho gold and leaves the rhodium. 

It IS hy this method that the analyses of pintinnm-ore, tho results of wluchare given 
at page 880, were made For the commereial assay of plotinmn-ores, Deville and 
Debray give the following method 

The gold 13 extracted by repeatedly treating tho ora with small quantities of mer- 
cury and weighed after distilling off tho mercury from the hquid amalgam This pro- 
cess makes the amount of gold rather too small ; on the other hand, it is obtained 
slightly in excess by treating the ore with weak rntromuriatie acid, evaporating, and 
igniting the residue 

The sand is determined as above desenbed (p. 681). 

To determine tbe platinum, 80 gnns. of the ore are fused with 76 grms of pure lead, 
60 grms. of pure well crystallised galena, and 10 to 16 grms of bor.ix, tbe heat being 
raised to the meltmg point of silver and kept at that temperature till no more grains 
of platinum can be perceived on stirring the fused mass with a pipe-stem, after winch 
the heat is increased and 60 gnus, of htharge are gradually added in proportion os it 
is reduced. The whole is then left to cool, and the reguhna mass, a{ter being cleansed 
from slag, isi weighed. The mass, weighing about 200 grms , contains the platinum- 
metals aSoyad with lead, also the osmide of hudinm mixed up with its lower part, 
while the men and copper have passed into tho slag The lower portion of this regnhis 
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is next sawn off; the upper (amotmtiug to about ^ths of the whole) is weighed together 
with the shaTings , a portion of itj amounting to Jm, is cujpelled with an exactly weighed 
portion of silver (equm. to 6 or 6 times the weight of platinum supposed to he present), 
and if necesBury with an additional quanUly of lead, at the temperature required for a 
gold asbuy. The platinum then remains alloyed with silver, and the weight of the 
latter, diminished by that of the silver added, gives the weight of the platinum, and 
ten times this woiglit is the total amount of platinum m the portion of ore taken for the 
assay This result is however affected with a slight error, arising from the small 
quantity of osmiridium in the lower part of the regulus To avoid this source of inac- 
curacy, the following method may he adopted. 

The lower port (^th) of the rognlua is heated with ten times its weight of nitric acid 
diluted with an equal volume of water, till aU the lead is dissolved, and nothing is left 
hut a line powder consisting of platinum and osmmdium. This residue, after 
hemg carefully washed by deeautaUon, first witb acidulated, thou with pure warm, 
water, is dried and weighed, then treated with nitromnriatio acid, which dissolves out 
the platinum , and the osmiridiuin which remains nndissolved is finally washed, dried, 
and weighed. Its weight, deducted fiiom that of the residue insoluble in nitnc acid, 
gives the weight of the platinum. 

The proportion of platinum found by tbe assay must however ho diminished by 
about i per cent to allow for the palladium, rhodium, and rndinm which exist in the 
ore always to the amount of 4 to 5 per cent., and are not separated by the process just 
dosenbeo. 

Platinum-residnes. — ^JFor the analysis of the matters which remain uadiasolved 
when platinum-ora is digested in mtromuiiatio acid (insoluble residues), and for those 
obtained by precipitation with metaUic mon from tho solution previously freed from 
platinum and palladium (precipitated residues), DevUIe and Debray give the following 
methods, 

a. The znsoluble residues contain aU tlie platinum-metals, but consist chiefly of osmi- 
ridium and sand in veiy variable proportions 60 grms. of the residue are introduced 
into a cruoible together witli 160 to 200 grms lithai’ge and 60 to 100 grms. lead — the 
lead at the bottom, then the mixture of platmnm-reaidue and hthnrgo, and pure 
litharge at the top— and heated to rodness fot luilf-an-liour, stirring from hmo to fcimo 
with an earthenware rod , after which tho crucible is left to cool and tho regulmo mass 
is freed from slag (the litharge may be completely removed by a few bonrs’ treatment 
with hot acetic acid and subsequent brushing). This mass is treated with dilute nitric 
acid at 100° till the leqd is completely dissolved, the solution, which contains lead and 
paUadnun, is freed from lead by a slight excess of sulplinno acid, then evaporated 
nearly to dryness at a temperature not exceeding 120° ; the residue is treated with 
water; and from the resulting solution, tbo palladium is precipitated as cyanide. 
The residue left nndissolved by tho mtno acid is thorongWy washed with boding 
water slightly acidulated with uitnc acid, then dried and weighed (lot the weight be 
colled A), treated with iiitromnriatie acid, which qwckly dissolves tho platinum 
together with a little indium and rhodium, and the weight (5) of the undissolved 
matter is determined : this is o amiridium. The nitromuriatio acid solution contains 
chiefly platinum, the quantity of which is nearly equal to A —B Its weight may 
be more exactly dotermmed, togotber vrith that of tbo iridinm, by precipitating a 
finely divided mixture of the two metals m the manner given at p^e 681, and dis- 
solving out the platinum with weak nitrommiatic aeid The rhodium may also he 
determined by the method already given for the analyeia of platinum-ores 

P. The preoipitaied residues are analysed nearly in the same manner, n smaller 
quantity, however, viz. 10 grms., being taken, and. ftised with 10 to 16 grms. lead and 
30 to 40 grms litharge. The resulting motaUic mass contains — besides lead, which 
must be carefully precipitated as sulphate — ^palladium, to he precipitated os cyanide 
in the manner above described, and rhodium, which may he determined by evapo- 
rating tbe filtered Injuid to dryness, and reducing tbe residue with addition of sulphur 
in the manner described at page 682, No. 4 Prom tbe residue insoluble in nitric acid, 
tbe platinum is dissolved by mtromuriatie ncid, together with small quantities ofi 
iridium and rhodium; to be determined by methods already detailed, and there 
then remains a residue consisting chiefly of indium together with a small quantity 
of osmiridium (which was probably suspended m tho liquids from which tho pre- 
cipitated residues were ohtaiued). The slag, consisting chiefly of litharge, contams the 
iron and copper wjioh were present in the precipitated residues. 

The following are the results of the analysis of several platinum residues made by 
this method. 
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InaoliMe Seszdtces. 



Pallaflitim 0 8 

Platinum 0-8 

Ehodram . . i . . 2‘1 

Bhodium, Iridium and Osmiiidium 21 8 

Common metals . . . .74 2 


Osmiridium , . . . 2 ’2 

PaUadtmn 12 

Platinum . . . , . 0 6 

Indium 23-3 

Rhodium 6 '4 

Common metals . . . 66'4 


100 0 


100 0 


<z. From the Russian mint . smaU irregular masses, 
b. Slack powder with crystalline scales. 


Analysis of Osmiridium accordmg to Devillo and Debray. — ^The sand is first 
determined by the method already given (p. 681) The osmiridium is then disinte- 
grated by fusion -with metaUio znie as described under Isinnrar (in 316), then mixed 
with 6 pts. of barium-peroxide, or 3 pts peroxide and 1 pt nitrate of barium, and 
heated moderately for an hour or two in a silver crnoihle having a elose-fitting cover 
The mass when cold is detached by pressing the sides of the cruoihle, and transferred 
to a capacious porcelain dish, m which it la mixed with hydroehlorio acid and a little 
nitric acid (oaro being taken to avoid loss by spirting) The mixture is heated to 
boding tiU the odour of oemieacid has entirely iaappeared, then evaporated to dry- 
ness slowly and at a moderate heat, the reeidne is digested with warm water and a 
little acid ; and the solution is decanted from a small portion of sihca and osmiridium, 
the weight of the latter being determined and allowed for. From the solution the 
barium is precipitated by a quantity of titrated avdphurio aeid, equivalent to the weight 
of the peroxide and nitrate of barium used (a very slight excess, however, does no harm) ; 
the filtrate is treated with sal-ammoniac to precipitate the iridium, ruthenium and 
platinum , this precipitate is reduced; the platinum is dissolved out of it by dilute 
nitromm'iutic acid , and the residue is fused with nitrate and hydrate of potassium, 
whereby it is resolved into iridium which remams almost unattueked, and ruthenium 
which dissolves The rhodium (together with any iron and copper that may he pre- 
sent) I'emiime in the liquid from which the iridinm &o. has been precipitated by sal- 
ammoniac, and IS reduced therefrom by the method already described (p. G82) The 
osmium IS estimated by loss, a method which DovUle and Debray regarded us more 
trustworthy than the collection of theosmic aoid and the determination of the osmium 
therefrom. 

The composition of several samples of the mineral as dotenoined by Deville and 
Debray, and others, is given under iBinoSMiira (hi. 324). 

PXiATIUnna-BBSIBITES. See page 683. 

PBATXIO'iria-SFOH'OE. Finely divided platinum, obtained by igniting oHoro- 
platmate of ammonium (p. 663). 

PIATOSAMIWB, NH*Pt.— The ammoiua-hase supposed by Gerbardt to eiiat 
in the ammonio-platinoua compounds. See PniTiHnM-BASBS, AjUMomiOAi (p. 678). 

PIiATOSBTK'S'BAinilirB, PKATOSOFTBIDINrE, Hypothetical bases 
analogous to platoBamine. (See Pua-tindm-babes, Ohoanio, p. 679.) 
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VXiATTNXiltXTB. Natiye peroxide of lead, PbO', firom LeadbiUs, Scotland. 
PBEOXTAST. Pari-ugmons spinel (see Spmm,). 

PIiETmociiASE. Syn. with Washbbitb (see Phosphates, p 669). 

PBINIAir. See MispioKBi, (in. 1026). 

P1.00ABI A UCSEHOIBBS. One of the algee from which gelose is obtained 
(ii. 829). 

EXiOnSBCOKKi:. Syn. with PnnsiBo-iiEaiiaTB. 

EXOlHSlBBinr, Syn with Bakeoih (i. 609). 

PXiOSMBIEBITB. A hydrated silicate of calcium, Ca"Si0’.2H’0, formed by the 
action of a hot mineral spring at Plombihres on an old Eoman mortar. It is deposited 
as a gelatinous nodular mass, which on exposure to the air becomes hard, opaque and 
snow-white. (Danbrde, Ann. Mm [6] xiii. 214.) 

PBiraX. See Pncirus. 

PXiTTBIB AGXH. The send prmciple of the root ’Plumbago europaa. It is oh- 
tained by repeatedly boiling the ethereal extract of the root with water, whence it 
is deposited on cooling, and may he purified hy orystaUisation fiom alcohol or 
ether-uloohol. It oryst^ses in deueate needles or prisms often grouped m tufts , has 
a styptic saeoharine taste, with aond biting after-taste ; melts voiy easily, and partly 
volatihses unaltered when heated. It is neutral, nearly insoluble m cold, more soluble 
in boiling water, rary soluble in alcohol and ether. It dissolves with yellow colour in 
strong sulphui'io and m fuming nitnc acid, and is precipitated hy water m yellow 
flooia. Alkaha change the colonr of the solution to a fine cherry-red, acids restore 
the yellow colour. Basic acetate of lead also colours it red, and forma a crimson 
precipitate. (Dulong, 1. Phorm. xiv. 441.) 

PX.U»IBAGO. S66CAaE0N(i 768). 

PXiUMBBTBYXiS. See LnAn-HADioLBS, Ohoanic (iii 661). 

PXVMSIC OCHRB, Kative protoxide of lead (see Lead, iii, 549). 
PliBlVIBOCAIiCXTE. An isomotphous mixture of the carbonates of lead and 
calcium, Pb"COh32Ca"CO*, occurring in rhombohedral forms at Loadhills, and in the 
High Pim Mine, Wanlodihoad, Lanarkshire. 

PXiBnxBOSESXNITB. PlomhgomM, BUigumm, Guimmspath — Alead-mineral 
xesemhUng gum arabic in colour and appearance, found at Hnelgoet in Brittany, 
at Nussiire near Beaujeu, at Eoughten GiU, Cumherland, and at Mine La Motte, 
Missouri According to Berzelius, it is a hydrated aluminate of lead, Pb“0 A1®0* GH^O 
orPb"APOt6H'*0. Damour and Duft6noy, on the other hand, found in it about 8 per 
cent, phosphoric anhydride, and aeoordmg to their analysis it would appear to he a 
mixture or compound of phosphate of lead with hydrate of alumina, Pfa'P’O^Giil^ffO*. 
(Dana, ii. 431.) 

BXiiraiBOSTIB. Syn. with Boulanobeitb (u 661). 

BXiUnsOSITE. Syn. with HETBnoiiOBPHiTB (ill 161). 

BlO'BXTiaATXO TROBOB. See Gases, CoiiaoTioN and PEBasEVATioN of 

(ii. 806) 

PNEtTlMClC ACIB. An add existing, aecordingto Yerdeil(Conipt. rend, xxxiii. 
604), in the parenchyma of the lungs of most animals. It is very soluble in water, 
insoluble in cold alcohol, but soluble in boUing alcohol, whence it crystaUiEes in 
atallate groups of shming needles, which do not give off any water at 100°. It contains 
carbon, hydrogen, nitrogen, oxygen, and sulphur, forms crystaUisable salts, and de- 
composes carbonates (Gerh ui. 924). 

FOXtABISATlOnr, EBBOXRXOAIi. See Elechhiciix (ii. 399, 429) 
POIiABISAXIOir, BIAGIXBTXC. See MAaNETieil (ill. 767, 763). 
POIiABXSA'riOB OB XiIOHT. See LxoHT (m 662). 

FOIEY-OIB. A volatile oil obtained from the herb of Mentha Pulegium at 
flowenug tune, by distillation with water, and bavmg, according to Kane, the composi- 
tion of eamphoT, 0'"H‘“O It is yellowish, has an aromatic odour, a specific gravity of 
0 9271 to 0 939 ; “oils between. 182° and 186°, and leaves a small quantity of solid 
matter when rectified. (Handw. d Chem.vi 616) 

POBXABITE- A variety of native peroxide of manganese occunng at Platten in 
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Bolietnia, aucl, together with pyroluBite, at Sehneeberg and Johanuisherg in Saxony, 
It erystalEaes, like pyrolueite, m trimetnc forms, hut differs from it in the proportions 
of ita axes, and in eleavmg distinctly parallel to the bracliydiagonal only, whereas 
f yrolusite dearea paraUel to all three axes It is also distinguished by greater hardness. 

a h. o. odP ioP. Hardneta. 

Pyrolusite I : 1 066 : 0 776 93° 40' 2'26 

Pohanite 1 : 1-0613 : 0 6317 92° 62' 6-6 to 7 

{Dana, ii. 131 , Handw. vi. 616.) 

FOliIEKTI]. Vdlekers name for one of the oomponnds obtained by heating snlpho- 
eyanate of ammonium (g. D.) above 300°. Volckel regards it as isomeric with melamine 
or eyanuramide (ii. 287) , but, accordmg to Liebig, it is identical with melam (ui. 866) 
(see Gvielm’s HandhooJc, is. 484). 

FOEISRIN-G' FO-WDEB. Very finely divided ferric oxide, used for polishing 
optical glasses, DagnerrAotype plates, &c. 

FOliISHIlorO' SZi AXE, Polirschi^er. — A porous, slaty, fine-earthy rock, mostly 
of yeUowish-whito colour, consisting almost entirely of tie silioeous shoUs of infusoria 
(Ehrenberg) That occurring on the Kritschelberg near Bilin, in Bohsmia, was 
found by Baumann {SaiameUberg's Mineralohemie, p. 136) to contain 87 68 percent, 
rihoa, 2-04 alumina and ferric oxide, 1 09 lime, 0 30 magnesia, and 8-89 water. In 
some places it is found to be converted into a senu-opaline substance. 

FOEEUX. A silicate of aluminium and cmsium, occurring, together with Castor 
(p 381), in the island of Elba. It resembles amdcimo in form, is colourless and 
tr.ineparent ; has a conchoidal fracture with vitreous lustre on the fwotiu-ed surface. 
Hardness ~ 6 6. Specific gravity => 2 900. "When heated it gives off a little water, 
and becomes transparent, and when heated on platinum-irire with n little fluonde of 
ammonium, and then moistened with hydrochloric acid, it exhibits in the spectroscope 
the two blue bnes of etesuimj together with the sodium-lines. Gives by analysis 44-03 
per cent silica, 16-97 alumina, 0 68 feme oxide, 0 68 hme, 34-07 oxide of easium, 
8 88 oxide of sodium, and 240 water = 101 71. (E. Pisani, Bull Sec. Chim. [2] i. 
466.) 

Pollux -was discovered by Breitbanpt, and imperfectly analysed by Plattner (with a 
loss of 7 per cent ), who regarded it as a siUc-ite ofalummuim, potassium, and sodium. 

FOEirAnBEFHIXS. A browniah-yoUow garnet from the Eranklm furnace, 
New Jersey, containing, according to Weber (Saumiisbciff's Mincralcheime, p 693), 
34 83 per cent silica, 1-12 alumina, 28 73 feme oxide, 8 82 manganous oxide, 24 06 
liit|e, and 1 42 magnesia (« 98 97). 

FOE-XARGXXS. Arose-colouted granular variety of anorthitefrom Tunaherg in 
Sweden, containing, according to A Erdmann (Bammelaberg’sMmeralohmte,TS. 693): 

SI05. AW09. FeeO’. MnSO®. C«"0 Mg"0. Na20. K=0. H^O. 

4612 36-64 0-14 0 30 6-88 0-26 0 67 6-93 4 92 = 09-86. 


FOEirBASlTE. A siilpliarscno-antimonite of silver and copper, oocurring in 
short tabular hexagonal prisms, oP . mp . P, having tiie principal .axis = 1-4182. 
Angle P - P in the terminal edges == 129° 32' ; in the basal edges = 117° ; oP - P = 
121° 30'. The terminal planes are triangularly striated parallel to the terminal 
edges Cleavage basal, imperfect It occurs also massive and disseminated Hardness 
= 2 — 3. Specific gr.avity = 6-214 Lustre motnlho Colour mm-hlaok ; thin tabular 
crystals, however, appear cherry-red by transmitted light. Stro.ik iron-black. Opaque. 
I’lncture unovoD. 

Analyses - a from Sehemnitz; i. from Ereiberg (H. Eose, Pogg Ann. xv 673); 
0 . fi"om Cornwall (Jay’s Mzaedlaneotts Ghemtoal Scseardtes, Gottingen, 1853, p. 21); 
d. Durango, Mexico (H Bose). 


S Sb. Aa 

a. 16-83 0 26 6 23 

b. 16-36 8-39 1 17 

a. 16-87 6-46 3 41 

d. 17-04 6-09 3 74 


Ag. Cu. Fe. 

72 43 3 04 0 33 

69 99 4-11 0 29 

72-01 3-36 0-34 

04 29 9-93 0-06 


Zn 
0 69 


99-70 

100-30 

100-45 

100-16 


and d 
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Steplianitc andiron pyrites occur as psendomorphs after polybasite. (Dana, u. 86.) 

POl^TCSREST-SAIiX. An old name for neutral sulphato of po^saium.; also 
for sodio-potassie tiii'trnte. 

FOlj'V'CHRoixiTB. A silicate found m gneiss at Krageroe, Nonray, crystallised 
in six-sided prisma of about 120° mth flat summits ; also massive and reniform. 
Hardness = S — 3 6. lustre ^-easy. Colour blue, green, browm, and red, rarely 
white. According to an analysis by Dahl {Leonh Jahrb. 1846, p. 288), it contains 
62 per cent, sdioa, 37 alumina, 7 magnesia, 3 ferric oxide, together with lime and 
water. Solieerer found leas alumina and 6 per cent, water. 

FOIilTCKROITXl. Syn with SA,FttAMHT. 

ROIiVCBROKE. Syn. with AmoDun (i 60). 

POXiTCBROmiC or POBTCBROMaTIC ACXXt. Syn. with Alobtio Aom 
(i 148). 

POIi'S'CRASIl. See Niobium (p. 67). 

POKVETHiri.smc AI^COHOIiS. Sea Ethymnb, Hydbatbs OP (u. 678). 

ROX.'S'OAX.XC ACIB or POI.YOAI.XIir. Syn with SENEOnt. 

POBYGAnEARlIT. The name applied hy Eeiusch (Buehn. Report, ivii. 289) 
to a orystalhue bitter substance which remains, together with wax and chlorophyll, 
when 4 l 6 alcoholic extract of Polj/gala amara is trsated with ether. 

POI.YOOKU»I PAOOPYRTTM. Buckwheat (i. 685). 

POlYGaYCERro AXCOHOI.S. See Gltcbeii, HtdbATBs OF (u 894). 

POEYHAI.XTE. A crystalline mixture or compound of various sulphates repre-> 
seuted hy the formula M*.SO< 2H“0, occurriiig with rock-salt in various localities 
(laohl, Ausseo, Hallatadt, Berchtesgradon, Graund, Stassfurth, Vic m the dept of the 
Meiu'the, &o ), in rhombic prisms of 116°. The composition varies considerably, as 
shown by the following analyses . a from Ischl (Stromeyer, Uniermakungcn, i. 
144 ) , — b from HaHstadt(v. Hauer, Wien Akad Ber xi. 386) ; — o. fromEbensee (v. 
Hauer) ; — d, from the rock-salt of Stassfurth (Roichardt, Jatasb. 1862, p. 767). 


Ca"SO'. 

a. 44 47 

Mb"SO‘. 

20’0S 

KiSO'. 

2770 

NnCl. 

0 19 0 34 

6-96 = 

98-96 

b 66 41 

11'04 

14 81 

12 16 

6 68 - 

100 

0 61 18 

13 63 

19 12 

0 28 671 

6 05 = 

100 52 

d. 43 44 

20 56 

26 22 

0 68 Mg"Cl» 

7 17 = 

98 27 


POIiYXiACTYXi-COinPOWDS. Seo Lactic Acm and Lacbc Ethebs 
(lu. 461—404) 

POEYI.ITB. A variety of aiigite from Hoboken, New Jersey, containing, accord- 
ing to Thomson {Outlines, i. 496), 4(l'04 silica, 9 42 aluimiia, 34'08 ferrous oxide, 
6 6 manganous oxide, 11'64 lime, and 0 40 water. 

POXiYKERISltl, Bodies are said to be polymene when they have the same 
percentage composition, but different molecular weights; the olefines C»B?“ for ex- 
ample (see IsoMEEisM, 111 418) 

POI<YniXGKriTE. A mineral occuiTmg at Fredrikavorn, Norway, in trimefric 
crystals sometimes an inch long, imbedded in felspar and zircon-syenite Axes 
a-b'o = 1 1’0308 , 0 7252. Angle wP ooP = 9144'; oP ; Poo = 144° 3’. 
Observed combination oofoo oP 2P2 . 4Poo 2Poo . Pco . Cleavage parallel to 
caPa and oP in truces The crystals are usually slender and longitudinally striatei 
Hardness = 6 6. Specific gravity =. 477 — 4 85 Lustre submetSlic. Colour black. 
Streak dark brown. Opaque. Fracture conchoidal It contains, according to 
Berzelius (Kongl. Veteusk Akad. Forbandl 1824, u. 339), 46 30 per cent, titanic 
oxide, 14 14 zirconm, 12 20 ferric oxide, 2 70 maiiganio oxide, 6'00 eerie oxide, 
11 '60 yttna, and 4 20 hme. The difflcnlty of separating the titanic oxide and zirconia 
renders the analysis somewhat uncertain. 

FOEYIMCORRHIsnc. A body is said to ]ia polymorphous when it crystaUiaes in 
two or more forms not derivable one from the other (see DmOBpmsiB^ u. 331). 

POI.YSII.ICIC ACIDS. See Silicatbs 

POXiYSPBEinXIL Brown lead-ore from the Sonnenwirhel mine near Freiberg 
(p 667). 

POIiYTHREBEBSS. Hydrocarbons polymeric with oil of turpentine (seo 
Tebebenb). 



POLYTELITE—PQPPY. 


FOXiVXEXiXTBi See TBTB&HBDBi'ni. 

FOEYXRIOU'ZC ACIDS. See StnepBOE, Oxtqbn-acibs op. 

EOXiYXENB, An old name of native platinum. 

YOMPHOZiYX, An old name for impure zine-oxidp, suMimed in the roasting of 
Bine-ores and in the melting of brass • also colled Nthluni album. 

PONGAniZA. The seeds of Fmi^mtda glabra contain 27 per cent, of a dork' 
jellow fkt oil, having a spetafle gravity of 0-946, a poisonous odour and bitter taste, 
and solidifying at 8°. (Lepine, J Phorm. [3] jd. XO.) 

POOIfAKDZYB. A variety of scoleeite from Poonah in flindostan. 

POPIiAB-amDS. The buds of Pomdus nigra and P pyrmiiiaks contain a 
colouring matter called chryainic acid, aasocintcd with salicin, a volatile od, and a 
resinous auhatance. To extract the chrysinio acid, the alcoholic extract of the buds is 
treiited with basic acetate of lead; the solution, freed from lead by siilphydnc 
acid and filtered, is evaporated to dryness , and the residue is treated with water to 
remove sidiein, tten freed from resm hy redissolvuig it in alcohol, and precipitating a 
second time with basic acetate of lead. The liquid, if left to itself, after being freed from 
lead, deposits, after a whilo, a white powder consisting of chrysmio acid, which may ho 
purified by recrystaUisation from alcohol. 

Chrysinic acid, C“H*0*, cryetaUises in thin fragile lamince, perfectly white if pre- 
served from contact with ammoniacal vapours. It is anhydrous, bears a heat of 200® 
without decomposing, and sublimes in fine needles at a higher temperature. It is 
netirly insoluble in water, soluble in boiling, less soluble in cold alcohol, soluble in 

Chiysinio g.eid dissolves with a fine yellow colour in strong sulphuric acid and in 
alkalis ; baryta and lime also colour it yellow, but do not dissolve it easily. Htrio 
acid first oolouys it yellow, then decomposes it, acetic acid and hydiochlono acid have 
no action upon it. With iron-salts it forms a dirty-green precipitate , with neutral 
load-aeetate, no precipitate; with the basic acetate a slight precipitete, soluble in 
acetic acid. The alcoholic solution of the acid mixed with chloride of lima becomes 
yellow in the cold and red when heated 

Chrynnate of jgotassiwm crystulliaes in slender needles , the atwmmum-salt is - ob- 
tained by evaporation in spherical masses The barimn-sali, C®H'*Ba"0®, is obtained 
hy addmg a boiling alcoliohc solution of chrysinio acid to an excess of baryta-water ; 
and is deposited on cooling as a yellow powder. (J. Piccard, J. pi. Ohem xoui. 369 , 
Bull. Soc. Chim, 1866, u, 144 ) 

POPPY. The black poppy {Papaver atmnifenm, var. which has red 

flowers and black seeds, is cultivated chiefly for the fat oil yielded bv its seeds ; the 
white poppy (? Borniiferum, vat. oiium, sometimes regarded as a distinct species and 
called P. officanede), having white flowers and seeds, for the production of opium. 

The seeds of the white poppy {Pavot blanc, var, a yettxMverit) have been found hy 
Saco (Ann Ch. Phys [3] xxvii 473) to contain (exclusive of 3-03 per cent, hygro- 
soonic moistiwe) 46 1 per cent expressed oil, 9-6' fat oil extracted by ether, together 
with colouring and odoriferons matters, 3-5 volatile substance, 23'3 peotoua aubstonoes, 
12-6 protein-compounds, and 3 9 woody fibre 

The elementary composition of the seed, oil-cake, and oil, of the white poppy filtered 
without aeceas of air, were found to be as follows : 



Seed. 

Oii-cuke. 

On-oak6 after 
oxhauktJon with 

on. 

Carbon .... 

Hydrogen .... 
Nitrogen .... 
Oxygen and loss , 

Ash 

62-23 

9 20 
3-69 
17-97 

7 00 

47 74 
6-76 
6-97 
28-94 
10-69 ! 

42-27 

6- 04 

7- 64 
30-86 
13-20 

76 63 
1163 

11-74 


The ash of tho seed contained 0-82 K‘0, 4-47 WO, 28 08 Ca''0, 4-33 Arg"0, 1-99 SO^ 
4-84 SiO», 17-66 CO', 37 81 P'0». 

Wildenstein (J. pr. Ghem. liv. 200) has oxamined the ash of "Uie seed and herb 
(*. e. stalks, leaves, and clceased roots) of the black poppy, gro-wu on the weathered 
Tauniis sUto near Wiesbaden. Tho dned seed yielded 6-12, the dried herb 7'86 per 
cent ash, containing — 
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K20. CaO MgO. MnS(>a ao». SeO^. Fe'PO' KCl. NaCl. 

Seed 9 10 35 36 9 49 trace 1-92 3 24 30 98 0-81 7’15 1 94 =. 99-99 

Herb 36 37 30-24 6-47 ti-aee 6 09 11-40 128 4-l4 2-50 2 51 = 100-00 

The au'-dried seeds treated witli nitric acid and chlorate of potaasmm gave 0 0828, and 
tile air-di'ied herb, 0 0694 per cent. Bulplinr 

POPE-V-OIXi. Huih d'Killcttc, Slide de Pavot. — A fat di-ymg oil obtained by 
expression fi-oni the seeds of the black poppy (Papaa r somniferum, var. tiigrufii) It 
resembles ohve-oil m aspect and odour, and is quite free fixitu the narcotic properties 
of opium. Specific gravity = 0 9249 at —16°. It solidifies at - 18°, and remains solid 
for a long time after the temperature has risen lo -2° It dissolves in 26 pts of cold 
and 8 pts of boding alcohol, and mixes in all propoitions with ether. Contains, 
according to Lefort, 77-20 per cent, carbon, 11 31 hydrogen, and 11 49 oxygen; see 
also Saoe’s .analysis of the oil from ivliite poppy seeds (p 688), 

Poppy-oil yields substitution-products with clilormc and bromine The eUonnated 
ml has a somewhat deeper yellow colour than the original oil, about the same con- 
sistence as castor oil and a specific gravity of 1 070 at 3° It eontaiiis from 20 3 to 
20 4 per cent chlorine The hrumwaUd ml contaming 36 6 to 36 7 per cent bromine, 
has a sbght yellowish huge, and the same consistence ns the preceding - specific gravity 
= T279 at 2°. 

Poppy-oil is used as an article of diet m the south of Germany and the north of 
Prance It is employed m painting to mix with light colours, for which purpose it is 
first bleached by exposure to the buu in shallow vessels containing salt water (Eor 
fm-thoi details, see Gmdin’i Eandbook, xrvi. 312 ) 

POFUZiHT, C™n“0*, or SensoiilMhcin^ C’“H'’(C’H’0)0’. — This suhstiiuce, dis- 
covered in 1831 byBi-aoonnot (Ann Cb. Phys. [2] xliv 296), and investigated 
chiefly by Pina (Ann Ch. Phys [3]xxxiv 278 ; xhv. 366), exists in the bark, leaves 
and root of the aspen {Pojpului irmula). 

Preparation — i The .iqiu-ousdeooction of flic bark is precipitated with basic acetate 
of lead , the filtrate is freed from lead by sulphuric acid, then concentrated and boiled 
with aiimial charcoal, and the sahem, which likewise exists in the bark, is left to 
orystulhse out The motber-bqnoi- yields with carbonate of potassium, a white precipi- 
tate of populin which must be recrystalhsed from boiling water (Braeoiingt) 
Horberger (Bnchu. Eeport Iv 204), after precipitating with basic acetate of lead, 
removed the lead by passing carbonic acid into the liquid, iiud evupoiuted tUo filtiate 
to a syrup, from which the popiilm crystallised Prom the decoction of the root-bark, 
populin crystallises after concoutraunn (even without precipitation by basic acetate of 
lead) (Van dq Gbejn) — 2 The le.ives of the aspen arc boiled with water , the de- 
coction is precipitated hot with basic acetate of lead , the populin carried down witli 
the precipitate is chssolved out hy boihng water, and tlie filtrate is evaporated to a 
syrup The crystalline mass which separates is pressed between linen, heated to 
boihng with 60 pts water and a httle animal charcoal, and filtered at the boiling heat, 
the populin crystallises on cooling. (Braeoniiot ) 

Properties. — Crystallised populin, C-^H^O* 2H*0, forms white, silky, very light 
needles, which give off part of their water between 86° and 40°, and the rest (8 43 
per cent in all) at a temperature short of 100°. Anhydrous populin melts at 180“ to 
a eoloui'less liquid winch solidifies to a vitreous mass on cooling. Hopuha has a sweet 
taste It turns the plana of polarisation to the left, to an extent proportional to the 
quantity of sahem produced by its decomposition, (infra). (Biot and Pasteur, 
Compt. rend, xxxiv. 607.) 

CrystaUised popnlra dissolves m about 2000 pts. of cold water (Braconnot), in 
1896 pts at 9° (Pina) and in 70 pts boding water (Braconnot) The cold solu- 
tion deposits populin on being saturated with common salt, the solution saturated at 
the boiling heat deposits it on coohng. It dissolves at 14° — 15°, in 100 pts absolute 
alcohol (Biot and Pasteur), in boihng alcohol more abundantly than In hoiliiig 
water, scarcely at all m ethei . 

Pupubn dissolves easily and without decomposition in cold amds, not too concentrated, 
and is precipitated piirtiiiUy by water, completely by alkalis (Braconnot, Koninek) 
According to Koninek, it dissolves also in aqueous atkahs, and is precipitated by acids 
Aqueous popuhu does not precipitate any metallic salt (Braconnot). It erystal- 
hsea unaltered from solution in aqueous metallic salts, but may be made to com- 
bine with onde of kad, forming a white sabstanoe nearly msoluble m water, 
(Koninek) • 

Popuhu dissolves easily in cold concentrated aoetic acid, and is precipitated there- 
from partially by water, completely by alkalis. (Braconnot.) 

Pemnpositions . — 1 Fused popuhn heated to 180° gives off pungent vapours which 
condense in needles , at 220° it turns brown, but is obtained unaltered after solution in 
VoL. IV. Y Y 
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aqueous alcohol (Piria) When subjected to dry distillation, it swells up and yields 
cmpyreumatic oil, from which benzoic acid crystallises on cooling (Braconno t). — 

2. It hums with flame and an empyrenmatic resinous odour (Braconnot) — 

3. Heated with sulphuric acid and acid eh ornate of potassium, it gives off largo quan- 
tities of sallcylous acid (Pina). — 4. By solution in mine amd of specific gravity 1'30 
it is converted into benzo-helicin, which crystallises after standing for some time. 
The solution at the same time is coloured yeUow by nitric peroiade (Pina) . 

+ 0 =. + ffO. 

Wcalc nitric acid acts upon popnbn only at the boiling heat, salicylous acid being 
given off from the acid solution , ordinary nitric acid acts violently, producing yellowish 
eryatals, probably consisting of picric, mtcobenzoic and oxalic acids (Pin a). — 6 With 
strong svXplmno acid popiilm forms a deep red solution whence water throws down a 
red powder (Braeonnot’a rutilin), which, after the sulphuric acid has been removed, 
dissolves in water with red colour, and is reprecipitated by acids (Bracon not). Hot 
oil of vitriol carhomees popuhn. (Koninck.) 

By boiling with dilute acids, populm is resolved into saligenin, benzoic acid and 
glucose. ^ _ (3,gBos + O’H'Oo + CH’^O®, 

Populm. Sallgoiiln Beuzoio Glucose. 


and the saligenin is converted by the further action of the acid into sahretin, 0 gH” 0’ 
n gO'ffO® — 2ffO. OoncentratedpAospAonc uciii forms saliretm even m the cold. 
(Braconnot) 

6 Populm heated to 100° in a sealed tube with alcoholic ammonia, yields sahom, 
henzamide and benzoic ether Gaseous ammonia does not act on populm at 150° 
(Pina). — 7 Heated with potaasmm-hydrate, it yields oxalate of potassium (Braeon- 
not). — 8. Popuhn boded with hydrate of oalonm or harmn yields a benzoate and 
eulicin: 


CSO]J1BO» + H*0 = C’H'’0* + C'*H'=0’. 

Fopulio Benzoic Sallcln. 


100 pts. crystallised popuhn yield 28’9 pts. beuzoio acid, the eidoulated quantity being 
28'64 pts (Pivia) — 9 By prolonged boding with water, putrid easan, and oaihonate 
of calcium, it is decomposed with formation of sahgemn, lactate of calcium and benzoate 
of calcium. (Piria) 

Populm 18 not altered by chlorine or iodine, or by boiling with phosphorus and water 
(Braconnot), or by emulstn (Pina). 

fOB.CSliA.XtT. The finest kmd of earthenware, made of the purest and whitest 
clay or kaolin (see Czxr, i. 1024), and agglutinated by the addition of some compound 
such as powdered felspar, which softens and fuses at the temperatm'o at which the ware 
is fired, whereby the mass is rendered semi-transparent, m the same manner as paper 
that has imbibed melted wax lemanis tranalueent after the latter has become fixed. 
The fracture of porcelain is vitreous and not eaitliy, and the broken surface does not 
adhere to the tongue like that of common earthenware , it also possesses much greater 
solidity and strength, and power of resisting sudden changes of temperature. 
PORCSKAXnr.CXiA.-S-. SeeCnAT(i 1024). 

POBCEXA.IN', BSA.xnHnjB’s. See Gnass (ii. 844) 

PORCSXAin'-SPAB. Syn with ScAPOLITE 
PORPSZIXS. The native alloy of gold and palladium (p. 326.) 

POBPBXBIC A.CID. C>"H^N*0' G'"H\N0*)'-0*? (Erdmann. J. pr. 

Ohem. xxxvu. 403 — Gm xvii 183.) — An acid produced by the action of nitric acid 
on euxanthone (li 610) ; so called from its property of producing a blood-red colour 
with carbonate of ammonium. A solution of euxanthone m cold nitric acid of speeifio 
gravity 1-31, becomes warm on standing, evolves red vapours, and on eoobng deposits 
poi'phyrie acid, which may he purified by solution m carbonate of ammonium and 
precipitation with hydrochloric acid. It is then obtained as a yellow, crystalline 
powder, or in very small reddish-yellow ciystals becoming electric when rubbed 
According to the mean of Erdmann’s analyses, it contains 43 63 per cent, carbon, 
1'46 hjfdrogen, 11 8-2 nitrogen The above formula, proposed by Gerhardt, which repre- 
seuts it as dinitro-euxanthone, requires 46 45 0, 1 61 H, 10 62 N, and 42 42 0. 

Porphync acid is slightly soluble, with red colour, in pure water, insoluble in acidu- 
lated water, very shghfly soluble m cold, more soluble lu boflinr aXoohol. 

When boiled with nitrw acid it yields oxypienc and oxohe^ds. 

The porphyratas explode when heated The acid dissolves in carbonate of am- 
monium formmg a hlood-red neatial anmonmm-salt, C‘"H“(NH^)(]Sr0-‘)*0^ sparingly 
soluble with yoUowibh colour in water. Atl30°itgivesoffwatcrandammonia, leaving 
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a lass solvible and salt, -winah crystallises in pale ml feathery crystals. The solution of 
tins salt forma with chloride of hanura, dilondo of calcium, neutral acetate of lead, and 
nitreto of silrer, red, and for tho most part erystalliiie precipitates which dissolve in a 
large quantity of water. The acid ammonium-salt throws down from uitrota of silver 
pale orange-coloured crystalline scales. From cuprio sulphate the neutral ammoiiium- 
salt precipitates black-red flodcs which become granular on standing or more quickly 
when heated. 

Oxyporpliyrlo aold. This name is given by Erdmann to an acid obtained, 
together with oxypicrio acid, by the action of boiling nitric acid on euxantbone. It 
forms yellow mioroseopio crystals, and differs from porphyrie acid m forming with 
ammontii a salt wliidi is more soluble in carbonate of ammomum than the porphyrate, 
and does nut change colour from dork red to pale rod when heated. The acid gives by 
analysis (mean) ‘12'76 per cent carbon, 1 38 hydrogen, 11 95 nitrogen and 43 91 
oxygen, a composition differing but little from that of porphyrie acid: hence Laurent 
(Oompt. chim. 1849, p. 381) regarded the two as probably identical. 

FOBPHYBXTE. Tho name given by Strong to the melaphyr-porphyry (hi. 857) 
of the soutliern range of the Hartz (For analyses see Jahresbericht, 1858, p 780 ; 
1861, p, 1067). 

FOBFHTROXXH'. A neutral substance stud by Merck to exist in some kinds 
of opium (p 208). The same body is stud by G-. Q-ibb (Pharm. J. Trans [2] i. 454) 
to exist in Sanguinana Qunadnisis (see SANODOTAitU.). 

POBFHYBV. A rook consisting of a more or less compact felspathic base with 
oiyatals of feLspar (often orthoclaae or obgooUso) and other minerals imbedded in it 
It may be green with blotches of pale green or white, or red with white blotches 
or specks, besides other shades of colour , the blotches of a polished surface aio the 
felspar crystals The name is derived from tropcfiipa, piu'ple, on iceouut of the brownish 
or blnish-red colour of certain varieties used by the ancioiits for statuary. The several 
varieties of porphyrjy are mimed according to tho nature of tho crystals which ooenv 
most abundantly m tliem c g felspar-porphyry, qnavtz-porphyry &c 
Eurito-porphyry has a hasp composed of felspar or a fine-grumed mixture of 
felspar and quartz, enclosing crystals of various mineiuls. Augitie porphyry has 
a basaltic buss enclosing crystals of augito. Granitic, syenitic, greenstone, 
trachyte porphyry, &, consist of a graiudo-erystidlme base, intermixed with the 
oonstituonts of granite, syenite, 85c., and larger crystals of felspar 

FOBPOiSE-OIIi. Miiirschu!cinthran — Obtained by heating tho belly-blubber 
of the porpoise {Deiphinui Plucatia) with water. It has a density of 0 937 at 16°, and 
in the fresh state, a piJe yellow colour, an odom' of sardines, mid does not n ddcu 
litmus, but on exposiu’o to air and light, it loses its odour, becomes first diuker, then 
nearly oolourles , and aeqmres an acid re.iotion, from liberation of valeriame uoid It 
consists of olein, margarin [pidmitin], and vnlerm "With 3 pts of boiling alcohol of 
speoifle gravity 0 821, it forms a solution which becomes tm-bid as soon as it is removed 
from the fire • with 1 pt. of alcohol a more stable solution is formed, capable of tabng 
up any further quantity of the oil. (Chovreul, Seckerohes, p. 287 ; Berthelot, Ann. 
Ch.Fhys [3]xfi.253) 

FOKPOKXM'O. An Italian glass resembling lunmatiiione (iii. 3) in appearance, 
but, according to Pettenkofer, different from it m composition. 

FOBTSB. See Beeb (1 639, 633). 

POBTITB. Wbite radiate masses from the gahbro of Tuscany, cleaving parallel 
to the sides of a prism of 120°. Specific gravity = 2 4. Swells up before Uio blow- 
pipe, and fuses to a white enamel. Gelatmises with acids in the cold. Contains, 
according to Beohi (Sill Am. J [2] xiv. 63), 58'12 per cent, sihea, 37 5 alumina, 
4'S7 magnesia, I 76 hme, 0T6 soda, U‘10 potash, 7 92 water, and appears to have been 
formed by the decomposition of a zeolite. 

?OBTIiAJIl> CBMEWT. Acomentso called because ithasthecolourof Portland 
stone. It IS made by mixing the argillaceous sand of the Thames with chalk, (Sea 
TTre’s IkoUonary of Arts, ^0. ni. 471.) 

POBTIiABE STOITE. An oolitic bmestone immediately underlying the Purbeek 
strata , so called from its developement in the island of Portland. 

POBXiroAXiXA-OIXi. Essential oil of orange-peel. (See Cited^ i. 1002.) 

POTAASOGETON'. The composition of the fennel-leaved pond-weed {Potamoqeton 
fectmaius) has been determined by HervA Margon (Jahresb. 1861, p. 736), with the 
following results . 
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Cloez (Cotnpt. rend Ivii. 3S4; Jaliresb. 1863, p. 690)finds tlat the gas evolved from 
Fotaniogeton jterfoliatum under the iiifluencB of sunshine and in water continually 
renewed, consiste wholly of oxygen and nitrogen without any trace of eomhustible gas, 
the composition varying from #6 08 per cent, oxygen in the first to 38 5 per cent, on 
the twentieth day. Tho same plant groiving in ordiuaiy aerated water slightly charged 
with earhonic aeid, hut not renewed, gave out gas also consisting wholly of oxygen and 
nitrogen, and containing 70 10 per cent, oxygen on the first, 87 62 on the third and 
90 87 per cent, on the fifth day. 

POTASH. Thie term is applied sometimes to the hydrate, sometimes to the 
anhydrous oxide of potassium, occasionally also to the crude carbonnto , it is best how- 
ever to restrict it to tho hydrate, either in the solid state or in aqueous solution 

POTASHES. Crude carbonate of potassium, obtiined by Imviatmg the ashes of 
land-plants and boihng down the solution in iron piots 


POTASH-XiimB. A mixture of hydrate of potassium and quicklime, prepared by 
evaporating a mixture of caustic potash-ley and lime in nn iron pot, calcining the 
residue ill a crucible, and rubbing it to fine powder m a warm mortar It acts on 
organic bodies at high teniperatiii'es in the same manner as pure hydrate of potassium, 
but is more eonveniont, because it is less fusible .iiid does not act so .strongly ou ghi.ss 
vessels It is however not so much used as tho analogous mixture of lime and soda 


POTASS or POTASSA. Hydrate of potassium ip 700) 

POTASSIITM. SgmM K Atomic Weight 39 1. — ^This ilement is very widely dif- 
fused in n.itur6. In the mineral kingdom it occurs ae silnate, together with earthy 
silicates, in felspar, mica, &c. , ns sulphate, eomhined with sulphate of aluminium, in 
alum stone, ns ohluride, bromide and iodide in sea-water and salt-deposits; and as 
nitrate in various soda in tropical countries. Potassium-salts enter also into the bodies 
of plants and animnls, being taken up by plants from tbe soil, entering into almost 
every part of the vcgBiable etructuro, and being thence transferred to the animal body, 
where they are found ns essential constituents of many organs and fluids, flesh and 
milk for example 

The vegetable kingdom is the chief source from which potassium-compounds aie 
prepared. The potassium m plants exists in combination, partly with inorganic, partly 
with organic acids, tartaric, oxalic, citric, malic, &e , and when a plant is burnt, 
tho inorganic potassium-salts contained m it, tho sulphate, chloride, &o , remain in tho 
ash as such, whilst the organic salta avo converted into carbonate, and from this the 
other salts of potassium, as well as the hydrate, or caustic potash, may bo prepared. 
Potassium-salts are hkewise obbuued from the aehes of marine plants, from sevwater 
ami brine-springs) from felspar and' other potassic miuetals, and from the washings 
of sheep’s wool (See Potassiuii-saws, Manufactoeb op. 

Preparation of the Meta ! — ^Putaasiuin wiia first isolated by Davy (m 1807), who 
obtained it by the electrolysis of the hydrate. 'When a piece of this substance, slightly 
moistened by exposure to tho air, to give it sufficient conducting power, is placed on a 
platinum-capsule connected with the negative pole of a powerful voltaic battery (Davy 
used from 100 to 200 pairs of Wollaston’s construction, six inches square), and touched 
by a platinum wire proceeding from the positive pole, it liquefies aud is decomposed, 
globules of potassium appearing on tho capsule aud taking fire, unless they are quickly 
removed and immersed in rock-oil 

An easier method of obtaining potassium by electrolyeis is that given byMatthiee- 
sen (Ohem. Soc. Qu J vui. 30). A mixture of 1 at. chloride of potassiiiin and 1 at. 
chloride of calcium (which mixture ie used because it melts at a much lower tempera- 
ture than chloride of potassium alone) is melted in a small porcelain crucible over a 
lamp, and subjected to the notion of a Bunsen’s battery of six elements with carbon 
poles, the hSiit being so regulated that u solid crust forms round the negative carbon 
pole, while the mixture remams fused and allows the free evolution of chlorine at tho 
positive pole. When the decomposition has been continued in this manner for about 
twenty minutes, and the cooled crucible is opened under roek-oil, a large quantity of 
potassium, almost chemically pure, is generally obtained. If the same experiment be 
repeated at a white heat over a charcoal fire with an iron wire asruegutive pole, small 
globules of potassium are seen burning on tho surface ; and these are found to be 
almost pure. (Ulatthiesaen ) 

For preparing potassium in hirge quantities however, it is necessary to resort to other 
methods. Gay-Lnssao and Thtemid, soon after Davy’s discovery of the metal, showed 
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that it might ho obtained in greater nbundaneo by decomposing hydrate of potasaium 
with metaUio iron at a -white heat Iron turnings were heated to whiteness in a 
curred gun -barrel covered with a clay lute, and melted hydr-ito of potassium was 
allowed to pass slo-wly over the ignited iron. Decomposition then ensued, the iron 
tiikiug up the oxygen of the hydrate, while the potassium and hjdi'Ogen were set free, 
the potaaainm passmg over in the state of vapour and being condensed in a cooled 
copper reeeii er 

A still more productive method consists in decomposing carbonate of potassium with 
elmieoal at a high temperature This method, first sugrpsted by Cnraiid.in (Ann. 
Cliim Ixvi. 97 J, was brought into an available form by Bru niier (Bibh Univ. icxii. 
36), and has been still further impioved by Maresca and Dunn4 (Ami Ch. Phys. 
[3] sxxv 1*17) All inbmate mixtiu'o of eharioal and carbonate of potasaium is pre- 
pared by igmting about 6 lbs of crude tartar (acid tartrate of potassium) in a covered 
iron crucible till it ceases to emit vapours. The porous mixture thus obtained is 
rapidly cooled by the application of cold water to the outside of the crucible, and the 
charred mass, broken into lumps about the siac of a biuel-mit, is quickly introduced 
into a wrought-iron bottle (geneiaUy one of the bottles in which mercury is evaporated). 
The bottle is then introduced into a furnace a {fig 735), und placed horizontally on 
supports of fire-brick, f, f A wrought-iron tube d, four inches long, serves to convey 
Fiff. 739 %. 740. 


the vkpours of potassium into a receiver c, formed of two pieces of -wrought iron, a, d 
{fig 740), wluoh are fitted closely to each other so as to form a shallow box only a 
quarter of an inch deep, and are kept together by clamp-scra-U’s Tlio iron plate should 
be Jth of an inch thick, 12 inches long, .ind 6 inches wide. The receiver is open at 
both ends, the socket fitting upon the neck of tho iron bottle The object of giving the 
receiver this flattened form is to ensure the rapid eooliiig of tho potassium, and thus 
to withdraw it from the action of the carbonic oxide, which is disengaged dunog tho 
entire process, mid has a strong tendency to unite with the potasaium, forming a 
dangerously explosive compound * Before connecting thereeniver -with the tube d, tho 
fire IS slowly raised till the iron buttle attains a dull red heat Powdered vitrefted 
borax is then sprinkled upon it, which melts and forms a coating, sen mg to protect the 
iron from oxidation The heat is then to he urged until it is very intense, care being 
taken to raise it as equally us possible throughout or“ry part of the ftiruoce When a 
full reddiah-white heat is attained, vapours of potassium begin to appear aud burn -with 
a bright flame The receiver is then adjusted to the end of the tube, which must not 
project mure than a quarter of an iiieh through the iron plate foiamug the front -wall of 
the furnace , otherwise the tube is liable to be obstructed by the .iccumulatiou of solid, 
potassium, or of the explosive compound above mentioned Should any obstruction 
occur, It must be removed by thrusting in an iron bar, and if this fail, the fire must be 
immediately withdrawn by removing the hors from the furnace, with the exception of 
two which support the iron bottle The receiver is kept cool by the njiplication of a 
wet cloth to its outside When the operation is complete, the receiver with the potas- 
sium is removed and immediately plunged into a vessel of rectified Porsuiu naphtha 
prninded with a cover, and kept cool by immersion in water. When tho apparatus is 
sufficiently cooled, the potassium is detached aud preserved under naphtha. 
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To oMam the maximum produce of potaBBiTim, it ie npoosaary that the mixture of 
potasaic carbonate and charcoal ahould contain 1 at. of the carbonate to 2 at. carbon, 
Buoh a mixture when heated being wholly conicrted into potaebium and carbonic 

K»co« + = k;“ + SCO. 

To ascertain whether this is the case, the burnt tartar must he analyeed, and any de- 
viabou from the required proportions must he rectified by mixing samples of tartar of 
different qimlitiea But even when the right proportions are attained, the quantity 
of crude potassium obtained does not exceed one-fourth of the weight of the charge, 
whereas if the process could be carried on without loss, the yield should be about one- 
half, as 182 pts. of the mixture of carbonate and charcoal contain 78 pts of potassium, 
Kuhn eman n (Jahresb 1864, p 180) recommends tlio addition of chalk to the burnt 
tartar, in such proportion that the mixture may contain 100 pts. potassic carbonate to 
20 pts carbon and IS'6 to 14 pts. calcic carbonate < 

The potassium obtained by this process is not purs, bub always contaminated with 
compounds containing carbon and oxygen. To remove these, it must be distilled a' 
second tune in an iron retort, and tbis precaution is cbsontuil, as if the crude potassium 
IS exposed to the air, and even if it is preserved under naphtha, a black detonating 
compound it quickly formed, which explodes violently on the slightest friction. The 
purified metal amounts to about two-thirds of the quantity operated on A third dis- 
tillation may be necessary if the potassium is required to be perfectly pure. A httle 
impure potassium always remains in the tube attached to the retort ; and to prevent 
the possibility of its forming the detonating compoimd above mentioned, the tube 
should be detached as soon ns it is cold and iinmeised iii water. 

"Propel tm, — ^Potassium is a hluiah-white metal of spceiflo gravity 0'865, being the 
lightest of all tho metals except htbium, and capable of floating easily on water At 
OMt IS brittle and has a crystiibne fracture ; it becomes malleable at a ehghtly higher 
temperatuxB, soft at 16°, pasty at a few degrees higher, and completely fluid at 62 6° 
In the soft state it may be cut with a knife, and two clean surfaces of the metal may 
be welded together liko white-hot iiou. At a red heat it may be distilled, yielding a 
heautifnl green vapour. 'When freshly cut it possesses eonsiderable lustre, but instantly 
tarnishes from oxidation when exposed to the air , indeed it is so greedy of oxygen that 
it can onl^ he preserved in the metallic sute by immersing it in mineral naphtha or 
enclosing it ill a sealed tube. Wlicn a few grammes of the metal are molted in a sealed 
tube filled with coal-gas, then left to cool till a few solid points appear on the surface, 
the remaining liquid portion poured off by suddenly inclining the tube, the solidified 
porlioii remains m shimng octahedral cry'stala hclotiging to the dimetric system, and 
having the angle P • P = 62° in the terminal, and about 76° in the basal edges 
(0. 15 Long, Chem. Boo. Qu J xiii 122 ) 

Potassium when heated in the atr to its point of volatilisation, hursts into flame 
and burns rapidly with a violet light. When thrown upon water, it decomposes the 
water with groat nolenoe, displacing half tlio hydrogen and forming hydrate of 
potassium : 

2mO -t K» = 2KHO + H». 

The escaping hydrogen carries with it a small portion of the volatilised metal, and 
takes fire fiom the heat evolved, burning with a beautilhl rose-red flame, while the 
melted metal floats about on tho water, and finally disappears ivith an explosive burst 
of steam as the globule of melted potash hoeomea cool enough to come into contact , 
■with the water Potassium likewise decomposes nearly all gases containiug oxygen, 
when heated m contact with them , and at high temporahires removes oxygon &im 
almost all bodies containing that element On the other hand it is separated from its 
hydrated oxide when very strongly heated in contact with iron or charcoal, the decom- 
position being doubtless greatly facihtated by the volatility of the potassium. i^Sea 
Chbiucsai, AxriHiTY, i 859 ) 

Potassium absorbs hyd rogen at a heat short of redness, and ia converted into a 
greyish hydride (perhaps HE*), from which however the hydiogen is expeUed at a 
stronger heat.— Potassium unites' directly with chlorine, bromine, iodine, snlphm, sele- 
nium and tellurium, burning vividly when heated in contact ivith them It also com- 

bines mth phosphorus, the combination being attended with evolution of light and 
heat when the two bodies are heated together in nitrogen gas , under mineral naphtha 
it takes place without visible eomhuation —When moderately heated in carbonic oxide 
gas, or when its vapour is allowed to coqdense slowly in an atmospTiere of that gas, it 
absorbs the carbonic oxide, forming the black mass aboie mentioned (p. 603), from 
which the metal cannot he recovered. 

Potassium is a monatomic metal, helonguig to the group which includes tho other 
alkdli-metalB, coesium, rubidium, lithium, and sodium, together with silver. 'With 
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chlorine, hromine, iodine and fluonna, it forms the coinpotuida KOI, KBr, &c. ; with 
chlorine also a Bubcliloride, K'^Cl, with oxygen it forms a protoxide, K“0, the corres- 
ponding hydrate, KHO, a dioxide, KW, and a tetroxide, K’O^; with sulphur, a 
protosulphide, £<"3, a aulphydriite, KHS, and sevoral polysulphides. 

POXASSrowc, Ai;i.OYS OT. Potassium forms aUoyswilh most other metals, 
the combination being generally effected by fusing tho two metals together. Anti- 
motiido, arsaiiida and hisiuuthido of potassium are produced either m this 
manner or by heating tho respective motals mth cream of tartar. These compounds, 
when distilled ivith the alcoholic iodides, yield the arsenide, &c., of tho corresponding 
alcohol-radicles (i 339, 397, 696) Tho arsenide ami antimomdo decompose water, 
with evolution of arsenottod and antimonetted hydrogen. 

All alloy of potassium and sodium containing 76 6 per cent, of the former, is pro- 
duced by heating hydrate of potassium with sodium in a tube containing eaoutchin to 
the boiling point of the liquid. It is fluid at ordinary temporatuves and takes Are in 
contact with water (Gr. Williams, B.6p Chim. pure, in. 177). Wanklyu (loo, ot.) 
obtained an alloy of these metals, also liquid at ordinary temperatures, by heating 
acetate of potassium with sodium. 

The other alloys of potassium, some of which are described under the respective 
metals, are of no particular importance ^Eespeotmg the amalgam of potassium, seo 
Mbeooby (in. 889), 

FOTASSitTM, AlWntES or, il/oMopoiussawjiff, KH’K, IS formed when 
potassium is gently heated in ammonia-gas. It is an ohve-CTeeu substance, exhibiting 
a brown coioiu’ by transmitted light when in very thin sciiles; is a non-conductor of 
electricity, melts at a little above 100°, and when he.ited ui a close vessel, is resolved, 
at a temperature a little below redness, into ammoui.i and Iripotassamide • SKS'K = 
2H*N + K“N At a dull red heat the ammonia is partly resolved into hydrogen and 
nitrogen. When heated to fusion in the air or in oxt/gin gas, it burns rapidly and is 
converted into hydrate of potassium, with evolution of nitrogen. With water it forms 
ammonia and hydrate of potassium 

KH»if + H=0 = + HKO. 

Acids and alcohols act upon it in a similar manner (Gay-Lussac and Thinard, Rc- 
chircksphgi,ioo-ch»uquea,i 337; H Davy, Phil Trans 1809, pp lOandioO). With 
anhydious ukotwl it yields ammonia and ethylate of potassium : 

KH^K -I- C^mHO = BPIT + C^H“K.O. 

Similarly with gJtenol When warmed with an ethereal solution of aeetio anhydride, it 
forms acetamide and acetate of potassium • 

(C»HS0)=0 + KH^ =. 

Zaot'ide dissolved in ether acts slowly on it, ammonia being set free and lactate of 
potassium formed. An ethereal solution of buennut anhydride has no action upon it. 
With compound ethers it yields ammonia and resinous products , with benzoate and 
act fate q/’ tf/iyi! it yields ako the corresponding potassium-ealts ; with oxalate oj' ethyl 
it forms oxalate and oxamate of potassium. Sulpliate of ethyl and oxalate of methyl 
do not act upon it. With clUoride of benzoyl dissolved ui anhydrous ether it forme 
benzaraide and dibenzamide, according to the equation 

SG'HOOCI + 3KH“N « + 3KC1 + H’K. 

When the amide is brought into direct contact with chloride of benzoyl without the 
intervention of ether, a very violent action takesplace, sometimes attended with inflam- 
mation, and a number of secondary products are formed, including hydrochloric acid, 

' benzoic acid and benzoic cyanide. (Baumert and Laudolt, Ann, Ob. Phorm exi. 
1 : Juhresb 1859, p, 1Z5.) 

Triyotaasamide or Ritride of Potaesiuw, K“N, obtained by heating mouo- 
potassamtde without access of air, is a greemsh-hlack iiithsible substance, which, when 
very strongly heated without access of air, is resolved into potassium and nitrogen. On 
exposure to the air, it generally takes fire spontaneoualy, buining with a dark-red 
flame With water it effervesces violently, yielding ammonia and hydrate of potassium ; 
K-'N T- 3H-0 = H-'if + 3 K HO. It unites witli sulphur or phosphorus when 
heated, forming a Ifghly inflammahle mixture, which in contact with water gives off 
aulphydno aoid or phosphoretted hydrogen as well as ammonia. (Gay-Luasao 
aiiaThdnard, Davy.) 

POTASSIUBE, AITTIiaOlfXSS OF. Seo Amtimokx (i. 317). 
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POT ASSITTK, ARSSiarxBE Or. See BoTAsSima, Aii.0YS or (p. G96), 'ITie 
compound EL^As is formed by beating potassium in arseuetted hydrogen It is a cbest- 
nut-browa powder, which is decomposad by water, giving off iirsenetted hydrogen, and 
forming hydrate of potassium , K’As + 3H’0 = H'As + 3K1IO. Alloys contain- 
ing lai'ger proportions of arsenic likewise yieldsolid arsenide of hydrogen (i 371). 

POTASSIUIME, BORIDES OT t Potassium and boron when heated together, 
nnito without inflammation, forming a grey metalhc mass, which conducts electricity, 
and IS decomposed by contact with water, yielding potash and hydride of boron (Davy). 
According to Gay-Lussac and Tbdnard, tho product obtamed as above is only a 
mechameal mixture of boron and potassinm. 

FOTASSItTZtC, BROMIDES OP. KBr — ^Potassium and bromine unite directly, 
with yioleut inflammation and dotonation Tho bromide is also formed by beating 
potassium in hydrobiomic acid gas, and by the action of brumme on fused iodide of 
potassium It may be prepared 1. By neutralising hydrobrnmie acid with potash. — 
2 By decoraposmg bromido of iron with an equivalent quantity of potassic carbonate — 
3, Together with the bromate, by adding bromine to a solution of caustic potash till 
the liquid acquires a slight permanent yellow colour Tho bromate may then he 
decomposed by passing a current of sidphydric acid through tlio solution, the excess of 
the gas expelled by gentle heating, the liqiud filtered from the deposited sulphur, and 
evaporated tiU it yields crystals of the bromide ILowig). — F Klein (Ann. Oh. 
Ph.irm. oxxviii. 237) prepares the salt by decomposing bromido of ealoinm (obtained 
by triturating 1 pt amorphous phosphorus with 12 6 pts bioniine and water, and 
slightly snpersatur.itmg the rpsnfting aqueous hydrobromic acid with milk of lirae) 
with sulphate of potassium (13 pts.), leaving the uiixtura to itself for 12 houi'S, tlien 
evaporaRng the filtrate and wash-water, adding caibonate of potassium as long as tur- 
bidity ensues, and evaporating the filtered liquid to the crystulhsing point. 

Bromide of potassinm crystallises in very brdliant cubes, sometimes elongated into 
pnsms or flattonod to plates It has a specific gravity of 2 690 (Schroder, Jahresb 
18.'i9, p 12), tastes sharp, decrepitates in the fire, and molts without decomposition. 
It dissolves more abundantly m hot than in cold wafst, audis sbghtly soluble in alcohol. 
It lb dooouiposed at a red heat by clilm-me. With aqueous hyjiochloroua and, it yields 
bromate and chloride of potassium, bromine and chlorine being set free. When fused 
with aUoraie of potasuiim, it is converted into bromate According to Hempel 
(Anu Oh. Pbarm evil. 160), it is not decomposed in iieutial solution by pemd>u;anate 
of potassium, even at the boiling beat ; but on addition of sulphuric acid, bromine is set 
free even in the cold, and after boiling for a few minutes the decomposition is complete, 
the liquid no longer containing any bromine 

POTASSIUM, carbide: or? Charcoal which has been heated to redness in 
contact with potassium, effervesces afterunrds m contact witli water . hence the charcoal 
appears to have taken up a portion of the potassium, as the metal, if heated alone, 
Vonld Tolatllise entirely. (Davy) 

POTASSIUM, OARBOKIDB OP. KCO —Potassium unites directly with 
Ciirbomo oxide, as first observed by Liebig (Anu Cb Pbarm. xi. 182). According to 
Brodie (Chem. Soc Qu J xn 209), pine potassium heated to about 80° in carboiiio 
oxide free 6om air, is at first slowly converted into au arborescent group of dnll grey 
crystals , but if tho passage of the gas be furtlinr eontuiuod, a more rapid absorption 
takes place, even at a lower temperature, and tho grey crystals are converted into a d.irk 
red compound K-'C“0“ The grey substance, which cannot he obtained pure, appears 
to consist of K’CO. The dark red compound may be rn'eserved under mineral naphtha, 
but IS decomposed with extreme violeiice by water, and even m tbo dry st.ite, sometimes 
explodes fiiom causes which have not boon made out. On earefuUy adduig it to anhy- 
drous alcohol, great heat is evolved, part of the substance, containing jths of the entire 
quantity of potassium, dissolves, without evolution of gas, and the rest separates as 
rhodizouate of potassium, probably thus 

6K»C'0» = 2K“0 -t K«C«0» 

Potassium. Potassium. 

Hence the carboxido may be regarded as a compound of protoxide and rhodizonate, or 
as a basic rhodizonate of potassium (see Rhootzonw Aoid) 

The black explosive substance formed m the preparation of potassium, by heating 
carbonate of potassium with charcoal, appears to consist of onq,or both of tie com- 
pounds just described According to Kuhnomann (Jahresb 1864:, p 180), when 
potassium is intensely heated in carbonie oxide ^as, there are formed . first, a grey 
mixture of oxide of pota«sium and free earhoii, which separates as the apparatus cools 
from a white to a red heat , and secondly a black red body, whichAeparates at a tern- 
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peratnra telow duE rednaas, both compounds being formed \ritliout access of water or 
moist air. Wlien tho vapours which escape from the receiver in the preparation of 
potassium are passed, first into a bottle partly filled with naphtha, and tlienee into an 
empty bottle, the grey substance collects chiefly in the first bottle, the red in the 
second, part of it however escaping nncondeused, and imparting a rad colour to water 
into which it 18 passed The red substance dissolves in water without evolution of 
gas, forming a solution which exhibits all the reactions of rliodisonate of potassium 
The explosion of the grey aubsUmce is attributed by Kuhnemann either to the 
heating of tho mass by absorption of water, or to tho formation of peroxide of potassium 
(from the protoxide present) and its action on the See oarhon. 

FOTASSIum, CHX,OKZ»B OB. KCl Digestive Salt. Sal digestimm. 
SglvN. Sal fehnfvgum, Potassinin takes fire in chlormo gas at oidinary 

temperatures, burning with a red flame and prodiieing clilorido of potaesinm. This 
salt is also formed by passm" clilorine over red-hot hydrate or lodid” of potassium ; by 
gently heating potassium m hydroehlorio acid gas ; by dissolving hydrate or carbonate 
of potassium in aqueous hydroehlorio acid ; and by the action of potassium ou fused 
chloride of magnesium and other metallie chlorides It occurs native, sometimes pure 
but more abundantly mixed or combined with other chlorides. Pure chloride of 
potassium, or sglvine, is found in cubic crystals about the fumaroles of Vesuvius, also in 
thm layers in the salt-beds of Stassfurth iie.ir Magdeburg In the same locality there 
occurs above the rock-salt, a deposit of chloride of pohissium and magnesium, or oar- 
nalliie, ECI.Mg"Cl- 6H®0, forming a layer between 60 and 70 feet thick, interspersed 
with layers of rock-salt and kieserite, Mg"S0‘H-’0. Tins deposit is worked for the 
extraction of tho potassium-chloride. On dissolving the caraalhte in warm water, 
and leavmg the solution to cool, the greater part of the chloride of potassium separates 
out, while the whole of the chloride of magnesium remains in solution. Tho method 
of recovering the remainder of tlie potassium-chloride from the mother liquor, will be 
described heieafter (p 718) Chloride of potassium ooeurs also with the chlorides of 
sodium, magnesium, calcium, and other salts, in sea-water and brine-springs, and is 
obtained as a bye-produot in the preparation of chlorate of potassium, the purification 
of saltpetre, and in sever.il other manufactmaug operations (see PoTASSioit-SAiTS, 
MairrrACTnHE oi’, p 716) 

Chloride of potassium crystallises in cubes often pnsmutically elongated; rarely 
(from solution oontiiimiig free potash) m octahedrons. Specific gravity = 1 836 
(Kirwan), 1 9133 (Karsten), 1 915 (Kopp), 1-998 (Schroder), 1986 (ScUiff). 
It tastes like common salt ; is not acted on by the air, decrepitates when heated; melts 
at a low red heat , voUtilises unch.inged at a higlior temperature It is somewhat 
more volatile than oliloride of sodium , in a covered cracible it m.iy he kept m a state 
of fusion without los.s , but in open vessels it volatilises gradually m tho constantly 
renewed current of air. (H Eose ) 

Chloride of potassium is more soluble in water than common salt, and produces a 
much greater clegreo of cold in dissolving than the hitter, but less than sul-ammomao. 
One part dissolves at 17 6° in 3 008 pirts of water, forming a solution of spooifio 
gi-avity 1 1035 (Karsten) • it dissolves at 11 8“ in 2-89 parts, at 13 8° in 2 87 parts, 
and at 15 6°, in 2 85 parts of water (Kopp) , 100 piu-ts of water at 0“ dissolve 29 23 
£arts of chloride of pulussiiim, and for every degree above, 0 2738 parts (Gay- 

Solutions containing various percentages of chloride of potassium have the foUowing 
specific gravities • According to Schiif (Ann Ch. Phai-m cvii. 293 ; Jahresb. 1869 
p 39)- 

Percentage 2 76 6-50 8 26 11-00 16-60 24-75 

Specific gravity at 16° 1-017 1 0360 1-0529 1-0730 1-1115 1 1729 

According to Gerlaoh (Jahresb 1859, p 43): 

Percentage 5 10 15 20 24 9 

Specific gravity at 16° 1 0326 1-0651 1 1004 1 1361 . 1-1733 

Eespecting the expansion by heat of solutions of potaasinni-ohloride of various 
strengths, see Kreraers (Pogg Aim Gh Pharm 394; Jahresb 1857, p 68), respecting 
the tension of aqueous vapours given ofiF&om its Solutions, see Wullner (Pogg Ann. 
ciii 629 , Jahresb. 1859, p 44) 

Chloride of potassium is but slightly soluble m strong alcohol. According to 
Sehiff (Ann. Gh Pharm cxviii 362, Jahresb 1861, p 87), 100 pts. of spirit of 
various atrongths are capable of dissolving -at 16°, tho following quantities of potassium- 
chloride . 
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Quantity of ahtolute aleoliol) 
inlOOjjts ofapmt ( 

Quantity of KOI m 100 pta ) 
of saturated solution. { 


0 10 20 30 

24-6 19 8 14-7 10 7 


40 50 60 80 

7-7 5 0 2'8 0'46 


lOO pts of TFOofl-spint containing 40 per cent methylic aleoliol are capable of dissoly- 
ing, at the same temporatnre, 9 2 pts of potiissinm-cliloride 

Cldorido of potassium is decomposed by sulplmna, nitric or tartario acid, with 
separation of hydrochloric acid and foi-mation of stdpliate, &c of potassium According 
toBiiumhauor(Jaliresh. 1859, p 128), 1 at chloride of potassium in aqueous solution 
is completely converted into nitrate by 2 at nitric acid. 

Chloride of potassium absorbs the vapour of sulphvno anhydnde, forming a hard 
trausluoent mass consisting of EGl.SO* or (analogous to 'Williamson’s 

cldorhydroanlphnrie acid ^ | which is instantly decomposed by water. With 
chromic anhyAnde it forms a similar compound KOI CrO’, which is also decomposed by 
water, it is obtained in needles when a solution of acid potassium-chromate in hydro- 
chloric acid is allowed to crystallise. 

Chloride of potassium unites with most other metallic chlorides, forming crystiillis- 
able double salts, these are described with tile chlorides of the several metals 
Chiondo of potamum and magnesium occurs, as already observed, in tlie salt deposit of 
Stiissfurth (see also Potassium-salts, ManufactuiU! of, p 717) — Kiemerstie, a min- 
eral occurring in red octahedrons about the fumnrolea of 'Vesuvius, consists of chloride 
of potassium mixed or combined with the chlorides of sodium, ammonium and iron 


Hemzchloi zde or SuhcUoride of Potasstum, K’CI. — Produced by melting 
the ordmnry chloride W’th potassium in a stream of hydrogen It is a dark blue com- 
pound, which IS decomposed by Water, ivith evolution of hydrogen and formation of 
potasaic chloride and hydrate 


K'Cl -t- H^O = KCl + KHO + H 
(H Bose,Pogg. Ann exx 1). Ahlue compound, probably identical with the above, 
is formed when potassium is heated noth chloride of phenyl 


POTASSItriu, CYASTIHEi OF. See Oyakidus (u 268) 


FOrASSIdM, DETSCFXOIS' ASTB StSTISnATIOir OF. 1 Rbaciions 
*?» tAc diyaiay— Potassmm-oompourids impart a violet colour to the outer blow- 
pipe flame. Alcoholic solutions of potassium-salts burn with a vicletfliime. The colour 
IS not perceptible to the naked eye in presence of sodium (or lithium) , but if a thick 
plate of dark blue glass be mterposed ’between the eye and the flame, the yellow sodium 
is eompletoly out off, and the potassium-flame then becomes distinctly visible, ,of 
a rich reddish-violot colour In this manner a veiy small quantity of potassium mny 
be detected in presence of a large amount of sodium. In the spectroscope, potassium- 
salts exhibit a spectrum very much hke the ordinary solar spectrum, but characterised 
by a blight line near the red, and a fainter line neim the violet extremity. 

Pile normal sulphate, carbonate, phosphate, arsenate and borate of potassium are 
not decomposed by heat. The chloride, bromide, iodide and hydiate volatilise without 
decomposition at very high temperatures Most other potassium-salts are decomposed 
by heat 

2 Bcactions in iSefKiiora.— All pota3sium-8.ilfc9 are soluble m water, and most 
of them easily soluble The normal potassium-salts of strong acids, c.g KOI, KNO®, 
K®SO', C-K^O-', &c, are neutral to test-paper, and the eoiTesponding acid salts, e.g, 
KHSO’, CHKO'', &e., have an aoid reaction , but in the ease of the weaker acids, the 
alkaline reaction of the potash predominates in the normal, and even in the acid salts ; 
thus the normal and acid carbonates, K“CO“ uudKCHO®, have an alkaline reaction, so 
likewise hava.aU the borates, exceptmg the pentabonite, which is neutral 

(i 645) 

Solutions of potassium-salts, if not too dilute, form with platinio chloride a yellow 
crystalline precipitate of ehloroplatinata of potiisaium, KTtCl", slightly soluble in 
water, insoluble in alcohol and in acids If very little potassium be present, the solu- 
tion mnst he saturated with hydrochlorie acid, platinie chloride added, the whole 
evaporated to dryness, and the residue treated with alcohol, which leaves the chloropla- 
tmate nndissolved. 

Conceiitaated potaasinm-solutious form with tartario acid (or better, ffith acid 
tartrate of sodium^ a white crystalhne precipitate of acid tartrate of potassium, soluble 
in about 180 pfs of cold water, readily soluble in acids or in alkahne sol ntions, insoluble 
in alcohol In dilute aqueous solutions, the formation of the precipitate is greatly 



POTASSIUM: FLUOEIDE. 


facilitat^'d by addition of alcohol, also by agitating ths solntion or scratching the aides 
of the test-tube ivith a glass rod. ' 

Bydi oflms^heto acid forma in solutions of potassium-salts, a white, gelatinous pre- 
cipitate of potassie silioofliioride. — Perchloric and forms a precipitate of perchlorate, 
iiisuluble in alcohol. When a concentrated solution of alumvmum-sulphate is added 
to a ooiicentrated solution of a potassium-salt, octahedral crystals of alnni are deposited 
on eraporating the solution. 

In mixed solutions, potassium must be looked for in the liquid which remains after 
the removal of all the inotals which are precipitablo by sul^ydne acid, sulphide of 
ammonium, and carbonate of ammonium, and of magnesium by baryta-water. It may 
then he detected by its reactions with platmic chloride and tartano acid, also by eva- 
porating the solution to dryness, and examining the colour and spectnun of the flame 
as above described. 

3 Estimation and Separation — ^Potassium, when it occurs in a compoundnot 
containing any other metal or any fixed acid, may ha estimated directly either as 
sulphate or as chloride. All potassium-salts containing volatile acids are decomposed 
by heating them mth sulphuric acid, the excess of whi3i may afterwards bo expelled 
by a stronger heat, and the quantity of potassmm or potash calculated from the weight 
of the residual neutral sulphate. It is difficult, however, to expel the last traces of fees 
sulphuric acid by mere ignition , but they may be completely driven off by droppmg a 
lump of oarbouata of ammonia into the crucible, and repeating the ignition with the 
cover on , the sulphuno acid then diffuses into the atmosphere of ammonia in the 
crucible, and a perfectly neutral sulphate remuius, containing 41’fi2 per cent, potas- 
sium, or 64'06 per cent of potassie oxide, K -‘0 

In estimating potassium as chloride, the only precaution to he observed, is to ignite 
the chloride m a covered crucible, as, when strongly heated in contact with the air, a 
portion of tt volatilises. The chloride coutams 62 4 per cent, potassium, equivalent to 
68 19 e:“0. 

The separation of potassium from all metals, excepting the other alltali-metals, is 
effected by the reagents above mentioned. Piom sodium and lithium it is separa- 
ted by omnde of platimm, adding alcohol to complete the precipitation of the ebloro- 
platmatfl of potassium. The precipitate is then collected on a weighed filter, washed 
With aloohol and dried at 100° It contains 18 04 per cent potassium, equivalent to 
19 3lK^O. 

Precipitation with chloride of platinum serves also to separate potassium fi'om all 
other metals which do not form insoluble chlorides, and from all non-metalhe elements. 

From osesium and rubidium, potassium may be separated by the greater, solubi- 
lity of Its ohloioplatinate in water fi 1114), or according to Eedtenbacher (Bull. 
Soc Ohim I 860 , 11 , 201), by the difference of solubility of the alums of the three , 
metals, 100 pts. water at 17° dissolving 13'6 pts. of potassium-olnm, but only 2'27 
pts, of rubidium-alum and 0 619 pts of caesium-alum. 

The amount of hydrate or of carbonate of potassium in a solution not containing any 
other alkali, or in commercial potashes, may be estimated by aUcahmetry (i 117, 288), 
and the same method ui.iy be applied to the commercial valuation ot organic potassium- 
salts, tartars for example, after they have been converted into carbonate by ignition. 

Por the estimatiou of potassium in silicate.s, see Sjlioates. 

4, Atomic Weight of Potassium . — The method of determining the atomic 
weight of this element, in connection with those of chlorine and silver, has been 
ah’^y described under OHLOBnrai ( 1 . 908). The experiments of IVIangnao give K = 
39'12, those of Stas give K = 39T4. 

FOTAlSSIXTIVKi FIiiroiSXBES op. KP — Produced by dissolving potassium or 
the byijfate or carbonate in hydrofluoric aeid, evaporating, and heating strongly to 
expel the excess of acid. It is deliqiiescont, very soluble in water, and crystallises from 
an aqueous solution ev.iporated under 40°, in celonrless cubes often lengthened into 
prisms, or exhibiting square, pyivimidally excavated faces. Speeifle gravity = 2 454 
(Bodeker). It melts below a red heat, has a sharp, saline taste and alkaline reac- 
tion, and IS decomposed by strong sulphuric aeid, even at ordinary temperatures. It 
is insoluble in alcohol, and is precipitated thereby from the aqueous solution in long, 
thi'ead-hke, radiating crysMls containing KF 2H*0. (H Eoso, Pogg. Ann. Iv 664.) 

Phiorido of potassium forms definite cryatallisable compounds with many other 
fluorides The fluoric of boron and potassium, KBP*, has been already described 
(1 634). Silico-Jlmnde of potassium will be described under SiMcitrai 

Fluunde of Potassium and Mi/droqen, ICHP- or KF HP, is obtained by leaving a 
solutaou of potassium fluoride containing excess oi hyJrofiiioric .icid to evaporate in a 
platinum-dish, in rectangular four-aided tables with tniiicated biteral edges, or by 
Very slow evapor.ition m a deeper vessel, m cubes (Berzelius). According to 
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Marignac (Phil. Mag. [4] xv. it forms quadratic tables. W. G-ibbs (Bull. 
Soc Ohim 1865, u. 359) recommpuda this salt as a eonvement reagent for decomposing 
refractory silioatas and other mmerals , beryl, eolumbite, chrome-iron, and eassiterite, 
are easily disintegrated and decomposed by fusion with it 

The compounds of potaBSinm-fluoride with the fluorides of other metals are described 
under the several metals. 

POTASSlinvS, KVItKATE OT, KHO or K’O ffO. Potash Oaustic Potash. 
Potaasa. VigHahleAOcidi. J’Jlansenlaiu/eiisalx — ^This compound may be produced by 
dissolving anhydi’ous protoxide of potassium, K*0, or the peroxide, K-=0', in water, the 
excess of oxygen being given off in the latter case Tins indeed appears to be the only 
means of obtaining the hydrate absolutely piu'o But it i.s generally prepared for use by 
decomposing carbonate of potassium in dilute solution with slaked Imio, In au iron ves- 
sel provided with a closely-flUiug eover, 1 pt, of carbonate of potassium is heated with 
12 pts. of water tdl it boils ; and slaked lime — ^prepared by mixing 2 pts of quicklime 
with 9 pts. of warm water, and keeping it in a covered pan till it is reduced to a soft 
powder— IS then added by degrees. After e.icU addition of lime, the mixture is boiled 
for a few minutes in order that the carbonate of oaleiam may become dense, end fall 
readily to the bottom. When all the lime has been added, the whole is boiled for n. 
quarter of an hour, with the cover on, and left for the lime, &o to settle down. The 
caustic solution — which should no longer effervesce when poured into hydrochloric acid, 
or give any, or very little cloudiuess with lime water (if otherwise, longer boiling, and 
perhaps, ato, on addition of miUt of hme, is requisite)— is then drawn off into stoppered 
bottles by a siphon first flUed with water. The residue is once or twice boiled for halt 
an hour with a small quantity of wqter, and the remaining portion of potash separated 
by subsidence and decantation. The rest of the hme is deposited in the stoppeied 
bottles. The decanted solution is first rapidly concentrated in covered ii’oii pots , and 
if it becomes turbid, sot aside in stoppered vessels, and then decanted , and lastly, 
rapidly boiled down in a silver basui, till the oily hydrate which remains begius to 
evaporate as a whole in white clouds 

To ensure the oomplete separation of the catbonia acid from the potash, it is 
necessary to use a considerable quantity of water. When only 4 pts. of water are used 
to 1 pt carbonate of potassium, no decomposition takes place, and a cwioentrated solu- 
tion of caustic potash withdraws tho acid ^.’om carbonate of calcium (Liebig) The 
lime may also bo mixed with the solution of putassic carbonate at ordiiiiiry tempera- 
tures, and the liquid wt aside in stoppoivd i easels, but then the decompoMtion pro- 
ceeds more slowly, and frequent shaking is required, the carbonate of calcium is also 
less dense than when the liquid is boiled, and consequently the decantation is more 
difficult. Moreover embonate of potassium almost always contains silica, which is not 
precipitated at ordinary temperatures, hut completely by sufficient boiling , for it then 
furms an insoluble compound with the exce.sa of lime and the potash Any alumina 
that may he present is separated in the same way. As the .ilkalino solution absorbs 
carbonic ,ieid from the atmosphere very greedily, the air must be kept from it as much 
as possible A portion of carbonic acid is always reabsorbed during evapoiation, unless 
this process is performed in a silver vessel fitted with a head. When the caustic solu- 
tion IS OMiporated down to an oily consistence, tlie greater piu-t of the carbonate 
bep.iratcB in solid partmlos, which float on tlie surface, and can tlion bo taken off by 
weans of a spatula If ciude potash or pearl-ash is used instead of pure carbonate of 
potassium, the hydrate of potassium produced eouhiins tho chloride and sulphate 
present in the original substance Hence, to obtain pure hydrate of potassium, it is bust 
to use the pure neutral ewbonute obtained by igniting cieam of tartar, or (he erystal- 
Ksed ucid carboii.ite, and dceoiupose it with hme obtained by igniting black marble. 

According to Berlhollet’s plan, however, tolerably pure hydi-ato of potassium— the 
Potaiee d Valcool — may be obtained from impure carbonate The caustic solution, 
obtained as above, is evaporated to the tUickiies.s of sj rup, sliaken in close vessels with 
oue-third of its volume of alcohol, and the mixture left to settle. Two strata are 
thereby formed, the lower of whieh is an aqueous solution of ehlonde, carbonate, and 
sulphate of potassium, together with a portion of caustic potash, and rests on a precipi- 
tate which may contain lime, oxide of iron and sulphate of potassium, while the upper 
etratiun is a solution of caustic potash with some chloride of potassium in alcohol. 
This is poured off, and freed from tha greater pait of tho spirit, by distillation in a 
silver vessel furnished with a stiU-head, and boiled down in a silver basin till the 
hydrate begins to sublime. The resinous matter produced by tlie^deconiposition of tho 
alcohol, and found floating on the surface, is then removed, and tlio hydrate is poured 
out on plktes It is free from sulphate of potassium, but oontauis chlorido, and traces 
of carbonate and acetate. 

Pni’C hydrate of potassium may also bo prepared a By decomposing the sulphate 
With barytd-water, added ui just sufficient quantity, or better m alijiUt excess, us on 



POTASSIUM: HYDRATE. 701 

BTaporatiag the docantfid solution, the small excess of liavjta is precipitated by tbe 
carbonic acid of tbe air. (Scbubort, J. pr. Chem. xxti 117.) 

|3 By decomposing piu’e mriata of potassium witli metallic copper at a red-beat ; 

1 pt. of saltpotra and 2 or 3 pts. of tbm copper plate cut into small pieces, are arranged 
in alternate tbm layers m a covered copper crucible, and exposed for half an hour to 
a moderate red-beat Tbe cooled mass is then treated mtb iviiter, tbe Inpud lott to 
stand in a tall covered cjlmdricul vessel till the oxida of copper has complotely settled 
down, and tba pure solution of potash is then decanted nitli a .siphon. AVitb the 
above propoitioiib of s.dtpetro and copper, part of tlie latter is converted only into sub- 
oxide It may, therefore, be used for a second preparation of potash by mixing 1 pt. of 
it with 1 pt of Bultpetra and 1 pt of metallic copper Iiou maj’ also bo used to decom- 
pose the saltpetre , but the potash thereby obtained is cuiitamin.ited ivith small quan- 
tities of carbouio acid, silica, &e (Wohlei-, Ann Oh. Jfliai'm Ixxxvii. 373 ) 

F. Sohttlse tZeitsolir. C’b. Pharm 1861, p 109) heats a mixture of 1 pt piu'a 
nitrate of potassium and 1 pt pure ferric oxide (pieparod from ferrous oxalate) to low 
redness m a covered copper crucible into irliich hydrogen gas is passed by a tube 
reaching nearly to the bottom The lutne acid is easily docoiiiposed, and at the end 
of the experiment the potash is found mixed with the terno oxide, from winch it 
may be dissolved out by water. 

Hydrate of potassium prepared by tbe oidiuary method from tbe c.vrbonate uiny 
contain the following impurities. — Oarhonate of cahmffi, originating from imperfect 
deoantition. — Oxide of iron, when the caustic solution is evaporated in on iron vessel 
to such an extent that it beghis to act upon tbe non These, together with other in- 
soluble substances accidentally present, rem.iiu behmd when the potash is dissolved in 
water — Peroxide oj jiotMeivin, Formed m siiuiU quantity, towards the end of the 
ei Aporabon, when cuudneted in the nvr. It is on mg to the presence of this substance 
that the hj dinte, wheu dissolved in water, gn es off oxygen gas. — Carbonate of potassium. 
The solution eiiVrvesoes with acids. — Sulphaii of putasunni — Chloride of barumi, with 
excess of dilute hj drocldono acid, gii es a precipitate — Cftlomh of potassium A pre- 
cipitate produced even when the liquid is very dilute, with a solution of silver, nitric 
acid bciug added in excess. — Siirate of potussiuin Gives the reactions of the nitrates 
(p. 83), — A ftvi oxides of tfte havif metals The solution, siipcrsatn rated with acetic 
acid, gives a preoiiutate with sulphydrio acid or sul)ihKlo of ammoimim, 

Prupeitus — Hjdiate of potassium, after fusion, is a white, h.ird, brittle substance, 
having II specilic gravity of 2 1 (Dal ton), and often a fibrous texture. It melts below 
redness, forming an ody hquid clear as water, and volatilises at a full red ()eat m whito 
pungent vapours It rapidly absorbs moisture and carbonic acid from the air, dissolves 
111 about half its weight of water, evolving great heat, and is almost equally soluble in 
alcohol It has a peculiar nauseous odoiu', and on acrid taste, and acts as a powerful 
cautery, quickly destroying both animal and vegetable matters • hence its solurion 
cannot be filtered except through glass or sand, and is always best clarified by subsi- 
dence and decantation The solution ebonld be kept in glues bottles free from lend, as 
it gradually corrodes lead-glass, dissolving oat tbe oxide of lead. It also attacks 
vessels of green glass or poreelam when heated in them 

A hot concentrated eohitioii of caustic potash deposits on cooling, transparent, 
coloui'less, verjf acute rhombohedrons of a hydrate contaiuiiig KHO 2B['0 or K-0.3ffO. 

The following tables give approximately the proportion of potassio oxide, K'O, 
contained in 109 pts, by weight of solutions of different densities 


Daltou {System, ii 

293) 

Tiinuermaim (H. Tr xviii, 2, 6 

at 15°). 

Specific 


BolUng 


K20 par 


K20 per 



point 


cent. 



2-40 

39’9 

129-5° 

1 3300 

28 290 

1-1437 

14-146 




1-3131 

27-168 

1 1308 

13 013 

2 20 

36 8 

123-9 

1 2966 

26 027 

1 1182 

11882 

142 

34’4 

118-3 

1 2806 

24 896 

11050 

10-760 

139 

32 4 

116 6 

1 1 2648 

23 764 

1-0938 

9 619 

1 36 

29 4 

112-2 

1-2493 

22 632 

T0819 

8 487 

1 33 

26 3 

109 4 

1-2342 

21 500 

1-0703 

7 366 

1'28 

23 4 

108 6 

1-2268 

20-935 

1-06S9 

0 224 

123 

19'6 

104-4 

1 2122 

19-803 

10478 

6-002 

1 19 

16 2 • 

loss 

1-1979 

18-671 

10369 

3 961 

1 16 

13'0 

101-7 

1-1839 

17-640 

10260 

2 829 

1-1 

96 

1011 

1 1702 

16 408 

10163 

1697 

1-0 

4-7 

100-6 

1 1-1668 

16-277 

1-0060 

0-66.58 
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Tlio Liqtior Potassra of the phaimacopoBia eoutains nearly 5 per cent, of the solid 
hydrate, KHO, and has a density of 1-058. The strong folnhon, of specific gravity 
about 1‘26, used for ahsorhing carbonic acid in organic analysis, may he prepared by 
dissolving 1 pt of the hydrate ui 3 pts of water 
Reactions — Hydrate of potnssranj, when heated alone, does not decompose at any 
temperature, hut when heated with silicic, boric, phosphoric, tungstic, tartaric, stannic, 
or any noa-volatile acid oxide, it gives off water and is cDnverted into a potassinm- 
ealt of the acid. Heated with potassium, it gives otF hydrogen and is converted into 
the anliydrons oxide; KHO + K >= K“0 + H ’Wien moderately heated with 
sodium under a liquid not ctmtamtng oxygen, it yields an alloy of potassium ahd 
sodium (p 696). In contact with iron at a white heat, it is completely decomposed, 
giving off hydrogen and potassium and forming oxide of iron 
Potash possesses man emmeutdegreothe characteristic properties of an allcali(i. 117), 
VIZ., solubility in water, the power of neutralising acids and decomposing metallic 
salts , a caustic or corrosive action on organic snhstanees , and a peouhar action on 
vegetable colours, toning reddened litons blue, turmeric brown, and syrup of violets 
or infusion of red cabbage, green. Aqueous potash decomposes most metalho aalt.s, 
precipitating from their solutions all those metals which fortn insoluble oxides or 
tijidi'iites. The precipitates formed by it in solutions of aluminium, gluoiniiin, ohro- 
mimn, zinc and lead, are soluble m excess of the alkali ; the rest are insoluhle. [Por 
the special reactions, see the several metals ] 

At high temperatures, it acts with great energy on nearly^ all substances,^ taking 
up any acid that may exist ready formed mtho substance, and giving nee, by oxidation, 
or by a splitting up of the original compound, to the formation of acids which, did not 
previovudy exist. Thus it decomposes many silicates, forming silicate of potassium and 
swarating the bases hence it destroys glass or porcelain vessels in which it is fused. 
Muiny metuls are oxidised by fusion with it, and oxides are raised to a higher state of 
oxidation , in this manner antimony and arsenic, and even iron and platimun. (p. 685), 
are converted into acid oxides which unite with the potash ; and chromic oxide, the 
oxides of manganese, &o., are converted into chromate and manganate, &o., of 
potassium 

Organic compounds (carbon-compounds) either unite directly with potash or are 
decomposed hy it, in some cases by contact with its aqueous or alcoholic solution at 
ordinary or at higher temperatures, in others by fusion with the hydrate. The modes 
of action of potaeh (and of fixed alkalis in general) on orgimio eoinpounds may be 
olassifled as follows ; — 1 Direct combination — 2 Double decomposition — 3. Oxida- 
tion with elimination of hydrogen. — 4 Conversion of the organio compound into an 
isomer. 

1. The instances of direct cofnlnnatim of'pots^ with organio bodies are but few Oar- 
b onic oxide and caibonic anhydride are absorbed by it, producing in the first 
ease, formate of potassium, CHKO*, and in the second, the acid carbonate, CHKO* 
Isatin dissolves in aqueous potash, forming isatate of potassium, O^H'HO''* + KHO 
OH'IKHO*; similarly with ehlor- and brom-isatm Benzil, C'*H'“0® and oou- 
marin, C“H“0’, are converted, by boiling with aqueous potash into benzilate and 
ooumarate of potassium, C'^H”KO* and G'n’KO® respectively, and oaraphor, C“'H'“0, 
strongly heated with potash-hrao in a sealed tube, is converted into campholate of 
potassram, 0’''H”K0®. The acids eorresponding to these potaasium-salts consist of 
the original compound + H*0 

2 Rouble Recomposition — Orgauie acids (and indeed all acids) are converted by 
aqueous potash into potasswiu-saTts with ehminatiou of water. C.g , C“H‘0“ -i- KHO 
= C’H'KO’ + ffO Some alcohols (as phenol) yield similar compounds with aqueous 
potash , solid potash acts also on other aloohols and on eldehydes, but in a different 
manner 

Some acids when fused with potash at about 200° are resolved into two others, 
CWO» + 2KHO = 0»H'K0“ + 0>HKO< + 2H=0. 

Tertarlc Acetate Acid 

CIIH'OO" + 3KHO =. 2C“S*KO’ + C®HKO< + 3ffO. 

Mudo Acetate. Acid 

Compound ethers are converted hyalcohohe potash into alcohols and potassium- 
salts of the corresponding acids, and glycerides boiled with, aqueous potash aio 
resolved into glycerin and potassium-saita of the fat acids, or so^s 

Chlorides, bromides, ond iodides of alcohoho and acid radicles are converted 
by potash into chlonde, bromide and iodide of potassium on the one hand, and aloohols 
or potassium-salts of the acids on the other c g. 
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C»H»01 + KHO = KOI + (C'H“)HO 

Chlorids of Ethvlio 

ethyl alcohol. 

C'ffOCl + 2KH0 - KOI + C^«KO= + ffO. 

bonzo;! potasalum. 

Tlie chlorides and bromides of diatomic alcohol-radicles (ethylene, amyleno, &c ) 
are resolved under the influence of aleolioltc potash into hydroehlone add and aide- 
liydic olilorides ; e p'. . 

C=H'CP = Ed + C>H»GL 

Amides (nitrides of acid-radieles) ore for the most part attarlced by boiling potash, 
giving off anunoma and yielding potassium-salta of the correspondmg acids ; . 

C’H‘OH»N + KHO = H’'E + C’H“KO». 

Alcoholic cyanides boiled with potash give off ammonia and are converted into 
potassium-salts of fatty acids , e.ff 

C»H«.CN + KHO + H=0 = NH" -h C»H‘KO’'. 

3. Om'daiiim miA evolution ofhydrogm. This reaction takes place especially with 
alcohols and aldehydes , thus 

0’H«0 -h KHO = C>H‘KO= + H". 

hjdrUte. potuhslura. 

CiH'^O + KHO = C‘'H"KO= + 

Cumlnol eliminate of 

potassium. 

C“H«0 + KHO = C»H"KO« + 2m 

alLOhol. poias.lum 

Common alcohol and aldehyde axe in like manner converted into acetic acid when 
dropped upon potash-lime. 

When the salts produced m these reactions are heated to a temperature higher than 
that at which they are formed, soeonditry products are obtained , thus acetate of potas- 
sium may be resolved into carbonate and mar8b-g.is C-H’KO- + KHO = GmO“ -I- GH-* , 
formate of potassium into osalate and hydrogen ; 2CHK0’ = C'K“0^ + , the 

oiialate into carbonate and hvdiogen C^lf'O^ -t- 2KH0 = 20^0’ -t- &e. 

Compound ethers also yield oxidised products when they ate fused with potash-lime 
instead of being treated with alcoholic potash (Dumas and Stas, Ann. Gh. Phys, 
Ixxiu. 151), They then give off hydrogen and yield two kinds of products, the first 
derived from the acid, the second fiom the alcohol, os if the alkali had omdised the 
acid and alcohol separately. In this manner, aUiyltc oxalate yields acetic acid derived 
fiom the alcohol, and carbonic acid from the oxalic acid. 

Lika most oxidising agents, potash often splits up organic bodies, especially at very 
high temperatures, taking from them the carbon and oxygen necessary to convert it 
into carbonate. Highly oxidised bodies, such as fixed acids, and fixed neatral sub- 
stances (sugar, gum, stardi, woody fibre, &c.) are easily attacked by fused potash, 
often yielding carbonate and oxalate of potassium, and giving off hydrogen gas Some 
acids are resolved by this mode of oxidation into two other acids ; thus auoeiuic auid 

0^H“0^ -1- 2KH0, = C^mKO' -t- G’^HKO^ -e am. 

The acids of the acrylic or oleic series fused with potash yield acetic acid and 
another fatty acid ; e.g, ■ 

Cj“H='0« + 2KH0 = CmKO* + G«H«KO* -i- m. 

Azotised bodies (indigo, caffeine, quinine, &e.) subjected to this mode of oxida- 
tion with alkahne hydrates give off ammomaor other volatile aUciiHs, such as mothyla- 
mine, aniline, ohinoline, &c AH nitrogenous orgomo bodies heated to low redness 
with hydrate of potassium, yield cyanide of potassium ; but when heated to full redness 
with potash-lime (or soda-hme) they all, exceptmg nitro-compounds, give off the 
whole of their nitrogen in the form of ammonia (See Anaiysis, Oboanic, i. 244.) 

Organic bodies containing sulphur, yield by fusion with potash, either sulphide, 
sulphite or sulphate of potassium. 
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4 A few organic bodies niidergo isomm-io or poljinvinc IranK/ormations by eoutact 
with eaufstlo potash , thus fiirfaramide is converted into fiirfurma ; hydroberaamide 
into ainaiina; hitler almond oil, G’H"0, into benzoin, C'‘S'*0-. 

POTASSXUKt, OVt Potassium heated not quite to redness in 

pure hydrogen gas, absorbs about one-fourth as much of the gas as it would have avolv cd 
by contact with water, and is converted into a grey powder, ?HK*, without metallic 
lustre and infusible hdow a red heat (Gay-Lussac and Thdnard) See Gmelin's 
Handbook, ni. 17. 

POXABSiTTMl, 103>I»K OV. KI —Potassium unites with solid iodine (under 
alight pressure, oven at ordmaiy teinperatuies) and takes flee spontaneously m its 
vapour, biii'Diug with a violet flame The iodide may be prep.ii'ed by neutralising 
hydno^e acid with, potash or potassio carbonate , by the action of iodine on aqueous 
potash or sulphide of potussuiin , or by decomposing other metallic iodides, those of 
zinc and iron for example, with carbonate of potassium. 

a When iodine is added to a solution of eaustio potash tih the liquid begins to 
assume a brown tint, iodide and iodate of potassium are formed, according to the 
equation . 

3P + 6KHO = 6BI + KIO> + 3H*0 
On evaporating the solution and gently igniting the residue, the iodate is decomposed 
into iodide and oxygen, and the remniuing lodulo fuses Care must be taken not to 
allow the tempevahire to nse too high, as the iodide voliitihses at a red heat. 

fl. A solution of ferrous iodide is prepared by digesting 2 pta , of iodine and 1 pt. of 
iron in a stoppered vessel with 10 pts of water (lii 390) , the solution is decanted after 
a while from the excess of iron , and a quantity of iodine is added equal to a third of 
that which it already contains. Thesolntion is thou boiled and caibonate of potassium 
is added by small quantitiss as long as effervescence ensues and a preeipitatfl is formed. 
The solution filtered from this precipitate, which consists of feiToao-femo oxide and is 
very dense, yields on evaporation, eryBt.ils of iodide of potassium The precipitate 
however is found to retain a portion of the potassium-iodide with great obstinacy, so 
that it cannot easily be removed bywashing To ohviiitc this inconvenience Dietz 
(N Jiihrb Pharm xviin 203) ignites the iron precipitate previously to washing 
7. Liebig (Ann. Ch Pharm esii 222) recomniends, as the best mode of oiitaming 
pure iodide of potassium, the decomposition of iodide of calcium by sulphate of 
potassium. To prepare the calciura-iodule, an ounce of amorphous pliosplioi'us is 
drenched with SO oz of hot water, and fine pulverised iodine is gradually added, wilh 
constant stirring, as long as it dissolves without colour (the quantity thus dissolved 
being I3J oz.). The colourless hqmd is then decanted from the slight deposit; the 
latter is washed , the united clear liquids are muted to alkaline reaction, with milk of 
lime prepared from 8 oz of bme ; the solution is strained off ; and the residue, con- 
sisting of phosphate, phosphite, and excess of hydrate of calcium, is washed. The solu- 
tiOB of calcinm-iodide thus obtained is mixed with a hot solution of 9 oz, crystallised 
potassium-sulphate in about 48 oz water, tho liquid, after standing for six hours, is 
strained from tho separated sulphate of ealeium , the residue is washed and pressed , 
the liquid evaporated down to a litie and mixed with carbonate of potassium to pre- 
cipitate tho remaming portion of calcium, and the solution, after tho gelatinous 
procipitate has become dense, is filtered, washed, and evaporated to the crystallising 
point This process yields 13^ oz of crystallised potassium-iodide, and by evaporation 
of the mother-liquor, 3^ oz of perfectly pure pulverulent iodide Acccording to 
W Squire (Jahj-esb. 1862, p 71), iodide of potassium thus prepared often has areddish 
colour [from presence of phosphorus?] and is difficult to crystallise ; but may be 
rendered colourless and easily crystallisable by previous fusion. [For other modes of 
preparation, see 0-mehn’s Handbook, hi. 46.] 

Iodide of potossium, when pure, dissolves in six times ite weight of alcohol (epeoifie 
graiuty 0 83), and does not effervesce or turn brown on addition of hydrochlorio acid , 
effervescence would indicate the presence of carbonate, and the production of a brown 
colour, that of iodate of potassinm, the brown colour arising from sepaiution of iodine 
by the mutual action of iodio and bydriodic acids (lii. 300) 

Iodide of potassium erystalliees in cubes, sometimes elongated , rarely m octahedrons. 
The crystals are sometimes transparent, sometimes semi-opaque. Specific gravity =» 
2-9084 (Karsteu). 3 001 (BouUay), 2-850 (Schiff); S-079 (Schroder) It is 
not deliquescent, has a sharp taste, and turns reddened litmus-paper slightly blue It 
melts below a red heat, and when exposed to tho air, volatilises undecomposed at a 
moderate red beat. 

Iodide of potassium is very soluble in water, and in dissolving produces a consider- 
able fall of temperature, sometimes amounting to 24°. It dissolves in 0-736 pt water 
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ftt 12-6° and in 0-709 pt, at 16° (Banp); in 0 7 pt. at 18“ andin atont 0-4C pt. at 
120° (Gay-Lusaac). A saturated solution bods at 120“ (Baup) Tha following 
table exhibits the expansion by heat of aqueous solutions of potassium-iodide of vanoua 
degrees of concentration, as determined by Eremers (Pogg. Ann. ctoi. IIS ; Jahresb. 
ISaO, p. 49); 

Volumes of Aqueous Iodide of Votasamu atdsfferent temperatures (toI. at 19-6“ = 1), 


SpecIBo gravity i 


100 



we 


19114 


135-a 


1-6822 


0- 90422 
1 00000 

1- 00843 
1-01866 
1-03039 
1-04388 


0- 99231 

1- 00000 
1-00969 
1 02017 
103196 
1-04600 


0 99127 
1-00000 

1 01016 
1-02090 
1 03247 
1-04487 


? 

1 00000 
1 01022 
1-02085 
1-03022 
1 04376 


Iodide of potassium dissolves at 12 8“ in 6 6 pts. alookol of speeifie granty 0-86, 
and at 13-6° in 39^0 pts. of absolute alcohol, hot alcohol 'dissolvas a much largeE 
amount, and deposits it m needles on cooling. 

Chlorine, with the aid of heat, decomposes iodide of potassi-nm into chloride of 
potassium and iodine. Prom a solution in 2 pts of water, cldorine gas throws down 
iodine at first , but this disappears again when more ddoriue is added, a compound of 
trichloride of iodine -with chloride of potassium being formed, which colours the liquid 
yellow, and yields an abundant crop of crystals. (Pilhol ) 

The brownish-yellow colour produced by dilorine is visible in a diluted solntion to 
the extent of 1 pt. of iodide of potassium in 3000 pts of water , the same reaction is 
produced by sulphuno aud nitric acid, in a solution of 1 pt. in 6000 pts. of water. 
(See loPiDBS, 111 287 ) 

Iodide of potassium evaporated -with mfno aotd, is entirely converted into nitrate 
(Sorullas). "When it is nested with nitrate of ammonium, iodine is abundantly 
evolved, -with production of a brown colour. It is easily decomposed by nitrous acid, 
which sets the iodine free. On adding nitrite of potassium to a solution of the 
iodide acidulated -with hydrochloric acid and mixed with stai-cb-puste, a dark-blue 
colour IS produced, instantly in strong solutions, after a few seconds in very dilute 
solutions yi, S Price, Ohein, Soc. Qu. 3 iv. 166). — By fusion with chlorate ^potas- 
sium, the iodide is converted mto lodate , heated with nitrate of potassinm or nitrate 
of barium, it yields a small quantity of iodate of potassium or baniim, together with 
peroxide of barium in somewhat larger quantity (0. Henry, J Pharm. xviii 346). 
In the vapour of sulphuno anhydride, it turns reddish-hrown, and produces sulphate 
of polaasrum, sulphurous anhydride and iodine (H, Eose, Pogg xxxviu. 121) • 

2E:I 4- 2SO» = K»SO‘ + SO’ + I’ 

■When distilled -with dilute sulphuric acid, it yields, first hydriodic acid, then, on 
further concentration, iodine which dissolves in the hydriodic acid, and sulphurous 
anhydride which passes over -with the water and iodine, and is converted into sulphu- 
ric acid Heated -with pet omde of manganese and aulphune acid, it gives iodine only, 
no sulphurous acid. A mixture of equal parts of iodide of potassium, common salt, 
nitre, and sulphuric acid, yields chloride of iodine as the principal product (Soubei- 
ran) Steam passed over iodide of potassium heated to redness, causes the evolution 
of a large quantity of hydriodic acid gas ; the residue is alkaline (Schiniller, Mag. 
Pharm. xxxi 33). A mixture of iodide of potassium and sal-ammioniao yields, when 
heated, free lodiue, and iodide of ammonium, whilst iodide and chloride of potassium 
remain behind. The mixture remains unaltered in dry air, but in moist air, slowly 
absorbs water and becomes bre - - ■ ’ . 'the iodide of ammonium. 

A concentrated solution of. ■ tes iodine from iodide of 

potassium; a dilute solution doesnot; nnd the iodine separated in the former case,istaken 
up again on diluting the liquid, the reaction represented by the equation 2K’Fo"'Cy“ + 
2KI = 2K^P0''Cy'’ + I*, taking place one way or the other according to the strength 
of the eolutious (0. Mohr, Ann. Ch,Phuim. cv. 67, Jahresb. 1868, p 99.) 

Iodide of potassinuHis much used in medieme; it is not poisonous even m doses of 
several di-achms Its solntion is also employed as a vehicle for iodine itself, 20 gi-s. 
of iodine and 30 gi-s. of the iodide being usually dissolved together in an ounce of 
water. The solution thus obtained, which has a dark-hrown colour, is sometimes 

Von vr. Z Z 
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Bupposecl to contain a di-iodiilo of potaasuim ; but as tba excess of iodine is easily 
Muioyed from it by sulphide of carbon, tins now is not very probable 

Ipdide of potassnim unites with many other metallic iodides, forming doable salts ; 
these are described under the respective metals, A compound of iodide and femeya- 
uide of potassium, KI.K“Fo"Cy*, is obtained as a golden -yellow crystalline powder by 
the action of iodine on a warm solution of the ferroeyanide. (Preiiss, Ann Oh 
Phdrin. xxix. 82S.) 

POTASSITTM:, MIXRISE or. Tnpotallsamide, K’N (p 696) 

POTASSIinHC, OXIDES or. Potassium forms tliree oxides, a protoxide 
K^O, a dioxide K’0“, and a telroiide K’O* A grey suhoxide is said also to be 
formed during the gradual oxidation of the metal in dry air, but it is probably only a 
mixture of the protoxide with potassnim. 

J'rotoande of Potassium or Anhydrous Potash, K’O, is formed . 1, When potas- 
sium in thin shoes is exposed at ordinaiy temperatures to air free from moisture and 
carbonic anhydride — 2 By heating potassium irith various metnlho oxides, also with 
carhonio, boric, ailimc, sulphuric anhydride, &o. — 3. By heatmg 1 at. potassium With 1 at. 
of the hydrate : — 

2KHO ,+ K’ =, 2mO + IP. 

Protoxide of potassium is white, very deUqueseent and eaustio ; combines energehoally 
with water, becoming incandescent when moistened with it , melts at a red heat and 
volatilises at very high temperatures. 

Tetroxzde or Peroxide of Potassium, K’O'*. — This oxide is obtained, mixed 
however with variable quantities of tba protoxide, when potassium is burnt in dry air 
or oxygen gas, G-ay-Liissac and Thdnard, who examined the peroxide thus formed, as- 
signed to It the composition K'^O’, but their determinations did not agree well with 
ono another. To obtain a definite product, it is necessary to expose perfectly pure and 
clean potassium to a moderate heat, first in a currant of dry an', then in dry oxygen 
gas , It the metal is at once exposed to the action of pure oxygen, great heat is evolved, 
and the peroxide melts and attaclcs the glass vossel 

Tatroxide of potassium is a elmomo-yellow powder which cakes together at about 280°. 
It absorbs moisture rapidly from the air, and is decomposed by waim, giving off 
2 at oxygen, and forming a solution of dioxide of potassium, K“0’. When heated in 
a siliM' boat in an atmosphere of nitrogen, it is reduced to protoxide, oxide of silver 
being also formed and 2 at. oxygen given off as gas . — 

-s Ag« = K*0 + Ag^O -H O’ 

When heated with sulphur, it deflagratea violently; hut when sulphur-vapour is 
passed over the tetroxide gently heated in an atmosphere of nitrogen, a portion of it 
(in one eipanmcnt nearly the whole) is converted into sulphate of potassium KO^S , 
generally however the excess of sulphur exerts a reducing action, forming sulphurous 
anhydride and snlphido of potassium The tetroxide gently heated iii a stream of car- 
Jenmoxiiie, yields carbonate of potassium and 2 at oxygen, K"0^ -i CO = CK-'O’ -I- O’ 
With oarlonic mhydnde, a similar action takes place, with evohitiou of 3 at. oxygen. 
With nitnc oxide, it forms nitrate and nitrite of potassium, together with nitiie peroxide : 

K’O* + 3NO ^ ENO’ + KNO’ + NO’. 

Nitrous oxide does not act upon it. (A. Vernon Harcourt, Chem. Soc. Ou J. 
siv. 267.) 

Pioxide of Potassium, K’O’, is formed at n certain stage in the preparation of the 
tetroxide, but has not been obtained in perfectly definite form Bycarefully regidating 
the beat and. the supply of air, nearly the whole of the potassium may be converted 
into a white oxide exhibifmg nearly the composition of the dioxide , but before the 
metal has quite disappeared, some portions of it are always converted into the yoUow 
tetroxide. An aqueous solution of the dioxide is formed, as ah'sady observed, by the 
action of water on the tetroxide. (Harcourt ) 

POTASBIuni, PHOSPHIDE OP, — ^Potassium and phosphorus mute wheu 
heated together in nitrogen gas, the eombinution being attended with evolution of light 
and heat. Under naphtha the aetion takes place without combustion, merely causing 
the liqiud to boil. To obtain the pure phosphide, potassium must he heated with 
excess of phosphorus in a stream of hydrogen tiU flame is produced, and further till the 
mass of pboB^orus is volatihsed (H Bose, Pogg. Ann. xii 6i7). It is a copper- 
red, crystidline substance having a mctalhe lustre. It burns rJpidly when heated in 
the dir, forming phosphate of potassium, and is decomposed by water, yielding hypo- 
phosphite of potassium, phosphoretted hydrogen gas, and sohd phosphide of hydrogen. 
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POTASSIirni, SEXiENlOES OI*. — Compounds of aelemum and potassium in 
vanmis proportiona avo obtauied 1. By direct combination 2. By igniting selanita 
or selenate of potassmm' with hydrogen or charcoal 3. By fusing seloiuum with 
hydrate or carbonate of potassium, selenite of potassium being formed at the same time. 
The products thus formed are grey or brown masses which dissolve lu water, foiming 
a solution from which acids eliminate gaseous selonido of hydrogen, and precipitate 
selenium if that element is in excess. A solution of selenide of piotassiiim may also be 
formed by boiling selenium for a long time m aqueous potash. AH the solutions of 
potassium-seleuido have a hepatio taste, and on exposure to the air, deposit selemum 
in the form of a red powder. 

POTASSXTTM, SIXrICIXIE OP. — The two elements, when heated together, imita 
without perceptible incandescenee The compound containing a larger proportion - of 
potassium than silioium is dark greyish-brown, and dissolves entirely in water, with 
evolution of hydrogen gas, jnelding silicate of potas«.ium, the compound with more sili- 
ciiim than potassium — obtained by decomposing fluoride of silicinm with potiissinm, and 
also by strongly igniting the fiiat compound — leaves a residue of silicuiin when digested 
in water ^ When vapoiu- of potassium is passed over ignited silica, sihcato and silieide 
of potassium are produced, and dissolve m water without leaving any residua But if 
the greater part of the potassium be previously expelled at a strong red heat, and the 
remaining vitreous mass digested m water and then in hydrofluoric smd, a small quantity 
of silioium is left behind. 

POTABSIUIW, SlXiIOOPIiTTOniDE OP. K*Sil?“ = 2KF.Si]?h -Obtained by 
adding hydrofluosilicio acid to a potassium-salt, as a transparent gelatinous precipitate, 
which dries up to a white earthy powder. It is one of the least soluble of the salts of 

C ssium ; consequently hydroflnosilioio acid is sometimes used to separate potassium 
its solutions, os m the preparation of chloric acid from chlorate of potassium. 
POTASBnmi, SUEPKIEES OP. Potassium heated in snlphur-vapour 
readily takes fire and bums with great brilliancy It unites with sulphur in five dif- 
ferent proportions, viz. E“S, K*S®, E“S*, and K’Sh 
Protosv.lv'hide, K®S. — It is doubtful whether this compound has been obtained in the 
pure state, ft is commonly said to be produced by heating sulpbato of potassium in a 
current of dry hydrogen, or by igniting the same salt in a covered vessel with finely 
divided charcoal, but according to Bauer (J. pr. Chem. Ixxv. 246 ; J.iliresb. 1868, p. 
116), one of the higher sulphides is slwavs formed at the same time, together with 
oxide of potassium. The product has a reddish-yollow colour, is deliquescent, and acts 
as a caustic on the skm. When sulphate of potassium is heated in a covered eruoiblo 
with excess of lamp-black, a mixture of sulphide of potassium and finely divided carbon 
is obtained, which takes fire spontaneously on coming in contact with the air The 
protosulphide might perhaps he obtained pure by heating 1 at. sulphydrate of potassium, 
tens, with 1 at of the metal. 

When sulphydno acid gas is passed to saturation into a solution of caustic potash, a 
solution of the sulphydrate is obtained, which is colourless at first, but if exposed to 
the am, quickly absorbs oxygen, and turns yellow in consequence of the formation of 
disulphide ; 21IHS + 0^ = K'^S- + H®0 If a solution of potash be divided into 
two equal piu’ts, and one half be saturated with sulphydno acid, and then mixed with 
the other, a solution is formed which may contain protosnlphide of potassium • KHS 
+ KHO = + ffO ; but it IS also possible that the hydrate and the sulphydrate 

may mix without mutual doeomposition The solution when mixed with one of the 
stronger acids, gives off snlphydne acid without deposition of aalphnr, a reaction which 
is consistent with either view of its eonsititution. 

Disulphide of Potassium, is formed, ns already observed, on exposing a 
solution of the sulphydrate to the air till it begins to show turbidity. By evaporation 
in a vaoniim, it la obtained as an orange-colonred, easily ftisible substance 

The irisulphide, K“S®, is obtained by passing the vnponr of earbomc disulphide over 
ignited carbonate of potassium as long ns gas continues to escape 

2E®G0» + 3CS“ = 2K=S“ + 4GO + CO’, 
also, together with sulphate of potassium — ^forming one of the mixtures called liuir of 
svdphuT — by melting 69 pts. (4 at.) carbonate of potassium with 40 pts. (10 at ) sulphur 
Co. 708). 

4K=C0’ + S"> « K’SO’ + 3K’S» + 4CO*. 

The tetrasulphite, K’S*, is formed by redneang sulphate of potassium with the 
vapour of carbonic disulphide. 

The pentasulphide, K’S“, is formed by boding a solution of any of the preceding 
sulphides with excess of sulphur till it is saturated, or by fusing either of them m the 
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dry state witli sulphur The excess of bulphiir then separates and floats above the dark 
liver-brown pentosulphide 

All the sulphides of potassium are brown or yellow-brown solids, having an alkaline 
reaction to test paper, and smeUing more or less distinctly of sulphydric acid. Acids 
decompose them, with evolntion of sulphydric acid gas, attended, in the case of all hut 
the protosulphide, with the precipitation of white, finely divided sulphur (milk al 
Sulphur). On adding the pentasiilphide to an excess of hydi-ooliloric acid of specific^ 
gravity about 1 1, persulphide of hydrogen, IPS® (iii 204), is separated as an oily hquid. 
The solutions of the higher sulphides become colourless on exposure to the air, the 
eulplude being oxidised to hyposulphite and the excess of sulphur separated. When 
a solution of caustic potash is boiled with sulphur, a decomposition ensues similar to 
that which oconra when hydrate of potassium and sulphur are fused together , a deep 
reddish liqiud is then formed contaimng hyposulphite of potassium aUd one of the 
higher sulphides . e.ff. 

6KHO + S’® = + 2K®S‘ + 2H®0. 

Liver of Sulphur, Separ mlplmns saltnum s akalinum, which is prepared by 
gently heating sulphur with carbonate of potassium in closed vessels, e in covered 
earthen or cast-iron crucibles, — ^but freest ftom impurity, in glass flasks, — consists of 
trisulphide, penta-sulphide and intermediate sulphides of potassium, according to the 
proportions employed, mixed with sulphate and often at the same time with carbonate 
of potassium. 69 pts (4 at.) carbonate of potassium and 40 pts. (10 at.l sulphur yield 
a mixtm-e of 1 at sulphate and. 3 at sulphide of potassium (p, 707). When less 
sulphur IS used and a lower heat apphed, the product likemse contains undeoomposed 
carbonate of potassium , if the heat be stronger, the trisulphide changes to the disulphide, 
and a larger quantity of potassio carbonate is decomposed. Lastly, if the amount of 
sulphur exceeds 10 at , the excess converts the disulphide into tetra- or peuta-_sul- 
phide of potassium. 4 at carbonate of potassium require 16 at. of sulphur to form, 
pentasulphide. Cousequently, for 69 pts carbonate of potassium, 40 pts. of sulphur 
is the smallest quantity tllat can be used, and this produces tri-sulphide of potassium ; 
64 pts. IS the largest, penta-sulphide being produced , any excess of sulphur beyond 
this volatilises without entering mto combination. In the common proportion of 2 pts. 
of carbonate of potassium to 1 pt. of sulphur, the quantity of sulphur is therefore too 
small. 

POTASSXmn, SVIiPBOCAKSOITATS or. See SunVEOCAnBOHATES. 
rowAssima, svspbocyanatb of. See Sui.fhoovax'atjis 
roTASSiina, soxfhobiobybsate of. See Molybuseuw, Sulpetdes 
OS' (lii. 1044.) 

FOWASSItria, STTIiFHOPHOSPaATE and SVEPHOPBOSPBITE OF. 

See Pkosphobus, Sulphides os (pp 603, 604). 

POTASSIUm, SUXiPBOTUn-OSTATS and STTIiPBOVAITADATE OF. 

See Tuhostbn and Vanamdm, Sulshides of 
POTASSlvm, SOEPHYSBATE of. EHS or ]r®S.H®S.— Pormed, with 
liberation of 1 at hydrogen, when 1 at pota.ssium is heated in 1 at sulphydi'io acid gas, 
e g. when 200 o c of the gas ai-e decomposed by a quantity of potassium capable of 
evolving 100 0 c. of hydrogen from water 2H®S + K® = 2KH3 + H® (Gay-Lussac 
and Theiiard); also by passing sulphydric acid gas over carbonate of potassium 
at a low red heat as long as water and carbonic anhydride continue to pass off 
(Berxelius) 

E:®C0» + 2H®S = 2KHS + CO® + H®0. 

It IS white if ear has been excluded during its preparation, yeUowish in the contrary 
case ; crystallmo , black when melted It is decomposed by dilute acids, with evolution 
of sulphydric acid. If heated with 1 at. potabsium, it would probably yield the pure 
protosulphide; 2KHS + K® = 2K®S + H®. The same oompound is obtained in 
solution by saturating aqueous potash with sulphydric acid (p 707). 

^ POTASSFtna, TBEEVEIEE OF. Bormed by heating tellurium with potas- 
sium m an atmosphere of hydrogen ; by heating tellune oxide with 2 pts. hydrate 
of potassium and 1 pt charcoal ; and by passing the current of a powerful voltaic 
battery through a solution of potash with tellurium for the negative pole. The oom- 
pund obtained by the first method is dark copper-coloured, brittle, has a orystalliue 
metnro, and does not melt beloW a red heat ; that obtained by thfS second has the colour 
of nickel, while the third yields a steel-grty, brittle compound much more fusible than 
pure tellurium Telluride of potassium dissolves in water, forming a purple solution 
which becomes colourless and deposits tellurium on exposure to the air, and gives off 
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telUiriiie of hydrogen when treated wMi acids. A similar solution, but containing also 
tellurite of potassium, is formed by boilmg tellurium m aqueous potash. (Berzelius.) 

POTASSKral-ETHIli, C“H'K, and POTASSXinHC-mETKTXi, CH»K, are 
obtained in combination with zmo-ethyl and zmo-molhyl, by treating those compounds 
with potassium , they are not known m the sepoiate state. Their reactions are 
■^reeiaaly analogous to those of the correapondiug sodium-eompounds (y.® ). 

poTaBSXtmc.BAX.'XS, »IAHtrFA.oxtrRE OF. The sources of potassium 
have been already enumerated. Formerly nearly all the potash used in the arts and 
manufactures was obtamed fiiom the ashes of land-plants , but of late years the in- 
creasing demand for potash for the preparation of various compounds in which it has 
not yet been found possible to replace that altah by soda, namely the chlorates, 
prussiatos, chromates, &c , and more especially of saltpetre for the manufacture of 
gunpowder — also as a manure for the cultivation pf vanons plants (vme, beet, cereals, 
&o ) — has led to the invention of several processes by which putassium-salts may be 
obtained, either directly from mineral som-ees, or from the waste products of manu- 
facturing operations. It must be observed, however, that the incineration of land 
plants has the advantage of yielding the alkali in the form of carbonate, which may 
easily be converted into the other salts by neutriilisation with the respective acids, or 
into caustic potash, by boiling with lime (p. 700), and thus at once rendered available 
for the manufacture of soap, and the various other purposes for which a oausbo alkali 
is required, whereas the other sources yield the potassium for the most part in the form 
of chloride or sulphate, that is to say in a form resembling the crude material m Le 
BUno’s process for the preparation of soda, and requiring a complicated series of opera- 
tions to convert it into carbonate or caustic alkali For some purposes however, the 
preparation of mti’ato of potassium for example, the chloride of potassium is at once avail- 
able, lYithout previous conversion into carbonate. 

The sources from which potassium-salts are at present obtained are the following: 

I. The ashes of Land plants. IV Felspar and other Silicates. 

II. The ashes of Marine plants. V. The Wool of Sheep. 

Ill Sea-water, Brine-spnnga, and Saline deposits. 

I. MANuraoiuBB op Oabbonatii op PoiAssnai phom tub Ashbs ob TmnEii 
AOT OB Lakd Plants dt qbnebai,. 


The ashes obtained from plants of different species exhibit very groat diversities 
of quantity and composition , but the chief constituents are always the carbonates, 
chlorides, sulphates, phosphates, and siheatesofpotassinm, sodium, calcium, magnesium, 
and iron . the carbonates, which generally constitute byf.ir the larger proportion of the 
ash, are produced by the decomposition of organic salts of the several bases (see Asn 
OB Oebanio Bodies, i 41 (5). The following tables will give on idea of the great differ- 
ences in the total amount of ash and the proportion of potash yielded by various plants.: 


Pine wood 

Ash ", 
Oak „ 
Elm „ 
WiUow,, 

Wormwood 

Fumitory 


Hoss: Amltjses from 1,000 parU. 

Ash. Potash (KUO) 

3A0 OA6 

8 80 1 27 

12 20 0-74 

, . . . . . . 13-60 l-‘60 

. 26-60 3 90 

. 28-00 2-86 

34-00 6-60 

36-40 4 26 

97 40 73 00 

219-00 79-90 


Abbene and Blengini 


Analyses fro7)i 1,000 parts. 


Eahlia with blossoms and leaves 
„ stems after flowering tune 
„ bulbs . 

„ branches 
Aeaoia-branches 
Grape-stems . 

Vine 
Skins 


Ash Potash (KSO). 

79 02 19 98 

44 67 3-60 

90 la 13-44 

23- 06 2 66 

24- 69 2-56 

88 88 41 66 

46-66 12 73 

72-91 14-88 


Stems of a elusfer of grapes ..... . . 39 81 

Grape-stones ........ . . 960 


More extensive tables will be found in Richardson and Watts’s Ckmioal Technology, 
i, [3] 440—453. 
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1. jpoiash from the ash of Foreet-imber. 

It mil be Been ftom the examples above given that the proportion of potash in her- 
baceous plants IS much greater than in trees, and accordingly it has been proposed to 
grow such plants (wormwood, tansy, marigold, &c ) for tho sole purpose of extracting 
potash from their ashes. But sneh a plan can eeldom be profitably carried out ; for these 
fast-growing plants, except under very peeuliar circumstances, soon exhaust the soil 
of-all Its available potash Forest trees, on the other baud, dni'iug their comparatively 
slow growth, are able to avail themselves of the potash which is supphed to the soil by 
the gradual decomposition of felspar, clay, &e , and thus a continuous growth is kept 
up without exhaustion of the soil. It is therefore feom forest trees that potash is 
principally obtained, tho manufacture being carried on in countries where extensive # 
forests prevail, as in North America, Eussia, Sweden, Germany, and some parts of 


Tuscany and France 

The ineineration is effected either m pits, sunk into tho ground to a depth of three 
or four feet, or the plants and timber are arranged in piles on the ground, fresh 
quantities of timber being added, in either ease, until a heap of ashes is obtained. 

The kxtmation of the ashes . — The ash is sifted from the coal and charred wood, tho- 
■- roughly moistened and flUed into two rows of common 

•Fh/. 741 wooden cisterns or half barrels ijig 741), the tworows 

jrtWMiSi 111 IB F^'Tutftrj being arranged one above the other, with a thud row 

nHHf If III iilwfl of empty cisterns, or wells, on a still lower level The 

IBrliBI'' Ii't ''-'I'fWki cisterns have false (sieve-like) bottoms covered with 

fPi" i straw, from which the lye, when sufficiently strong, 

-■ '[Sill 18 drawn into the evaporating pans. The method of 

lmi''uatiou, generally with cold, sometimes wth hot 

The Upper row of cisterns Fs first filled with water on 
_ the top of the firmly pressed down ash, and drawn 

1. ^-SMEShHiEliillwIu^- ’ -when the lixiviation is complete , they are than 

— “III refilled and the weak lye is rim into the first ash- 

cistem of tho second row, whence it also issues in a 


fib state of salination for boiling , this syatom is continued in rotation, every fresh 
portion of water coming at hist in contact with afresh portion of .ash, The lye in its 
proper state of saturation shoidd contain from 20 to 26 per cent, of salt. This simple 
and most effectual method is however ouly one out of a groat number, used in different 
countries, for the description of which see Richardson and Watts’s Chentwal Techno- 
hyn, i [3] 468 

Emporaiion of the lye,— The lye, which is of a dark-brown colour, is evaporated in 
fl.it iron pans, whilst the water is constantly replaced by lyo of the proper strength, 
until the contents of the pan become thick, and the hot lye quickly soUdifles on cooling j 
thewhole is then evaporated to dryness with constant stirring The crude product thus 
obtained IB called, from the mode of preparation, oxude potash or potashes It 
consists mainly of carbonate of potassium, with a considerable quantity of sulphato and 
about 12 per cent of water. 

In Germany the sulphate of potassium is sometimes separated by allowing it to 
ci’ystalhse out of the liquor, before boiling down. In Russia, potii.shes are made lai’gely 
from wood-ashes or the ash of straw, .is a duty from the peasantry to the estate-owners. 
The Ijie IS evaporated in fiat copper pans to tho point of crystallisation, and the earbu- 
uatoafpotossium deposits in brown crystals, which are then culoinetl iii a muffleftirnnoe. 


Mg. 742 


Oalcinaiion — Crude po- 
tash contains water and 



empyrenmiitic substances, 
and these are destroyed 
by calcination The cal- 
cining furnace is shown in 
firj 742, and. is worked in 
the same mnnuor as the 
carbonating furnace m tho 
manufacture of alkali ; tho 
ornde potash, first covering 
the hearth in a thin layer, 
iswbU paddledand turned, 
thgu broken down and tho- 
roughly exposed to the hot 
iiir, until .ill comhustiblo 


matter is destwijed and the whole nmts acquires a clear and bright flame-red heat, 
when 8 sample, alter cooling, will appiear quite white. Careful mauageinent is ro- 
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quired tlirougliout fcha operation to prevent the flexing of the muss and to give 
the ash a bright appearance. Hie loss in weight by oalcinuig the ernde potash is from 
16 to 20 per cent. The calcined product, called pearl-ash, is packed while stiU hot, 
to prevent any absorption of moisture The ash is often discoloured by impurities. 
In soma manufactories, a muffle furnace is used instead of that above described 
Eefmmg of Pearl-ash. — ^In America the pearl-ash is sometimes redissolved, the 
liquor concentrated and the less soluble salts arc allowed to crystallise out ; the clear 
liquor IS then evaporated to dryness with constant stirnng , this ash is called “salt of 
tartar ” In Prance the calcined pearl-ashes are washed several times with cold water, 
whichgraduaUy takes up alltheWbonate of potassium, and thesolution (specific gravity 
about 1 4735) is evaporated'm a system of pans The pearl-ash thus produced is of 
first-rate quality, aud very much liked in commerce on account of its granular form. 

Ocamiercial Potashes — There is a great variety of potashes, according to the locality 
where they are made, whence they are imported, &c — The American, imported in oak 
casks via New York and Philadelphu, are reddish, sometimes ^ey andviolet, hard, but 
very deUqueseent , there are three kinds, containing respectively 64 to 68 per cent., 
48 to 52 per cent and 30 to 46 per cent, of neutral carbonato of potassium, fc“GO“. — 
The white American, or pearl-ash, is granular, varying in percentage from 26 to 58 per 
cent — The Russian, St Petersburg or Odessa, also called “ Kiisan" from being manu- 
factured near this looahty, are padeed. in poplar c.isks, and contain from 60 to 62 per 
cent of pure carbonate. — The Riga potashes are similar, and vary from 60 to 62 per 
cent —The Pohsh [Patasse de Paille) are denser and harder —The Bantzig resemble 
pearl-ashes, but are more friable, and stand fr-oni 60 to GO per cent — There are throe 
quahties of the Tuscan, which are in powder, mixed with pieces of different colours : 
grey of 60 per cent. , white, harder, of 60 to 66 per cent ; and blue of the sumo strength. 
— ^All other potashes are of a similar eharactor, they are never completely soluble in 
water, and sometimes leave a considerable residue. 

The following analyses give a very good idea of the composition of the various kinds 
of commercial potashes ; 

I. Hermann’s Analysis of Potashes from Kasan. 

Insoluble portion. 

lime 0'064 

Alumina 0 012 

Maugame acid 0 013 

Silica 0'132-0'211 

Soluble portion. ' 

Carhomoaoid 27'790 

Potash 47‘465 

Soda 2 730 

Sulphate of potassium . . . . 17 062 

Cblonde of potassium . . . ^ . 3'965 

Bromide of potassium .... trace 
Phosphate of potasanun . . . 0 443 

Silica 0'344— 99'789 



II. PesiePs Analyses of Commeroial Potashes. 





America. 


CourtitueutB. 

Tmoany 

U«..ia. 

Red. 

Pearl- 

Voige.. 

Carbonate of potassium 

Carbonate of sodium . 

Sulphate of potassium 

Chlonde of potassium . 

Insoluble matters 

Moisture 

Phosphoric acid, hme, sflica, &c. 1 
and loss . *. . . J 

74-1 0 

3 01 

13 47 
0-96 

0 66 
7-28 

0 64 

69-61 

3-09 

1411 

2 09 
121 

8 83 

107 

68 07 

6 86 

16 32 
8-16 

3 36 

not csti- 

71-38 

2 31 

14 38 

3-64 

0-44 

4 66 

3 29 

38-63 

4-17 

38-84 

9 16 

2 66 

5 34 

120 


100 00 

100 00 


100 00 

100-00 
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in. Bley’s Analyses of lUynan Totashea, 


Cartionate of potassium 
Caibonate of sodium/ 
Sulphate of sodium { 
Insoluble matter 


78-75 
12-60 
8 75 


100 00 


82-86 
12 60 
4-66 

ioo-0^ 


IV. Van Bastelaet’s Analyses of Ameriaan and, Sussian Potashes. 



American pota, he. 

Ru.stan 


1 

2 

3 

potsEhea 

Oarbonate of potassium .... 

CaiiBtie potash 

Sulphate of potassium . . . . 

Chloride of potasaium .... 

Carbonate of sodium 

Moisture 

Insoluble matters 

21- 47, 

4 46 

20 03 
7-66 

22- 99 

9 37 1 
14-08 i 

30-43 

9-33 

25 06 
4-20 

28 90 
3-11 
3-98 

12-96 

21-71 

23-70 

7-89 

17 07 
0-81 

16 86 

50-84 

17 44 

6 80 

12 14 
10-18 
3-80 


100 00 

100-00' 

100-00 

100-00 


V. Meyer’s Analyses of American Potashes (New York). 


ConstltueoM. 

Bast Quality. 

Flwt 

Quality 

Second 

Quality. 

Third 

Quahty. 

Carbonate of potassium 
Hydrate of potassium , 
Sulphate of potassium . 
Chloride of sodium 
Carbonate of sodium . 
Insoluble matter . 

43-08 

49 68 
4-07 
184 

0 72 

24 67 
44-43 

16 14 

4 40 
4-27 
6-19 

68 01 

8 61 

27 70 

10 49 

0-19 

16-07 

33 69 

19 76 
6-00 
4-70 

16 86 

53-16 

4-49 

21-30 

6 37 
14-01 

1 69 

38-47 

63-34 

0-62 

6-08 

1-64 


90 79 

100-00 

100-00 

100-68 

100 01 

100 00 


2. Potash as a dye-prodvct/roni the manufacture o/Peet-root and Cane-sugar. 
Beet-root is a potash-plant, its ash containing only in some few instances a large pro- 
portion of soda. ; thus Bonssingault foimd in the two kinds - 


Potash . 
Soda 


Mathien da Bom basis first attempted to combine the productionof sugar with the 
eiti'aotionofpotashbyincmBratmgthcleavesof the beet-root, his plan was however soon 
abandoned; about 20 years later, Dubrunfaut suggested that the unorystaUiBable 
sugar in themolnsses should ho converted into alcohol, and the potassium-salts extracted 
ftom the residue. Tlus pl.m, which has been adopted on a large scale m Prance and 
Germany, depends on inducmg a formentation in the molaases, sepni-afing the alcohol 
by distillation, evaporating the residual hquors to dryness, caloining the solid mass, 
and treating the pure salts as deserihed for ordinary potashes. 

Molasses — The nncrystallisable sugar in rawheet-root sugar was fonndhy Moiaier 
to vary from 0-12 to 3-40 per cent., hut in some molasses it amounts to 90 per cent. 
Pay en, Poinsot, and Brunet found 9-69!) per cent, of the carbonates of potassium 
and sodium in this material. Krocker found m the mineral matter left by the incin- 
eration of the molasses . — 


Kio. Na^O. OaO. 30» 3iO>. CO«. 

Soluble 47-88 2 34 . . 1-63 0-86 22-39 . . . . ,„12-92 -= 87-91 

.Insoluble 1-70 0-17 5-29 . . 0-22 3-79 0-29 0-63 . . = 12 09 


100-00 
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The molasses are diluted to a speoifie gravity of 1'085, and aulphurio acid is added 
to render the liquid slightly acad. This liqrad is mixed with. per cent, of the yeast 
of beer, run into large cisterns, exposed to a tenyerature of 20° 0. (68° F.) and allowed 
to ferment for five or six days. It isthen distilled to separate the icohol, amounting to 
4 or 6 per cent, of the liquid. AU the salts contained in the plant remain in the residue 
called vinasse. 

This residua is neutrahaed with chaUc, and the liqnid is allowed to settle. It 
is then oouoentrated lu iron pans to a syrupy consistence (1'217 to 1'372 specific 
gravity), run into tanks to allow the sulphate of calcium to precipitate, and the clear 
brown liquor is oalciaed in a reverharatory fnmace. 

The addition of chalk to the vniaase is moat beneficial to the composition of tho salt 
produced, as is plainly shown in the following comparative analyses ; — 


Carbonate of potassium 
Carbonate of sodium' 
Sulphate of potassium 
Sulphide of potassium 
Chloride of potassium 


.out lime. With lime. 
42 S2 

29 30 

10 1 

3 

16 17 


The potashes obtained in this process vary very much according to the districts 
where the beet-root has boon ^own ; they are noher where the beet-root has recently 
boon introduced, than where the soil has been long cultivated and is consequently ex- 
hausted. Those raw beet-root potashes, called “ SaBn ” on the contment, contain on the 
average — 


Sulphate of potassium, from . . , . . . 3 to 6 per cent. 

Chloride of potassium, 20 per cent. 

Carbonate of potassium 80 to 35 per cent. 

Carbonate of sodium 18 per cent. 


Hejmmg of tho mw BaKn — The crude material is lixiviated and the liquors are 
sometimes boiled dowm to dryness , sometimes the strong hqiiors are concentrated up to 
1'478 whilst the sulphate of potassium is fished out. After coohng, a large crop of crys- 
tals of chloride of potassium forms in the coolers. Tho mother-liquor is separated, 
concentrated np to specific gravity 1‘666, and again run into coolers In three or 
four days a mass of crystals is formed, consistingof a double carbonate of potassium and 
sodium. The mother-liquor, now very rich in carbonate of potassium, is boiled down to 
dryness By redissolving and recrystulhaing, another double salt -with less carbonate 
of potassium is formed, which is then melted in a metal pan and hoded, whereupon 
carbonate of sodium ■with I at. water (Na’CO* H^O) separates, leavmg the mother-liquor 
nob in potassium-aalt. 

M. Billet subjects the vmaese to a distillation process, somewhat similar to that 
which Mr Stanford has proposed for seaweed, whereby he obtains tar, lUuminatine 
gas and charcoal in addition to the ash. The potash is extracted by liiiviation, with 
less loss than in the previous process, and in a state of much greater purity. (See 
Eichardson and "Watts’s Chmnoal Technology, i. [8] 480 ) 

The aggregate quantity of potassium-salts produced &om the beet-root manufacture 
in Europe must be very large, and is daily increasiug. The application of these 
processes to similar waste-products in the manufacture of cane-sugar might he equally 
advantageous ; a process has m fact been patented by Mr Gt. Seymour for Jlons. 
Leplay, for the recovery of the potash and soda &om the saccharme juices of canes or 
beet-root by means of caustic baryta. 


3. Svlghate and Carbonate of Fotassmm as bye-proiuots the nwmfaoiwe of 
Tartano Add. 


The acid tartrate of potassium existing m grape jmea being hut slightly soluble 
in a mixture of alcohol and water, is separated durmg fermentation as a crust on the 
Bides of the casks, and called white or red crude tartar according to the wme from 
which it IS obtained. This being dissolved in hot water, and the saturated solution 
allowed to cool, the surface is soon covered with a eoatmg of fine crystals of the acid 
tartrate which in this state is called cream of tartar. The best kinds come &om 
Italy, Spain, and Erance, and contain on an average from different samples 82'7 per 
cent acid tartrate potassium, 7 6 tartrate of emcium, and 9'7 water {Technology, i. 

these tartars when heated are decomposed, and leave a black mass called “hlaek 
flux, ” consisting of potassinm-carbonatemixed with charcoal j when they are deflagrated 
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witli saltpetre, a white residue is obtained' called “ white flux ; ” consisting mainly of 
potaasium-carbouate. Both of these fluxes are exteusiyely used in assaying metallic 
ores, The tartars were formerly heated in the open air, bU the residue heeame white, 
and then sold as wood-ash. 

The lees of wine, as weE as the yeast, are now used for the piodnobon of carbonate 
of potaasium. After the fermentation of the wine, the yeast or lees is collected into 
one vessel, placed in bags, and pressed , and the cakes are dried and incinerated. 
Great care is required in regulating the fire properly. These ashes, in Prance called 
Cendres gtavclka, are of a very superior quality, very light, porous and white. A simi- 
lar product IS obtained from tbe residue lu tho manufacture of brandy 

In tbe manufacture of tartaric acid half tho acid lu the crude tartar is ueutiuKsad 
with lime and precipitated as tartrate of ealeium Tho neutral tartrate of potassium 
remains in solution, and maybe converted into chloride or sulphate of potassium, by 
means of chloride of calcium, sulphate of calcium, or dilute sulphuric acid. Mr Gatty 
has patented a process, by 'which he obtains the aUcali in the form of a carbonate by 
toeatmg tho solution of neutral tartrate with milk of hme, forcing carbonic aad gas at 
the same time into the liqiud until it is saturated ; insoluble tartrate of calaum is 
formed, and the acid carbonate of potassium, which remains in solution, is evaporated 
and calomed'in a reverberatory furnace 

Waguerproposes to substitute carbonate of barium for tbe lime, and obtains thus inso- 
luble tartrate of barium and a solution of noutral tartrate of potassium, whioii latter 
he mixes with a solution of hydrate of barium. This mixture is boiled and carbonic 
acid p.)sspd through it, until aE the baryta is preoipilated, and tbe caustic potash is 
converted into carbonate, which is then ovaporated and dried. 


II Fbom THU Ashbs of MAiuira BiAtras. 

Tbe value of marine plants as a source of aEcaE has been known from a veiy early 
age; tlio systematic production of the ash of seaweed, called “kelp" in this oounti’y, 
“varec” in Prance, is, however, at least in these islands, of comparatively recent 
OTimn, First regularly pursued in Ireland, it was introduced into Sootland by Mr 
M'Leod about the year 1730. It was at first worked, for its contents of carbonate of 
sodium, at the time when high war duties were levied ou barlEa and salt. At. the 
beginning of tbe present century, tbe value of Highland kelp was twenty pounds per 
ton, and the production of Scotland about this penod was 20,000 tons per annum. 
When the manufacture of soda from common salt commenced, tho kelp fell rapidly in 
value, and, although the discovery of lodme in 1812 opened up a now demand for kelp, 
its production never again reached the above-named amount Kelp and varec are now 
produced solely for their contents of iodine and potassium-salts. 

Tables of the composition of the ash of seaweed are given in Biohardson and Watts’s 
Ckmical Teohnwlngy (i. [3] 601, 602), showing that the 

Potash and soda vary from 15 to 40 per cent. 

Lime „ 3 „ 21 „ 

Magnesia „ 7 „ 16 „ 

Common salt „ 3 „ 36 „ 

Phosphate of calcium „ 3 „ 10 „ 

Sulpbnric acid „ 14 „ 31 „ 

SiEea „ 1 „ 11 

Collection of the Seaweed and imnafacfure of the Kelp . — In Sootland the kolp is 
collected from June to September, and is known as “cutwoed” and “dnftwecd ” The 
cutweed or weed cut fi-om the rocks, is chiefly obtained in tbe Higbluiids from two 
plants called “yeEow-'wreek” and “block- wreck, " the former of which floats in water 
when cut, and lienee, being more easily managed, is more commonly used in tlio High- 
lands than the other which does not float The weed is out only during spring-tides, 
and it is important to dry and burn it before it suffers from rain, as otherwise it is 
apt to ferment. Cutweed yields less iodine and potash than driftweod 

In ScoGand the weeds are burned in kilns on level groimd, 14 to 16 feet long by 
2 feet broad, surrounded by a stone wall 8 to 10 inches high. I'he kiln is kindled 
with diy heath or straw, on which the dried seaweeds ai'o placed, the laying on of the 
weed being done very carefuUy, so as not to allow it to hurst into a flame When tbs 
operation has been m progress from six to eight hours, a portimi of the end ■walls 
IS puEed down and the pdrous ash is worked up and kue.idocl uiitE it melts aud 
runs together, and thus forms the “ floor,” a cake from 3 to 6 inches thick. The wliole 
operation is tl^n procciEod with afresh, a second floor is formed &c up to four and oven 
BIX floors. Tho fused mass is broken up by throwing -wator upon it. 
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In the north-west of Ireland the kelp la chiedy made from dnftweed, which cornea 
in during April and May ; it is burnt m small heaps or holes, at a lower temperature, 
so that the kelp is more porous and much richer than that from the Western Islands 

On the west coast of France, in Normandy and Brittany, esipecially on the shores of 
La Manche, the “driftwoed” has been collected from time immemorial. When the 
weed has been gathered or ont, it is dried, and afterwards put into stacks which stand 
until Jnly or August, when it is burned in round or rectangular pits, which are 
protected on their sides and bottom hy stones or plates. The pits are filled with dry 
weed and set on fire, fresh weed hemg continually added tdl the heat becomes so great 
as to soften and ultimately fuse the ashes. 

These methods however are open to all the objections pointed out some years ago by 
Heinrich Hose, as applying to the older process of incmeratmg plants, the diief of 
whieh are, that, owing to the great heat applied, volatile substances, iodine and potas- 
smm-salts for examplo, are to a great ei.tcnt lost, and that the carbon deoxidises the 
alkaltne sulphates, reducing them to sulphites, hyposulphites, and even sulphides, which 
acoumulate in the niother’«hquor and require a large quantity of sulphuric acid to re- 
convert them into sulphates 

To obviate these objections, yarioiis plans have been proposed, consisting chiefly in 
charring the weeds only slightly before lixiviating, or in subjceting them to a distiUa- 
tion-pi'ocess, whereby tar and lUnmmating gas are obtained, together with a residue of 
ohareoal. This when lixiviated, yields a solution containing 3io soluble mineral con- 
stituents of the seaweed, which are thus obtained with much less loss than by the 
ordinary process. (See Sea-Wised.) 

OomposiUon of the Kdp and Varec . — The differences in the kelp and vareo from 
different localities are very great, not so much however when manufactured atthesame 
place, as tl^ great difference in the eomposition of the ash of the seaweeds, even of 
the same species, might lead one to expect. According to &olfier-Besseyre’s analyses 
of French vareo, the sulphate of potassium varies from 11 to 44 per cent, and 
in one ease fell as low as 2 per cent. , the chloride of po tassium from 12 to SB per 
cent, and in one instance it was only 0’36 per cent , the sulphate of sodium from. 
Oto 3S per cent, the carbonate of sodium from nil to 17 per cent; and the 
chloride of eodium. from 9 to 70 per cent 

ExtracUon of the Salts — ^The separation of the three principal salts contained in 
kelp, viz , the chloride and sulphate of potaesium and the chlondo of sodium, is bused 
on the following facts — 1st. That common salt is nearly as soluble in cold os in hot 
water; 2nd. That chloride of potassium is more soluble in hot than in cold water; and 
3rd. That sulphate of potassium is only sbghtly solublo in cold water. 

The following table exhibits the solubilities of these three salts at 121° and 100° 0. 
’ (64° and 212° F.). 


Salts. 

Quantities dissoWed by IQO pts of water 

at l!f C 

at 100® C 

Sulphate of potassium 

10-5 

27 0 

Chloride of potassium .... i 

32'0 

69'4 

Chloride of aodimn 

36-6 1 

40-0 


It must not, however, be foi^tten that the first solutions of the potassium-chlorido 
render the sulphate less soluble, whereas the sodnim-chloride renders the potassium- 
sulphate more soluble in tlic second lye than in pm-e water 
Li Scotland, the kelp broken into small pieces, is thrown into luige east-uon vats 
containing filters made of straw, dried seaweed, or small atones, and eonueeted hy 
pipes, so that the hquid may flow from one to the other. Water is poured into the 
first vat, filters through into the Becond,and so on, becoming continually more charged 
with the salts, and when saturated is made to flow into an underground receiver, whence 
it is run or pumped into the boilmg-pans. Wlien the liquor in a tank f.iUs to 6° 
TwaddeU, it is run off, and the tank is refilled with fresh kelp At fliist the liquors 
stand at 60° T., but hy the time the last vat is saturated, they fall to 38° T , below 
which strength no hqnors are evaporated. _ The filters are renewed at every fifth 
operation. The exhausted mass, still containmg some kelp, is sold to bottle mann- 
faeturers • 


The kelp-liqnov, from 36° to 60° T , is evaporated in iron pans, and boiled down to 
60° T. ; the salt, which falls in great qn.mtities during the evaporation of tlie liquid, 
is an impure sulphate of potassumi , it is regularly fished out, and thrown into a 
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wooden, vessel, with a perforated hottom. The lt(]uor of 60° T. is allowed to settle and 
run off into a cooler, where the chloride of potaesium ciystalhses out. These crystals 
aro thrown into a basket, and .allowed to dram The mother-liquor is boiled up 
to 68° T., when sulphate, chloride, and carbonate of sodium salt out, and are drained 
in the Same way as before. The liquor is allowed to cool again, and another crop of 
chloride of potassiuin is obtained. The mother-liquors are then run off, treated as 
before, and boiled up to 74° T,, during which operation the same sodium-salts separate, 
and are fished out , the liquor again run into coolers, formshes a tliird crop of chloride 
of potassium. During the evaporation of the first liquor, the panis occasionally fed with 
emaU quautities of fcelp-Uquor, hut during the boiling of the second and third hquors, 
nothing hut the corresponding mother-liquors are supplied. The salts separating 
durms the boiling of the second and third mother-hquors arc sold as kolp-salts, and 
oontam on an average from 9 to 14 per cent, of alkali , they vary very much in 
composition, as the following analyses prove : 


AntHyaea of Kely-saUa (Richardson). 


SQltSr 

. 

2. 



Oarbonate of sodium .... 

1-08 

6 23 

15-04 

23-68 

Ohloride of sodium .... 

80-66 

69-97 

64-69 

4117 

Sulphate of sodium .... 

10-03 

4-70 

16 27 

17 91 

Sulphate of potassium .... 
Chloride of magnesium .... 
Insoluble matters 

7-47 

10-43 

traces 

trace 

Water 

1-80 

8-60 

4-74^ 

18-00. 


100-83 

99-83 

99-74 

100-76 


The first mystaUisation yields about 86 to 90 per cent., the second and third, 96 to 
98 per cent, of pure chloride of potassium, whilst the fourth contains some sulphate of 
sodium. 

In Erance tho varec is sometimas ground, and the lixiviation is conducted in wooden 
tanks, with false (perforated) bottoms, in such a manner that the chlorides of potassium 
and sodium are first extracted, whilatthe sulphate of potassium is obtained in the second 
lye. Fresh water or weak lye is run on the fresh kelp, and thence over kelp whioh 
has already been treated with water, dse,, &c., until the density reaches 1 12 to 1'16. 
These lyes contain large quantities of the chlorides of potassium and sodium, whereas 
the sulphate of potassium is present only in small proportion. The residue is now 
treated smtilaily, until the lyes stand at 1 ‘aS, and contam principally sulphate of 
potassium. 

The lye containing the alkaline chlorides, is concentrated up to 1'338; and tho 
chloride of sodium deposited is fished out, and thrown into wooden hoppers above the 
pan. The salt thus obtained contains chloride and even sulphate of potassium ; to re- 
move these, it le thrown into wooden boxes with folse bottoms, and whilst the lye from 
a previous operation is run upon it, a jet of steam is admitted below the false bottom ; 
tho whole mass is starred, allowed to settle, and the lienor is drawn off. This operation 
IS repeated imbl the solution stands at 1'27, when it is run off, and employed ns above 
mentioned for another portion of salt. The potassium-salts are thus almost entirely 
removed, and the pure sodium-chloride is drained and gently dried. 

To separate the chloride of potabsium, the lye, &ee &om common salt, and 
standing at 1 38, is drawn into coolers, where the chloride of potassium crystallises out, 
the mother-liquor retaining iodide of potassium in solution. 

The sulphate of potassium is obtained from the second washings of tho varec, 
as previously explained. When the lye is evaporated m flat iron pans, the sulphate 
separates in small crystals, which ate dramod, washed with lye, and then with cold 

Tho sulphate and chloride of potassium thus obtained may be converted into 
, nitrate by decomposmg them with an equivalent quantity of nitrate of sodium 

(p 100). 

III. Fbom Sea-waxbb, BraNE-BPEiues, and Sait-mds. 

1. From Sea-water. 

Potessium ocem-s in sea-water as chloride and sulphate to the average amount of 
0'267 pt. in 1,000, The extraction of these salts from sea-water has been carried on 
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hi the south of Friinee for the Inst ten years hyaprocessdeTisodhyBalara depending 
upon the neturul advantages of the elimute, namely a powerftil summer’s sun, and a 
sulficient difference of temperature hotween day and night. The sea-water is first left to 
evaporate during the summer, in shallow ponds or “salt-gardens,” whereby a com , 
siderable quantity of common salt is obtained, mixed towards tho last with sulphate of ; 
magnesium (see Sodium, CHtORinn op). The mother-liquor having a density of 31® B i 
is also passed into a senes of shallow ponds, whereby another crop of common salt 
is ohtainod during the day. and during the night a mixture of sulphate of magnesium 
with a double sulphate of magnesium and potassium. Tho niotbei-liquors from these 
salts are run into other ponds, where another crop of crystals is obtained, consisting 
chiefly of a double chloride of potiissium and magnesium, which when dissolved in 
water heated by steam yields chloride of potassium on cooling (p. 718) 

Tho mixed magnesio and potassio-magnesie sulphates are redissolved and evaporated, 
whereby tho double salt, 6H’0, is obtained, which is used in the mamifuc- 

ture of alum, and for the production of carbonate of potassium by Leblanc’s process. 
The mother-iquor, containing only the Epsom-salts, is worked up in winter. (See 


The salt-works of Eaynas, covering a surface of about 370 acres, yield 
200,000 owts. of common salt 

1.200.000 oubio feet of mother-liquors at 31° B 

20,000 owts. of crystnlhsed sulphate of magnesium, 

summer-salts, g double-salts of |^dium. 

t magnesium. 

1.400.000 cubic feet of mother-liquors yielding lu winter 00,000 owts. of 
sulphate of sodium. 


The produce just described is, however, attended with certain inconvemenoes, the 
■chief of which are tho loss of saline products by infiltration duriug flie lon^ sojoiu'n 
of the concentrated liquids in the salt-gardens, and the redilution of those Squids by 
ram. These inconveniences aro entirely obviated in the improved process of M. 
Merle, which consists m scdtmg down the concentrated sea-water by artificial refri- 
geration. Bor this purpose tho sea-wutor, after being concontrated in the salt-gardens 
to T24 speoiflc gravity (28° B ) — at which degree of concentration it deposits about |tli 
of the sodium-chloride contained in it — is diluted with about 10 per cent, of pure water 
(to prevent too rapid deposition of sodium-chloride m the next stage of the process), 
and passed throng a senes of refrigerators constructed on Cai'ri’s principle (Heat, 
iii, 98), m which the sulphate of magnesium and chloride of sodium are oonverted by 
mutual decomposition into cliloride of maguosium and sulphate of sodium, the latter 
of which separates out. The mother-liquor still containing a considorahle quantity of 
sodium-ohloride is then run into boilers, where it is bouod down to 1"331 spooiflo 
gravity (36° B ), and deposits nearly the whole of tho sodium-chloride The remaiuing 
mother-liquor containing the chlorides of potassium and magnesium, is passed into 
shallow coolers, where it deposits magnesio-potassic chloride, and Hum this tho cliloride 
of potassium is extracted by a process similor to that described on the next page. 

2. Snne-Bjgrmge. 

The potash contamed m these springs has not as yet been extracted on a manufao. 
turing scale. Mar gueritte effects it by passing a current of hydroehlorio acid gas 
through the mothor-liqnoi'^ left after the separation of the common salt. The wholo 
of the potassium, whether it exists in the solution as magnesio-potassie chloride, or as 
sulphate, is then precipitated in the form of cliloride The passage of tho gas is 
facihtatad by keeping the liquid in constant agitation (see Technology, i. [3] 646). Tha 
method is likewise applicable to the preparation of potassinm-chloride from the mother- 
liquor of sea-water, siut-marshes, &c 

The potassium may also be separated from such liquids by taking advantage of the 
action of lime on sulphate of magnesium, whereby the latter is converted into nearly 
insoluble sulphate of calcium. A milk al Kme prepared with a strong solution of salt 
is added to the mother-liquor of salt-works, in sufficient quantity to decompose tho 
sulphate of magnesium. The whole is boiled and allowed to settle ; and the common salt 
is loft to separate from the liquor in the usual salting pans, until the cliloride of potas- 
sium begins to appear, when a small quantity of chloride of sodium and chloride of 
potassium erys^Hises out as the liquor cools When the temperature falls to 140° — 
160° P , the liquor is run off into another cooler, where tho chloride of potassium 
ciystaUises. 
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8. Freparation of Potassmn-clilonde from the Salt-beds of SiassfuHh. 

The ocuurrence of a deposit of magnesio-potasaic chlondo above the rock-salt of Stass- 
furth. near Magdeburg, has been already mentioned (p 607 ). The saline deposit, which 
ie of great extent and thickness, is situated partly m Ao Prussian territory, partly lu the 
Duchy of Anhalt. To the north of the town of StaasfBrt,h, the saline deposits over- 
lying the pure rock-salt have a thickness of 187 metres and may be divided into four 
prinapai layers, the limits of which are however not very well defined • 1. Immediately 
above the pnre rock-salt is a bed 107 metres thick composed of kyora of chlondo of 
sodium interspersed with thin veins of anhydnU, CaSOt — 2 Above this is a similar 
bed 31 6 metres thick, in which the anhydrite is replaced by y)o/yAa/ifc,K^Ca“Mg(aO‘)'‘. 

0 : m this hod also the chlonde of sodium begins to be mterspersed with small 
quantities of magiiesio-potassio chloride. — 3. Kieses ite bed, 28 metres thick, consisting 
of layers of kiesente MgSO-‘.BC*0, altornatmg with layers of m^nesio-potassie chloride, 
the proporbou of laesente bemg greatest m the upper part. Tlie averiige composition 
of tins bed is 66 per cent ciiloi’ide of sodium, 17 kiesente, 16 magnesio-potassie 
chloride, and 2 anhydrite. 

4 Oarnallitc ha, 20 6 metres thick, containing lai’ge quantities of carnaUite 
2KOLMgOP 12H’0, especially in the upper part, alternating with rock-salt and kieser- 
ite Its average compo.sition is 66 per cent cnrnalhte, 26 rock-salt, 1 6 kiesente, and 
4 hyibated chloride of magnesium. It contains also a few tliiu veins of tachjdrite, 
CaOP.2MgCP.12H“0,of^lt»neorpure chloride of potassium, and tuberosities of boraoite, 
3Mg0.B-'0’, often endosing nodules of cainallite or tachydi’itc All the salts com- 
posing this bod are veiy deliquescent. 

The composition of these beds, the most soluble salts occupying for the most part 
the highest positions, leads to the supposition that they have been deposited by the 
gradual drying up of an inland sea or salt-water lake , but their great thickness, and 
tile occasional occurreneo of vems of the less soluble m the midst of the more soluble 
salts, render it necessary to suppose that the waters of the lake were continually 
renewed, either by the products of the solution of neighbouring saline deposits, or by 
the waters of the ocean winch fornierly covered tho plums of Northern Germany 

The percentage composition of pure carnaUite and that of two specimens from Stassfurth 
as determined by analysis — a, by Eaminolsberg (Bogg, Ann miv, 60S); 4, by 
Oesten(!6td.xovin 161) — is given m the following table, also the averago composition 
of the “ potash-salt” supplied to the works for the extraction of chloride of potassium. 


CoIoulatcU Analyses Ai 


SKCl.MgCia imao^ni h 

Chloride of potassium .... 26-88 27 44 24 27 

Chlonde of magnesium . . . , 34 20 35 03 30'08 

Chlonde of sodium . . 4-82 

Chlonde of calcium . . 2 82 

Sulphate of ealeium (anhydrite) . ... . . 1 06 

Sulphate of m.ignesiuni . . . . 

Bemo oxide, &c . 0-14 ) 

"Water . . . . . . 38 92 37 63 36 92) 



16 

20 

26 


10 

29 


100 00 100 00 loo'oo 100 


Tho preparation of chlonde of potassium from the “potash-snlt” depends upon the 
fact that carnaUite forms only in solutions containing excess of chloride of magnesinra, 
so that ivhen the salt is dissolved in hot water, and tho solution is left to cool, no double 
salt separates, but the more soluble chloride of magnesium remnms in aolntioii, 
while part of the chloride of potassium crystaUises out The mother-hqiiors ai-e then 
further treated for the recovery of the remaining quantity. 

The “potash-salt” is first dissolved in cold water, the solution is heated by a steam 
pipe conveying steam at 120°, and continually stirred by reiolviiig arm% to facilitate 
solution , and the liquid, after standing fur ten hours, is decanted from the in.soluble 
matter. The clear solution marking 32° B is completely s.iturated with chloride of 
potassium and chloride of magnesium, and contains also smaU quantities of chloride 
of sodium andsulphate of magnesium It is transferred to aseries of crystallising vessels 
in yvhioh crystals are deposited containing from 60 to 70 per cent chloride of potas- 
sium, a charge of 20,000 kilogrammes of “potash-salt” yielding from 16,000 to 17,000 
kilogrammei, of tins impure ohloride of potassium The crystals are washed with 
water to remove the adhering mother-hquor and the chlondB of magnesium, after wlimli 
they contain 80 per cent chlonde of potassium 

The mother-liquors together with the wash-waters are eoucautrated to 36° B 
Chloride of sodium is then deposited while chloride of magnesium and ehlovKlo of 
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potassium remain in aolution, and as the former is in excess, (ho solution on coolmir 
deposits crystids of artificial earnaHite, which are treated in the same manner as the 
original potash-salt 

The salt deposited during the concentration of the above-mentioned mother-liquors 
contains 65 per cent ehlorido of sodium, 30 per cent, magncsio-potassie sulphnte. 
K''Mg"(SO^)’ 6II“0, and from 8 to 6 per cent, chloride of potassium. By washing it 
on cloth filters, about half the ehlorido of potiissram is removed, and the wash-waters 
are used to dissolve a fi-esh portion of the “potash-salt” 

The mother-liquors remanung after the deposition of the artificial carnallito contain 
30 2 per cent, cliloride of magnesium, 2 6 per cent sulphnte of magnesmm, 0 2 chloride 
of sodium, 2 3 chloride of potassium. They were formerly thrown away, but are now 
used for the preparation of m,igno3ram-salta. 

The chloride of potassium sent into tho market from the Dougins works at Stassfiirtli 
contams 82 00 per cent piiro chloride of potassium, 15 60 chloride of sodium, 0’60 
sulphate of potassium, 0-50 sulphate of magnesium and I 20 water. The last of theae 
impurities is tile most nijrasous in the several applications of the salt 

Other potassium-salts are also prepared at Stussfurth — 1 The ehlorido is converted 
into sulphate by double decomposition with sulphato of magnesium ; but the mode 
of condiioting the process is kept secret. 

2. The sulphato 13 converted into carbonate of potassium by a process analo- 
gous to that of Leblano for tho manufacture of sodio carhonuto (i 792) ; but this branch 
of the manufacture has hitherto been carried out only on a small scale. 

8 Saltpetre is prepared from the ehlorido of potassium hy double decomposition 
with nitrnto of sodium (see Nitiw.tbs, p. 100). (Bor further details see Joulin, 
Bull Soo Ohim, 1S66, i. 323, 401 ) 

The residue left on dissolving the crude potash-salt m water (p. 718) consists of 
20 to 80 per cent kioserite, Mg"SO*H’0, 60 to 76 chloride of sodium, and 10 to 15 
per cent insoluble substaneos. It is used for the manufacture of sulphate of sodium. 
(See SntPHiTBS ) 

rv. Bnoji Feilspau iiro othbu Shioa-Tes. 

Fuchs was the first to attempt tho extraction of potash from the fekpavs and micas 
by calcining them with hme, and then lixiviating tho frit Numerous processes have 
boon published since. 

1. To obtain the alkali as hydra to or carbonate of potassium, Lawrence heats 
the mineral, tluws it into water, and grinds it to a fine powder, which is mixed with 
damp sawdust, pded up in heaps, with alternate layers of straw, and watered now and 
then witli urine or other nitrogenous liquidf! These heaps are allowed to ferment 
during six months, then mixed with thick cre,im of hme, and made into bricks which 
are cideined at a high temperature. On Ibdviation, the potash dissolves, whilst the 
sdioate of calcium remains behind as residue. 

In Hack’s and Meyer’s processes, whieh are similar to each other, an intimate mix- 
ture of 100 pis. of felspar and from 139 to 188 pts of hme is heated for some hom'S 
at a temperature between a bright red and white heat, then ground to powder, and boiled 
from two to four hours undar a pressure of eight atmospheres ; a caustic Ive free from 
lime and eontaiiiing all the soda and from 9 to 11 per cent of potash (of the weight of 
the mineral) is thus ohUined. This lye is saturated with cathomc acid and evaporated, 
during which alumina and silica are first precipitated, after which the carbonate of 
sodium salts out, leaving the carbonate of potassium in solution. 

F 0. "Ward uses fluor-spar together with lime, and when the residue is to ho 
employed in the manufaetnre of cement, adds a clay rich m alumina. Tho proportion 
of fluoride of oalouim he recommends to be about 7 or 8 per cent of tie mixture, which 
is then calcined in a reverberatory furnace at a bnglib red boat, after which the mass 
IS hxmated in tho usual manner; the iquor is boiled down, fiieed fimm tho silica 
(about 26 per cunt ) which precipitates on treating tho liquid with carbonic acid, 
leaving carbonate of potassium m solution. 

2 To obtain the alkali as sulphate or chloride of potassium, Tilghraan 
mixes 2 pts. of felspar (containing 16 per cent, potash) with 1 pt of lime and I pt. 
of sulphate of calcium or barium ; grinds the whole to a flue powder , and heats the 
iiitiraato mixture to blight redness for about eight hours, without fusion of the mass. 
The atmosphere ot tho furnace has to bo carefully preserved in an oxidising condition 
by the admission of a sutSeient quantity of aar Tho mass is thou repeatedly Uxinated 
with hot water, and the solution of sulphate of ;^ota‘’Bium is evaporated (the sulphate 
of calcium or bariiun lyhicli deposits, being continually removed) To obtain chloride 
of potassium, ground potash-felspar and the ehlorido of either sodiunt, caloinm or iron 
is heated fpr about six hours to bright redness in an iron cylinder, the heat bomg so 



720 potassium-salts. MANUFACTURE Of/ 

regulated as to be above the welting point of the ohloride employed, hut below that of 
the felspar; the charge is raked into an iron vessel and immediately covered, until 
quite cool ; the mass is then lixiviated, and the chloride of potassium obtained ftom 
the solution in the usual maimer 

3. To obtain the alialias potasb-alnm, Sprengelmixed the finely-ground mineral 
wltli strong sulphurio acid to the consistency of a thin paste, and left it thus for two 
months ; on bitviating the mass mth a large quantify of water and evaporation a 
pure alum of the usual crystalline foim was obtained. Turner employed sulphate 
of potassium instead of sulphurio acid, and mixed the ground felspar with its own 
Weight of the sulphate This mixture was thrown on the white-hot, ineiuied bed of 
a reverberatory furnace, and to the glass, which forms and flows to the sock of the 
furnace, carbonate of potassmm, equal in weight to the sulphate used, was gradually 
added. This operation was repeated until the sock of the fimnace was flUed with glass. ' 
On boiling this glass with water, two-thirds of the silica m the felspar, in combination. 
With part of the potash, was dissolved, and a porous mass was left, which, when boiled 
with dilute sulphuric acid of specific gravity 1-20 m leaden pans (160 lbs, of dry acid to 
every 2851bs of felspsr), yielded a solution, which when concentrated, produced crystals 
of alum. To obtain carbonate of potassium from the above silicate of potassium 
liquors, they are treated with carbonic acid to precipitate the silica ; to obtain caustic 
potash the same liquors are filtered through a bed of lime, which retains the silica 

None of these processes have however yet been earned out on the manufaotunng scale , 
so that hitherto the rmnieuse stores of potash in the alkaliferous rocks have been only 
indirectly available for the purposes of mdust^ namely through the medium of plants, 
which extract the potash from the soil Mr. Ward’s process, called the “ oalcifluorio 
attack,” seems however to hold out the best promise of success. The addition of 
fluor-spar greatly facilitates the decomposition of the silicate, and enables it to be 
effected at a temperature lower than would he necessary if lime alone were used ; 
moreover the process yields the allcali at once in the caustic or earboniitod state, 
whereas in moat of the other processes in which an acid material has been added to 
facilitate the decomposition, the alkali has remained in combination with the acid, re- 
quiring a subsequent process of separation. 


V. Potash vhom "Woot,. 


It is wall known that sheep draw from the land on which they graze a considerable 
quantity of potaah, which, after eu’oulating in their blood, is excreted from the skin 
with the sweat. Chevreul pointed out that thia peculiar compound, which the Preuoh 
call “ suint,” forms no lees than a third of raw merino wool, from which it may be 
readily dissolved out by simple immersion in cold water In ordinary wool it is less 
abundant, and according to MM MaumenA and Bogelet, the potassic sudorate or suint 
of ordinary wool forms on the average about 14 per cent of the raw fleece This 
compound is not a soap, as was formerly supposed, the grease of the wool (about 8^ per 
cent ) being in fact combined with earthy matter, chiefly lime, as an insoluble soup. 
The soluble sudorate is, according to Maumeni mid Bogelet, the potassiuin-salt of a 
peculiar animal acid containing nitrogen 

Maumend and Bogelet recover the potash from this compound on a manufacturing 
scale The wool is placed in casks, pressed down as much ns possible, and cold water 
is poured over it No greasy particles escape with the brown solution, and all sand, 
&o IS retained by the wool, wlueh acts like a filter The solutions (of specific gravity 
110) aro boiled down to drynoss , the sudorate, which has the appearunee of baked 
molasses, is broken into lumps and calcined in retorts. _ The residue is lixiviated, and 
the liquors boiled up to 30° and even 60° B. The chloride and sulphate of potassium 
crystallise out on coohng, and the mother-liquor, when boiled down to dryness, yields 
carbonate of potassium, free from soda. 

The prodneiaon is generally 140 to 180 lbs. of dry sudorate of potaBaiiun, or 70 to 90 
lbs. of pure carbonate, and 6 to 6 lbs. of sulphate and ohloride of potassinni ftom 
every 1,000 Ihs of raw wool. (See Hofinann's on tlie Qhmwal Prodvets in 

the Interncitional of 18^2, p. 42.) T B 

POTATO, Bolanwm, tulemum . — Botatoea (the tubers) cont.dn, according to 
Eenneberg, Ann. Oh. Bharm. box. 336), 0 34 per cent nitrogen, and 76 80 per cent 
water. A white vanely analysed by Grouven (Jahresb, 1857, p 620) exhibited the 
following composition- a, when grown with mineral manure, 6, with manure rich in 


Water. Starch Protein Ouniy Sugar 
substance. Bextrlu. 

a. 76 40 14 91 2 17 2-34 0-16 

b. 76-20 16-88 8 60 1-29 1-11 


0 29 
0-31 


1-00 

0-90 
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According to J. J". Pohl (Wian Akad. Ber. riii. 42; Jahrasb. 1852, p. 811), the 
percentage of dry sttbataucc and of Btareh in potatoes varies with their specific gravity 
as follows ; — 


Spooitto Dry Eubatanca Staroh In 
gravity. m 100 pta. 100 pta 
1'090 28-84 16 38 

1-091 24-09 16-81 

1-093 24-67 17-11 

1-094 24-98 17-62 

1-099 26-93 18 43 

1-101 26-45 18-98 


SpactSo Dry aubatance Starch in 

gravity to 100 pta. 100 pta. 
1-106 27-64 20-05 

1-107 27-97 20-46 

1-108 28 10 20 69 

1-110 28-99 21 82 

1-118 29 60 21-95 

1-123 31-64 24-14 


Sec also Lndersdorff (Dingl. pol J bcv. 48), and Von Balling (0 o5j-m«^scAwim, 
ii 64, and SnppL, p, 43 , also A. V ogel (Ohom. Oontr. 1862, p 334) 

A ready method of determining the overage specific gravity of a sample of potatoes 
is to throw a number of them (6—12) into a strong solution of common salt, and dilute 
the bquid with water till some of thorn emk in it, while others float. The dilute salt- 
solution has then the mean spaeifle gravity of the sample, which may accordingly be 
determined by the hydrometer. (Bresenius and Br. Schulze, J. pr. Ohem. li. 
436 ) 

On the nutritive value of potatoes, as compared with the tuhers of other plants, sea 
i. 380, 844 , 11. 710. 


Aeh of Potafo-tuberi (T. J. Herapath, Chem. Soo. On. J. ii. 4) 



'•White 

Apple.’» 

bMWy!’* 

* Axbrldge 
kidney.” 

“Maggia” 


Ashm 100 pts. of the 

Ash-constituents : 

A. Soluble: 

Carbonic anhydride , 

Sulphuno anhydride . 

Phosphoric anhydride 

Potash 

Soda 

Chloride of sodium . 

B Insoluble; 

Calcic carbonate . . . 

Magnesic carbonate . , . 

Calcic sulphate .... 
Trioaloio phosphate . 

Tnmagneaic phosphate . 

Basic feme phosphate . 

Silica 

Soluble in water, per cent. 
Insoluble „ „ 

1-30 

4-82 

1-06 

3-83 

1-27 

4-38 

1 09 
3-46 

0 88 

3 97 

21-06 

2- 77 
6-72 

68-47 

trace 

0-84 

8-68 

3- 36 

9 26 

16-67 

4-94 

8-92 

54-17 

2 06 
0-27 

0 68 
12 30 

trace 

21-40 

8-24 

3-77 

66 61 
trace 

3-02 

1-26 

0-12 

3 83 

7 65 
0-06 
012 

18-16 

6-60 

6 67 
W-73 

1- 96 

2- 66 

6 37 

3 64 

13-33 

0-78 

1143 

63 03 

2-09 

2-29 

0 67 

2 86 
7-62 

100-00 

100 00 

99-98 

99-68 

100-00 

83-02 
16 98 

84-70 
16 30 

84-02 

16-96 

86-18 

13-42 

86-66 

13 34 


See also analyses by Gt- B. W alz (Jalircsb 1850, Table C. to p. 661). Bor a 


354; Jahrasb. 1849, 
The following table exbibi 


1 686): «lso O. Kemp (Chem. G , 

bits the amonut and composition of the ash of the stems and 
tubers of the potato, as determined by Way and 0 geton ( Jonmel of the Eoyal Agri- 
cultural Society, m [2] 629 , Jahresb 1880, Table C to p. 661) ; also of the tubers by 
J Moser (J. pr Chem ba, 321; Jahresb. 1863, p. 680), and by Sehulz-Blcoth 
(Pogg Ann. xoii. 266 , Jahresb, 1 864, p. 666) , also by the latter, of the peel cut fiom 
boiled potatoes ; of the residue (impure ceUulose) obuinod by washing the finely-ground 
potatoes on a sieve with water ; and of the dried juice obtained by washing the gronnd 
tubers with water, filtering qiiiekly, heating the hqvud to coagulate the albumin, 
separating the clear juice therefrom, and evaporating. 
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From e-rpai'iinraits marie liy Nrigoli and Zollor on tlio g^o^vtll of pofatocs, Lieliiff 
(Ann. C!i. Pharoi. ex^ix. 287) cnneludos tluit m a aoil containing the averago amount of 
nitrogen, ammonia may bo dispensed with as a constituent of the manure for potatoe.H, 
without impairing tlio crop ; that for a soil rich in potash, tho addition of phosphates 
is absolutely necessary, and m a sod poor in poLish (hut containing a sufflcioiioy of 
phosphoric acid) tho addition of wood-ash is eRsiuitinl in order to ensure an increased 
production of the tubers. These experiments also sliowod that when potatoes are grown 
under otherwise equal circuinstauues. in peat, oitlicr in il.s natural state or luaniired 
with phosphoric acid and ammonia, two-tliirds of tlinm hee.irao putrid, whereas 
those grown in peat mixed with alkaline idiosphates, earhomite of piotnasium, and 
gypsum were perfectly free from disease. 

The juice of potatoes contains iisparagin and malic acid (Hirseli, Ann. Cli. Plmrm, 
11. 248 ; Ludwig, Ai'ch. Phann. [2] eiii. 10; Jahre-sh. 1861, p. 740) Tho aqueous 
extract of tho tubers contains a glueosido soliiblo in alcohol (Ludwig.) 

On the potato-disease, sea J.ihraab. 1817 — 48, p. 1105; 1840, p, 704; 1850, p. 642, 

tOTATO-TAT, Prosli imtatoes contain, on tho average, 0‘73 per cent of fat 
cxtraetahle by ether, about half that quantity, but of different constitution, exi.stiiigin 
tho peel. Wlien tlio jiuco of brliwcd potatoes, from which the starch has settled 
down, is heated to hniling, albumin and fat separate out, and tlio latter may bo 

extracted by ether Peeled potatoe.s thus treated, j ■” e ‘ '' If-coloiirod 

solid fat unpeeled potatoes a dark liquid fat By i l .• solution, 

there are obtained from peeled potatoes : <r. White, • ■' .'hichturn 

brown at 270°, without molting, are not saponifiable, resomhlo stiberin, and contain, 
on tho average, 71 34 pee eeiit. 0, 10-8 II, and 15 08 0. 

b The mother-liquor leaves when ovapoiutod a yellow buttery fat, eonsisting of a 
mixtiiie of fatty acids, free from glyeorides, and easily soluble in aqueous eiivboiiate of 
sodium. This fat melts at 42'6°, contains hetwoon 70'6 and 7i>'8 percent. 0, 10'7 and 
11-7 II, and alters quickly m contact with tlio air. By saponifiettlion, decomposition 
with hydroehlorio acid, and snliitinn in aqiieoits alcohol, it yields crystals of fatty acids 
melting at 52°. On dissolving theso in aieohol, and mixing the solution with a small 
quantity of noutr.il aeotato of lead, Ihiii lamina! crystalliso on cooling, from which an 
acid melting at 50° may bo soparatod. The mother-liquor mixed with a largo iiuantity 
of neutral acetate of lead, yields tho load-salt of an neid melting at 68°. Tim acid 
melting at 60°, Bichhorn's iolanosimno acid, is difllcult to eryslallise , its silver-salt 
contains 61'06 per cent, 0, 8’80 11, 6'08 0, uiul33Tl Ag°0, agreeing npproxiniulely 
with tho formula 0'“II®“AgO* This, or a similarly constituted acid (73-70 per cent. 
0, 12-62 II, and 74-03 0, 13-09 H), is hkowise obtained Iiy the ilistilhitioii of potiito- 
&t. It IS, according to Hoiiitz, a mixture of palinitio and inynslic aciilB. 

0. Unpeeled potatoes, cut in slices, dried at 100°, pulverised and oxliaiistad with 
alcohol, yield, after evaporation of the alcohol, an extract, from which other dissolves 
a hro-wn syrapy fat. On dissolving this in potaah-loy, separating it out again with 
acid, and mixing it in alcoholic solution with ainmonia and ehloi-ido of Imrnim, luriiim- 
salts of the abovo-mentinned solid fatty ncids are precipitated, while Eielihorn's mhm- 
oleic acid i-omains dissolved, and may be obhiincd by oviiporalion as a viscid h.irium- 
salt, from which alcoholio hydrochloric iicid separ.ib-s tho acid still eohnu-ed brown. 
Tins soliinoloio acid is not converted into claidie acid ly nitrous acid, and is but piir- 
tially, or not at all, jireoipitiited from its alcoholic solution by aieohol le neiitral iiciitato 
of lead It occurs also, though in smaller quantity, in tho fat of peeled potatoes. 
(Eioliliorn, Pogg. Ann. Ixxxvii 227.) 

POTATO FTfSSlX.-OIX. See Fusiit-oii. (ii. 753). 

POTSTOWB or Lapis idlam, A term .applied to the eoanser granuhtr varintios of 
steatite, of dark colour, ami more or less impure. 

POTTER’S CI.AY. See Ci.AV (i. 1024). 

POTTEBTr. See ITre's Viclionarii of Arts, Manufactures and Mines (iii 
486-509). ^ 

POtTIfXA. Syn. with Bouax. 

POITBPRItE. a blackish-red colouring matter contained in (he sediment ot 
old wines. It is insoluble in water, sohiblo in strong snlphiiric neid, and is precipitated 
therefrom on addition of water; soliiblo in 160 pts, of aieohol of HO per cent.; less 
soluble in stronger aieohol, quite msoliihlo in other. (Hatilliat, Traiti sur les Bine 
de la S'rance,) « 

PQ-WEEB. See GuNTOWiinit 

POWEBB OP AEGABOTH. Brueiiiitated o-vvehloride of niilimniiv fi. •.W!\ 
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^OZZtroSiAWa.. Tossolana. Fuesolana —A. voloamc product oeeiraing near 
Pozzttolx between Eome and Naples; also m other countries in the neighbourhood of 
extinct roloanoos, in the Auvergne district for example. . It is a grey or yellowish- 
brown mass, having a fine-gramed or earthy_ fracture, and forms one of the best 
materials for mixing with hme for the preparation of hydraulic mortar, for which pur- 
pose it was used by theBomana. The Italian pozoiolana contains, aaoording to Bar- 
thier, 44 6 per cent, sdica, Ifi'O alumina, 8'8 hme, 4'f magnesia, 12'0 feme oxide, 
1'4 potash, 4 1 soda and 9'6 water. 

PRASE. A leek-green varieiy of massive quartz 

PRASEOCOBAXiT. When dryroseo-cohaltie sulphate (i. 1053) is slowly heated 
to the melting point of lead, till it acqnires a purple-Hlao colour, the residue then 
dissolved in hot water, and the purple-red solution mixed with excess of hydroehlorio 
acid, an orange-coloured precipitate is formed eontammg luteo-cobaltio sulphate and 
chloride, while the Bupeinatant liquid contains luteo-cohaltie and purpureo-cobaltie 
chlondes, together with a leek-green crystallisahle salt, the base of lAich, not yet 
examined, is designated by Gibb'S and Geuth (Jahresh. 1867, p. 237), as praseo- 
oohalt 

PR ASBOXiXTB. A hydrous dichioite from Btdkke in Norway (li. 821). 

PRASIir. A cupne phosphate from libethen m Hnngary, chemically identical 
with phoaphochalcite (p.*061h (Ohurob, Ohem. News, x 217; Jahresh. 1864, 

p. 862.) 

PRASOCBROMB. A dull green incrustation consisting of calcic carbonate 
coloured by chromic oxide, formed on the island of Seyro by the alteration of chromio 
iron. (Landerer, Nana’s Mnwafogy.p 801.) 

PRECIPITATE. This term is apphed to anpi solid matter separated from a 
state of aoliitioa by the action of heat, light, or ohomical reagents, in contradistinction 
to a deposit or sediment, which consists of solid matter merely suspended m a 
liqiud, and settling down when left at rest. Nor the methods of ooUecLing and washing 
precipitates, see Dhoantatioh (u. 308), and NiLTBAtroN (li. 648). 

PRECIPITATE, 'WHITE. A pharmaceutical name of certain ammoniacal 
chlorides of mercury, chloride of morcmummoniirm, Hg"H’N®01“, being called fusible 
white precipitate, and chlonde of dimerourammonium, itfg'H'N’CP, infusible 
white precipitate (ni 916). 

PRECIPITATE, RED. Bed oxide of meioury. 

PREDAZZITB. A kind of hitter spar mixed with hruoite from Predazzo in the 
Southern Tyrol. Hardness = 6. Specific gravity = 2'634. According to J. Both 
(J. pr Ohem. lii 346), it contains : 

CO» CaO, MgO FeOS APO*. SIO». H»0. 

a. 27-46 33-53 23'27 2 88 3'28 10'26 =. 100'68 

b. 83'36 46'67 14-64 0'48 6 96 = 102 


a may ho represented by the formula Ca”C0M!Ig"H®0“ ; b, by 2Ca"00Mrg'’H*0*. 
(Dana,ii. 467.) 


Na'^O, 0-84 BeO, 0-62 CaO, 0 _ , __ 

deduces the formula 2 I SiO® 3(2A1’0'' SSiO"), regarding the other constitu- 

ents as adventitious. Kenngott, on the other hand, regards the water as essential. 
According to Bammelsbegg, the mineral 13 probably identical with the paragonite 
of St, Qothard, which contains 46 81 per cent SiO* 40 06 APO®, with a trace of ferric 
oxide, 0 66 MgO, 1 26 CaO, 0 40 Na*0, with a trace of potash, and 4-82 water. 

PREHHXTE. KmipJioUte. Edelite. Chltomte. — A hydrated silicate of alumi- 
nium and calcium, oeeurnug in trimetrie crystals, having the axes a-, b' o = 0'66963 
;1 1'19036 ^gle coP • coP = 96° 66' , oP Poo «= 146° 11^'. Ordinary combi- 
nation ooP . ooPoo . ®Poo . 6P«, oP; also with 6F, 2P, fPoo and fPoo. Cleavage 
basal, distinct The mineral occurs also reniform, globular, and stalaotitic, with a crys- 
tiillme surface, imperfectly columnar or lamoUar structui'e, and strongly coherent , also 
compact granular or unpalpahle. Hardness i= 6 to 6'6. Specific gravity = 2'8 to 
2’953. Lustre vitreous, pearly on the basal faces Colour hglit-green, passmg into 
white and grey, often fading on exposure; streak unooloured. Subtransparent to 
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BubtratiBlueent, Fracture uneven. Somewhat brittle. Pyroolectric. It gives off 
water when heated and melts before the blowpipe to a white or yellowish glass. 
Many varieties (koupholite) blacken when he-itcd, and give off an empyrenmntic odour, 
but ultimately burn white. It is slowly attacked by hydrochloric acid, but golatimscs 
easily therewith if previously ignited or fused. 

Analyses.— a From South Africa (Klaproth, Eammelsber^s Mincralcliemie, p. 
782 ). — b From Mont Blanc Koupholite (Walinstedt, Berz. Jaliresb. v. 217). — 
c. Bourg d’OisauB in Dauphiuy (Regnault, Ann. Miu. [3] xiv. 154), — d. Dumbarton 
near Glasgow CWalmstadt). — a. Edolfora in Smainnd; JEddiie CVValmstedt). — 
/. Badautlial in the Harz , in gabbro (Amolung, Pogg. Ann. Ixviii. 512 ). — <;, Pio des 
los Cipreses, Chile (Do meyko, Aim. Min. [4] ix 3 ) — k Niederkirchcn, in Rhonisli 
Bavaria: in the form of analeiinp (G. Leonhard, Pogg. Ann. liv. 470). — t. From the 
same locality, in the form of laumontitu (Blum’s Zcan/midzie) (Leonhard)- 



These analyses, noglooting the first, agree nearly with the formula 2(Ca"O.SiO*). 
A1®0“ SiO’ H’O, which requires 44-28 per cent, silica, 24-00 alumina, 20 82 limo and 
4*80 water 

Prohnito occurs in granite, gneiss, and trap-rock, especially in the last It was 
first found at the Cape of Good Hofio by Colonel Ptelin. Himdsomo polished shibs of 
it have been out from masses imported from Oluiia. It somctiiucs occurs ultercd to 
green earth and felspar. (Danu, ii. 314.) 

PREKKZTOXXi, A luiiioral oxtoriudly resembling prohnite, oeeiirring in the 
horiiblcnde rock between Kmgsborg and the Solliorg in iSweden. It melts iiefovu tlio 
blowpipe to a wlute oimmol, and is easily attacked iiy acids. Contains, uecording (o 
Blomstrand (J pr. Chem. Ixvi. 157), 5G-00 per cent, siliea, 22*40 altiinnia. 1(11 
ferrous oxide, 0-18 manganous oxido, 7‘70 lime, 0 3C magiicHiu, 10 07 soda, 0-4(1 iiotasU 
and 1 04 water (= 00 30). 



RRIIHUIiIW. A erystalh'sablo substanco obtained from the root 
Pnmula vms. (Hii n e f o I d t, J. pv. C'hom. vii. 53.) 


of tho cowslip, 
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PRINOS'S ittBTAli, An alloy of copper a,n(i zinc (ii 47). 

PR^WTIKTC, CHBWtlOAl. Under this head vre shall _ treat of certain 
modes of printing depending on chemical action, namely lilhograpluo and zineographio 
printing. 

Uttiograptiy (from Xlflor and ypd^eiv) is the art of drawing on stone ; and litho- 
graphic printing is the taking of impressions from such drawing Its myention is due 
to ijois Sennefelder, who was bom at Prague m 1772. but practised Ins art chiefly 
in Munich. 

The stone used in lithography is a fine-grained limestone containing about 97 per 
cent, of caloio carbonate, with small quantities of sdica, alumina, and oidde of iron. 
These stones are found in considerable quantity along the hanks of the Danube, near 
Pappenhoim ; the best qualities are procured from the quarry of Solenhofpu. They re- 
semble in their aspect the yellowish-white lias of Bath, they should be free from veins, 
fibres and spots, hard enough to be aeratcbed only with difficulty by a steel point, and 
splinters breaking from them should exhibit a concboidal fracture. To render a stone 
fit to receive a draiving, its surface is ground with fine sifted sand and water. 

The drawing is made with a crayon i ’ ” composed of soap, wax, 

and tuUow.with a quantity of lamp-bh • i dark tint How when 

traces are made on the stone with this soapy compound, a double decomposition appears 
to take place between the oleate and stearate of sodium in the soap and the carbonate of 
orioium, resulting m the formation of oleate and stearate of calcium and carbonate of 
eodmm The fatty calmum-salts thus produced arc insoluble not only in water, but 
likewise in oils, both fixed and volatile. 

The drawing bemg completed, the stone is prepared for printing by a process called 
“ etching,” which consists in floating a mixture of gum-ai'abio and dilute nitric acid 
upon it, whereby the portions of the surface untouched by the greaao beaome covered 
with an insoluble compound of gum and lime. The action in this part of the process 
IS somewhat obscure, but it is probable that the nitrio acid dissolves the superficial 
paificles of the stone, and the resulting solution forms with the gum iin ineoluble gum- 
mate or metagummate of calcium (it 984) One thing is oettam, th.vt the gum becomes 
firmly fixed on the stone, and cannot be removed even by repealed washing with water. 
The nitric acid also acts upon the chalk by laying hold of the alkali, and setting the 
fatty acids free. 

The stone thus prepared is next washed with water, to dissolve off the excess of 
gum and the nitrates of sodium and calcium, and afterwards with oil of turpentine, 
which removes tbo excess of grease from the drawing and renders it nearly invisible. 
The fatly calemm-salts formed by the action of the soap on the carbonate of calcium, 
are however insoluble la the turpentine and remain untouched ; and on subsequeutly 
wetting the surfaee of the stone with water, and passing over it a roller covered 
with printing ink, composed of linseed oil and lamp-black (ni. 273), the ink adherfaa 
to those parts of the surface where these fatly salts are situated, while the remainmg 
portion, which has been uotod on by the gum, does not take up the printing ink, be- 
cause the fatty acids of the linseed oil are incapable of decomposing the compound of 
lime and gum with which those portions are covered, and mechanical adhesion is pre- 
vented by the film of water on the surface. The drawing is thus brought to light again 
with aE Its original distinctness, and impressions of it may then be taken off on papor 
by passing the stone under a proas. 

This view of the lithographic process represents it as depending altogether on aserios 
of chemical actions. It is, however, more commonly supposed that the fatty matter of the 
lithographic chalk simply adheres to, or is partly absorbed by, the porous surface of the 
limestone , that the parts thus penetrated readily take up the printing ink . and that the 
adhesion of the mk to the other portions of the surface is prevented by th e interposition of 
a film of water. But if this explanation were correct, a plate of alabaster, or sandstone, 
or porous earthenware, or any otiiev stone capable of receiving a granular surface, ought 
to be available for hthography as well as limestone, whereas it is weE known that 
carbonate of calcmm is the oidy kmd of stone that will answer the purpose : moreover, 
the meolmmcul theory of lithography takes no account of the peculiar action of the 
gum, which appears to be an essentiiE feature of the process 

Any kind of fine-gramed Emestoue maybe used for hthography ; marble wiE yield 
impressions when treated as above, but its erystaUme structure prevents it from 
taking the proper grain. The preference given to the stones of Solenhofen and 
the neighbouring loeaEtics is owing to the closeness of then- texture and to thoir 
occurrence m slabs of every required thickness parted by regidar seams, which 
renders the quarrying comparatively easy stones requiring to be sawn into slabs would 
be too expensive. 
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"Wo now proceed to giva a short account of the varions motliotls of writing or draw- 
ing npon stone intended to print from. 

Ohalk drawings are executed on a stone to which a granular surface has hnen 
given with a solid pencil (lithogriiphie chalk), the active pai’t of which consists, as 
already mentioned, of grouse, or oleic and steanc acids. This chalk can bo modified from 
hard to soft in different degrees, to allow of its being cut to a fine point, or in the 
softer state, to be used with cloth or leather stumps ; it may also he dissolved in spirits 
of turpentine or alcohol, and applied to the stone with a brush 

Lithographic ink is but a modification of the chalk, made to flow more easily 
when dissolved in water, being intended to he used with ilne steel pens or fine sable 
brushes, that will draw a hair lino In a pen and ink drawing these linos must be solid, 
that is drawn with the ink in its fullest density consistent with freely flowing from 
the pen; the same with the fine brush. The ink can also bo dissolved in different 
degrees of density to produce with larger hmslios, lighter or darker washes or tints. 

The solid chalk or lajuid ink may alto he passed over the whole turfaee of a stone, 
so as to render every part at tractive for printing ink, and the dmwing is then worked 
cut from the black by removing the chalk or ink with a slurp point tliat will make 
white lines (exposing the stone), or with n flat scraper, which on a grained surface will 
produce a gradation of tints. 

Engi amng on siimr . — The stone when polished is first rendered non-attractivo for 
grease, by preparing the surface with a BolvUion of guia and nitric aciil, and when it 
IS dry, the lines are out thiongh this prep.iratioii with .i sharp needle or diaitioiid 
point, thereby the natural stone is exposed , oil or otlier f.it is then made to eiitiT the 
cut, rendering the line attmetivo for the printing ink, uliereas it can lie wiped off from 
the rest of the surface. The .stone cun alsu he drawn upon with a solution of gum mid 
acid, to which some eolourmg matter has been added, to euulilotho draughtsman to 
judge of the effeot. 'Wlicn’tlio drawing is dry, liquid ink or eliiilk is pns,scd ovim it, 
which will render the parts of the surface not covered by the gum attractivo for the 
printing ink. 

These examples will show in how many different ways fatty mutter and gum can 
ho made to oombmo with the lime of the stone, and how the lithographic process can 
ho varied. It is to these peculiar advantages tiuit Sonnet'oldfr'H invention owes its 
wide-spread application, both for cainmorcial purposes and ns one of tlio handmaid* 
of the fine arts. 


Comjioaitmi of Lithigraphio Chalk. 

32 parts of Beeswax. 
i „ Tallow (purified). 

2i „ iSoap. 

I „ Kitrato of potassium, dissolved in 
8 „ 'Water. 

Q „ Lamp-black 

Coinposiiion of Ltihogiaphio Ink: 
for Pens. for Brush. 


32 parts of Beeswax. 

18 „ Tallow (purified). 

16 „ Soap (Marseilles). 

32 „ Shellac. 

4 „ Carbonate of sodium,*’ dis- 

solved in 
8 „ Water. 

6 „ Lanip-bluck, 


1 0 parts of Beeswax. 

10 „ Tallow (purifled). 

10 „ Soap. 

10 „ Slielluo, 

4 „ Mastic. 

4 „ Carbonate of sodium, dis- 

solved in 
8 „ Water. 

0 „ Lamp-black. 


Permanent Liquid Me for Autographic writing: ,6 pts. of so.qi, 8 niastie, 10 shelliic, 
1 rosin, 1 lanip-bhiek, 3 carboniito of sodium (reiideml e.uistie nml dissolved in 4 ]its. 
water) Dissolve the wlinlo in 10 pis. water, adding imiro water if iieeessury to in, dee 
the ink flow easily Aiitograpliic driuuiig or writing is executed on a prepared piqier 
and then tnuisforrod to the sloiio. 


ChromolltbogTapby. Drawing and printing in colours from stone. In this ap- 
plication of the art, tlie plates of IniieHtone offer peeiiliar advimliige.s, e.speei.illj for the 
reproduction of the painter’s work, as the various mudes in wliieh the dr.imiig mate- 
rials, as chalk, ink, gum, &o , can ho applied to tlio suriiiee of the stone eii.ililo tile 
lithographer to Approach very closely the iffeet and handling ot a paiiiling in oil or 
water colour. 
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For the production of a chromolithograph, a succession of impressions is applied 
to B, sheet of plate-paper from a number of stones on which ore drawn in analysis, as 
nearly as possible, the Tarious cohmrs and tones of the original of which the olmomo- 
lithograph is mtended to be a copy. One of the great mffloulties of the process is 
that nearly everything has to be drawn with the ordinary saponaceous blao^a chalk 
and ink 

To copy a picture or drawing, and to make all the different eolonrs con-espond, a 
careful tracing is made with lithographic mk upon transparent transfer paper, or upon 
a sheet of gelatin ; this tracing is transferred to a stone called the " keystone,” and from 
this stone impressions are taken which are set off in the press on as many stones as 
will he required, the niunher varying according to the suWeot, twenty and even thirty 
being foimd sometimes necessary to produce the proper effect. The prmting in colours 
is effected in the same manner, and depends on the same principles, as the production 
of a black hthograpb, the venous pigments bemg ground up with thickened linseed 
od, and the resulting oil-eolonr spread evenly upon the leathern rollers with which 
the drawing upon the stone has to be charged To secure an exact adjustment of all 
the colours, the stone to print from and the sheet of paper to print upon, are accurately 
and securely fixed into a registering frame which forms part of the press. 

Zlnoograpby. Fatty substances act upon zme and other easily oxidable metals 
much in the same manner as upon limestone, forming salts which are insoluble in 
water. A drawing may be made on a zinc plate with the same chalk or mk that is 
used for clrawing on stone, and the remaining parts of the surface may be rendered 
non-attraotive for printing mk in a similar manner, excepting that the solution of mtrie 
acid and gum used for the purpose must he mixed with a concentrated decoction of 
nutgalls. When the plate nas been covered for a short time with this solution, the 
parts not constituting the drawing lose tlieir mctnUie lustre and assume a hrown tint, 
and in that state are incapable of taking up pnntmg mk. The mode of prmtmg is the 
same as from stone 

Other metals give similor results with more or less distinctness ; hut none are 
foimd to ha so well adapted for chemical printing as the stone plates of Solenhofen. 

M. H 

PnoPA l AlirmE. C'H»NO* = MetJudanine, 0''H“(0H*)N0* = Aimdohutym 
and, O^H’(NB:=)0» = Oaybutyramo md, (OWO)"|^. (B. Schneider, Ann. Oh. 

Pharm. Suppl. n. 70; Jahresh. 1861, p. 469 )— A compound produced by heating hro- 
mohutyrio acid with aqueous ammonia. It oryataUises from alcoholic solution in 
stellate or furcate groups of small liimm® and needles, which when diy, yield a dazzling 
white satiny powder, unctuous to the touch. It is inodorous, has a sweet taste, and is 
neutral to vegetable colours. _ It dissolves in about 3 6 pts water of medium tempera- 
ture, IS vary slightly soluble in cold alcohol, and requires 660 pts. even of boihng alco- 
hol to dissolve it; qiuto insoluble m ether. It is not deeomposed by cold aqueous 
potash, hut gives off ammonia abundantly when fused with nydrate of potassium. 
When oautiously heated m a tube, it melts and sublimes partly undeeomposed ; but 
when quickly and strongly heated, it turns brown and carbonises, emittmg vapours 
which have an alliaceous odour and alkaline reaction. 

Propalanme, like its homolognes, umtes both with acids and with bases The hydro- 
cUoraU, O'HWO’.HCl, crystallises m tufts of very soluble, pointed needles ; the nitrate, 
C'H'lfO’ HKO’, infam-like groups of silky needles, easily soluble m water and alcohol, 
and having an acid reaction. A solution of 2 at. propalanine in 1 at. sulphuric acid 
dries up to a viseid mass, hut with twice that proportion of acid, the neutral sulphate, 
(C‘‘H“1}'0*)’.H''S0‘, is obtained in colourless, easily soluble, conoentrioally grouped 
needles, — A lead-compound, C"H'“Pb''N*OM[*'Pb'0*, is obtained as a white, crystaflme, 
sparmgly soluble powder, W prolonged boiling of aqueous propalanine with lead-oxide. 
— The stiver-compound, OiH'AgHO’', obtained in like manner, crystallises on evnpora- 
bau Over od of vitriol in small crystals which are quickly blackened by light, and 
decompose at 100°. 

Schneider thmks it probable that propalanine may occur in the animal orgamsm 
associated with leucine. 

PROPABCVliio STBEB. (Iiiobormann, Zeitsohr. Oh. Pharm. 1864, p. 
748.)— 'When tnbromide of aUyl is digested for some time with alcohoKo potash, the 
alcohol distiUed therefrom yields with ammoniaeal sdver-mtrate a white precipitate, con- 
I regarded by laebermann as the silver-salt of an ether to which 

he gives the above name The silver-compound treated with a splution of iodme m 
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iodide of potasaium, yields an iodated oil, 1 0, from which, by addition of iodine 
and of bromine, the compounds, |o. and |o, may ho obtained. Tho 

corresponding methyl-eomponnda are formed in like manner. 

FSOPKESTin'-RIlsm. A resm obtained from Gueumis Proplictarum. (Sco 
Onomne, u. 172.) 

PBOPION'A.iniDI!. C’H’NO = V tJio action of am- 

mouia on propionate of etliyl. It is decomposed by heating with potassium, yielding 
cyanide of potassium, hydrogen, and carbiu’etted hydrogen J3y distillation with phos- 
nhorie anhydride, it is eonrerted into ey.mido of ethyl or propioiiitrile, Cll^N = 
C“H’NO — H’O (Dumas, Malugiiti and Leblanc, Compt rend, xxv. Gfi? ) 

Hydrochlorate of Pmponaimde, C’H'NO HCl, is obtained, together intli otlier pro- 
ducts, by tbe notion of moist ehlorino on propioiiitrile (p. 736). It forms coloiirlcHS 
oryatals soluble in water and in alcoliol, insoluble in anhydrous other. 'VVhmi lie.ittid 
on platinum -foil, it volatilises, giving off irritating vniionrs. With platinic chloride, it 
yields chloropUtiiiato of ammonium. (R. Otto, Bull. Soc. Glum. 1805, i. 291.) 

PiohloropropionaiMde, C*H“CRNO. — ^Produced, together with dichlureprnpio- 
nitrile, by tho action of dry cblonno on propioiiitrile. On sulijcctiiig tlic resiilliiig 
liquid to tho action of a freoiuiig mixture, the dicliloropropioiiamido separates in crys- 
tals which may be piiriiied hy pressure hotweoii hilmlous paper, crystallisalimi from 
absolute alcohol, and sublimation. It tlioii forms lightiiaereous sealos, soluble iinwitor, 
alcohol and other, melting at 110 6° and solidifying at 80°. Its iiqiieoiis solution docs 
not proeipitato silver-nitruto, It dissolves witlioiit decomposition in ammonia and in 
hydrochloric acid j but on adding platinic clilorido to its solution in absolute aleoliol 
acidulated inth hydrochloric acid, a precipitate of cliloroplaliiiate of ammonium is 
formed, containing the wliolo of the nitrogen of tlio compound, and tlio filtered liixuid, 
whicli has an odour of mint, deposits oily drops which solidify to erystiils, 

IVlien dichloropi'opiomimido is boiled in water with merciirie oxide, the latter 
dissolves, and tho liquid on cooling depr.nta tho cmiipound 20''lBCl'''NO.Ifg"O, iii 
nodules of hard white needles, soluble in boiling water and aleoliol, nearly iiisolulile 
in ether, melting between 100° and 110°. (Otto, l{i5p. Cliim. pare, lii. 267 j Bull. 
Soc Cliim. 1806, i 293.) 

3?R0PlON'B. C»H"'0 = or^^U“|cO.— DiscoveredbyFvemy ill 1836, 

and called by him Meteweiono. It is somctiiiios eiillcd othyl-prupioiiyl, being tlio 
ketone of propioiiio uonl It is formed, together witli otlier jirmliiets, wlieii sugar, 
starch, gum or maniiite is distilled with excess of hiiio, also in tho destructive distill.t- 
tion of liiotate of ciilciiiin 

The following methods of obtaining it are morn precise — 

1. Destructive distiU.ition of certain propioii.ites. c, a , proiiioiiato of barium 
(Morley)- 

2(00 CTI»))^, coif., ^ COC»ir») 

Ba" r Ba"r CWf 

Propionate of Cnriinmite of Proplono. 

2. Action of zinc-ethyl on chloride of xiropionyl (Proiind and I’obiil): 

Zu^OTI')” + 2C“II“OCl =. Zii"CB -l- 2(C‘'ir‘>O.C“n*). 

3. Action of carbonic oxide on sodium-ethyl (Wanklyu) : 

CO + 2NaC=H» = Na= + CO(CW)». 

Bropioiie is a colourless mobile liquid, lighter than water and non-misciblo with 
water, but fi'oely soluble in aleoliol and ether Its smell resembles tliat of aeetoiie. 
Boiling point 101°. It differs from imiiiy members of tho ketone family in not being 
capable of fornuiig a compound with acid siilpliito of Hodiiim, 

According to Morloy, boiling nitric acid converts it into pvoxiionic ueid, thoio being 
neither nitropropionie acid nor acetic acid produced Ai'coriling to Cliiiiiecl, iiitrojiro- 
piomc acid is formed by tho action of nitric acid. Suliihuric iieid and diehinni.Ue of 
potassium oxidise it to propionic, acetic and carbonic neid.s (Crottlieb). It is iianily 
attacked when dropped on potash in a state of fusion, there being traces only of imipm- 
nate of potassium fSrmod (Gottlieb). Propiono is isomeric with valeral. luit iliffers 
from it ill its reactions. Tliihke valeral, it gives no coiiiiiouiid with ulkahiie sulpliites 
and no valerianie acid when oxidised. J. A, W. 

PROPXOH'IO ACID. Mctucetonii: acid, /iVAy-ybmie ««</, t°ll"0=. — Tho third 
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aeid of the fatty series, discoTered by Gottlieb m 18i-l among the products of the 
action of caustic potash on sugar. 

This acid is of little importance as a natural product. It is contained in crude 
oil of amber, also in cocoa-nut milk after it has turned sour, and m the distillate from 
some of themnes of the Bergstrasse (Gm. ix p 402)_. Bdohamp (Compt. rend, 
hv. 114:8) has found it in spoilt mne, together with acetic and lactic acid. 

1. It is of interest as being the first oigame acid, or indeed orgamo compound, 
obtained directly from carbonic anhydride Carhomo anhydride and sodinm-ethyl give 
propionate of sodium (Wanklyn, 1868) 

CO.G=H'K 


CO* + NaG'H* 


Na 


0 . 


2 It stands m intamato relation to lactie acid, being related to that aeid in the 
same manner as acetic acid to glycoUie acid In order to render the connection 
between these compounds inteHigihle, the following formulae are convenient. — 


IIS! , 

Propionic acid then is lactic acid m which one atom of peroxide of hydrogen has 
been exchanged for one atom of hydrogen. And laetio acid may be converted into 
propionio nuid by first replacing one atom of its peroxide of hydrogen by chlorine, then 
replacing this eldonne by means of nascent hydrogen (Ulrich) : 

Lactic acid. Chloroproplonlo acid. Propionic 


C>- 


o-k 

Iho 

s converted into propionio acid. 


l(iol I (HO) 

By using hydriodie aeid, lactic acid may he at i 
(Lautemapn.) 

8 A third gene _ 

double decomposition between cyanide of , , , _ _ _ _ 

formation may he offoeted either by boiling tlie cyanide of ethyl with potash ley 
(Dumas, Malaguti and Leblanc), or with a mixture of 1 pt. of oil of vitriol and 
2 pts water (Prankland and Kolho) Both these reagents cause the cyanide tc 
decompose water 

0"H»N + 2H’*0 = C«H«OH.O + NH'. 


Chloride of propionyl and water give propionic acid 
6. A fifth general reaction is the oxidation of propionic aldehyde, which thereby 
becomes propionic acid : 

C.H.O| , , ^ CH-Oj,. 

It is worthy of remark that acetone, which is isomeric with propionio aldehyde, does 
not give propionic acid on being oxidised (Dumas and Gottlieb). Bromaostoue, 
however, is converted into propiome acid (or perhaps isopropionic acid) by oxide of 
sUver in presence of water 


2C”ffBrO + Ag»0 + BPO 2AgBr + 2C=H"G": 
and acrylio acid 0“H*0’ is converted into propionic acid by simply taking up 2 at. 
hydrogen under the influence of sodium-amalgam. (Linnemann, Ann. Ch. Pharm. 
exxv. 307.) 

The foregoing methods of making propionio aeid are examples of the five general 
methods of forming the acids of the fatty series. 3?rom the circumstance tllat common 
alcohol is the particular aleoliolof which propionio is the derivativefand that so common 
an acid as lactic acid is the corresponding diatomic acid, it cornea to pass that propionio 
acid 18 the best acid of the senes for iflustratmg the employment of these genend 
methods. 
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To tlie foregoing may also be added the method suggested by Kalle (Jahresb, ISGl, 
p 359), for oouTerting the aeida of the oxalic soriea iuto acids of the fiitty series, 
namely, by distillation with hydrate of calcium. Suecimc acid thus treated does in 
fact yield propionic acid, according to the equation = C^IPO'' + CO’; but 

the quantity obtained is very small, because the temperatime at which tlio reaction lakes 
place 13 very near to that at which tJio propionic acid suffers fiu’lhor decomposition, 
yielding first acetic acid, and aflorwaids carbonic anhydride and hydroearboiis 

There is also a number of special reactions which furnish piopioiiic acid, but they 
yield it mixed with some of its homologiies. When sugar, mamiite, stiu-ch or gum is 
heated with caustic potash, there is formed propionate as weU ns acetate of potassium 
(Gottlieb). Metacetono, when it is oxidised with chromic acid, also gives propionic 
and acetic acids (Q oltlieb). Hedtenbacher him observed that when glycerin is treated 
with yeast and kept at 30° to 40° for some months, it yields propionic acid, little or no 
acetic acid, and traces of formic acid. In this process the free acid was neutralised from 
time to time. According to Bobcreiiier, glycerin gives this acid whon it la exposed to 
the air in contact witli iilatiimm-hl.ick. Oleic acid distilled with nitric acid gives piu- 
pioiiio acid and a great number of its liomologiics Casein, fibrin, and vegetable fibrin 
distilled with peroxide of manganese and dilute sulphuric acid, give small quantities 
of propionic acid. The putrefaction of pens or lentils under water, thn dry distillation 
of beeswax, the oxidation of the more volatllo distilUto from r.ipo-oil by inouiis of 
nitric acid, also tho oxidation of turpentine by nitric ncul, give propionic acid. Tlio 
volatllo oil of asafeotida and oil of mustard also yield tins aeid on oxidation. When 
citrate of lime is formontod with decaying cheese, or when sugar is formeiitod in contact 
with cheese and chalk, propionic acid is likewise formed (sen Gin. ix. 403 ). 

Lastly, propionic acid is formed Iiy the action of liydriodic acid on pyroraocniie acid 
(Wislioonus, Ann. Oh. Pharm. exxvi. 226 : Jahresh. 1803, p. 374) : 

C’H'O’ + 4in - C«IPO’ T IPO + 21’. 

Preparation- — 1. MnUiootoiie, which is prepared by tho dcstructivo distillation of a 
mixtiu'o of sugar with liino, is allowed to run into a largo rolorfc containing dicliromato of 
potasauuu and diluto sulphuric acid. When tho eftervesceuco caused by the formation 
of carbonic aeid is over, tliu ilistillalioiiis eotiimeiiccd , niidocompoheil mutaoutoiie goes 
over first, then the receiver slionld bo eli.iiiged, and tho iieetic and iiropioiiio iieuls 
collected. The bcparatiim of l.lin acetic iienl is in.iniiged thus. 'J'lie mixed acids aro 
neutralised with carbonate of sodimn, and ov.iporafiKl ilmva lo crystalliso; wlieroiipiin 
tho aootato of sodium cryst.ilhses out, leaving thn propioimte in solution. Tim pro- 
pionate of sodium is finally distilled with snlphnric acid, whereupon iiropiuiiie acid 
distils over. (Ootthob, Ann. Oh. Pharm hi. 121 it -scij ). 

A better way of .sep.irating the iicctic acul is by tlio employment of Liebig's plan of 
friiotioniil saturation (i 260) Thn mixed acetic and iiropioiiic acids sliould be partly 
satiu’ated with potash and then distilled , acetate of potassium then remains beliind and 
propionic acid passes over. 

2, It IS, however, heiior to employ a process of iireparation wliieli does not mvolvo 
the separation of homologiies Tho cyanide process answers very w ill. Cyanide of 
ethyl IS added by di'ops to moderately strong potash-Ioy boated in a tubnl.ited retort, 
tho distillate being repeatedly poured buck so long us it smells of ('yiiiudn of ethyl. 
The residue in the retort is then evaporated down to dryness and distilled with syrupy 
phosphoric acid (Dumas). (Seo also Williamson, Phil. Mag. [4] ri. 2(16.) 

3. Now thill, both zinc-ethyl and sodium aro tolerably cliuaii, tho method of acting 
upon sodium-etliyl witii enrhomc mihvdrido has become quite prnetieublo us ti mode of 
preparation. Tho details of the operation aro as follous • — Ten parts by weight of puro 
zme-ethyl ami one part of sodium are shaken iqi together; zinc then snparatea and 
sodium-etliyl dissolved in zinc-ethyl is iiroduced. Mercury is next added, it takes up 
tliQ finely divided zinc, and there result a lower layer coiilaiiiing znie ami iiieroury, and 
an upper layer of do, ar liquid which IS Bodium-othyl togelhor w'"' • d i ■ • . 
anhydride is next passed into the apparatus, and combines 

.and the solid product of the reaction, after being treated with m i 

water, is flniilly evaporated lo dryness and distilled with syrupy pliospiboric acid or 

Bulphurio acid. 

Lautomann’s method of decomposing lactic acid with hydriodic acid is also practi- 
cable as a mode of preparing propionic acid. 

Properties. — According to Dumas, pure dry propionic aeid is a solid at ordinary tem- 
peratures. It b^iis at 140°, and mixes with water ni all proportions Propionic acul 
floats on phosphoric acid or on solution of chloride of caleium. Itedtenlmcher, wlio 
obtained his acid by fnrmenting glycerin, niiiintiiins tliat iiropiomc acid is not nidefi- 
nitoly soluble, even in water, but that when it la mixed wttli a little w.iter, a puctuui 
of tho propionic acid separates and floats on tho aqueous solution of the acid. Tins 
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otservation leqiiirea coBfiimalion, inasmuch, as it is quite possible that Bedteubaehei’’s 
acid contained traces of butync acid or a higher homologue. The smeU of the aqueous 
solution of propionic add is very peculiar. J- ^ W . 

Propionates. CH'MO® and These salts are soluble in water and 

mostly crystalhsable ; according to Dumas, the alkalme propionates are unctuous to 
the toudi. 

The ammonium-salt is converted hy phosphorous anhydride mto propionitnle, 
0“H*(NH*)0’ - 2H“0 = OffN. — The yioiffssjMTO-suli, forma wlnte 

pearly lamina). The sodium-salt, C"H”NaO^.H’0, dries up to an. amoi^ons mass 
Veiy soluble in water. An aoeto-proptonate of sodtum, C^H*Na0^C^H‘Na0*.|H'‘0, was 
once obtained by Gottlieb m delicate, shinmg, very soluble needlos. 

propionate of Barium, C''H"'Ba"0'*, ciystalUses m monoclmio pnsms exhibiting 
the combmation ooP . ooPoo . oP . + Pco . — Pod . Angle oP : + Poo = 136° 4' f 
oP : - Poo = 136“ 32'; ooPco • + Poo = about 133°, ooPoo : - Poo =. 133° 36'; 
ooP ; »P = 97° SO'; ooPoo . ooP = 131° 16', + Poo • ooP = 116° 26'; -Pod : 
ooP = 117° 36'. (Provostaye, Compt. rend xxv. 782) It is very soluble in water, 
and the solution yields, hy spontaneous evaporation, large very re^ar crystals of a 
pnsmatio salt containing BPO, which gives off its water at 100°. (Wright- 

Bon, Phil. Mag. [4] vi 88.) 

The oalotum-sali crystallisoB hy spontaneous evaporation w tufts of long prisms 
contaming 0“H'®Ca"0^ H'O They retain their water of crystallisation oven when 
dried over oil of vitriol, but give it off at 100° CWrightson), Streeter obtamod 
(he anhydrous salt in silky scales 

Quprxo prop%onate, C®H'“Ctt"0'‘.H®0, obtained by neutralising the aqueous acid 
with carbonate of copper, forms very rognlar green octahedrons, sometimes with cube- 
faces It dissolves in water with moderate facihty, and is easily obtained in crystals 
by spontaneous evaporation. The crystals dried over od of vitriol retain 1 at water, 
Which goes off at 100° (Wrightson). Accordmg to Niokl6s (Compt. chim, 1849, 
p 348), it crystallises in small oblique pnsms very soluble in alcohol but very sparingly 
m water. Heated to 100° in a current of dry air, it gives off its water, together with 
a certain quantity of propionic acid. If from this point the temperature be sud- 
denly raised to dull redness, the decomposition proceeds rapidly, with evolution of 
combustible gases which carry away a portion of the salt The products of this distil- 
lation are ; an odoriferous liquid composed of propionic acid and an ody body insoluble 
in water ; carbonic anhydride and a hydrocarbon ; and a residue of metalUo copper 
and charcoal. 

Propionate of Lead. — The solution of this salt, which has a sweet taste, dines 
up without yieldmg crystals, to a white mass, which when dried at 100° contains 68'4 
per cent, oxide of lead (Brankland and Kolbe). Accordmg to Streoker, it forms 
needles containing C*B.'‘'Bb"0*lPh"0. This formula requires 77'5 per cent lead-oxide. 

Chloride of barium added to a tolerably concentrated solution of propionate Of lead, 
forms at first a somewhat copious precipitate which disappears on agitation ; if the 
addition of the chloride be continued, a point is at length attained at which the pre- 
. oipitate no longer redissolves , if the liquid be then filtered, and left to evaporate) 
elilonde of lead separates at first, and afterwards magnificent limpid crystals which 
appear to bekmg to the dimetoc system. They dissolve readily lu water and produce 
gyratory movements on the surface of that Uquid They contain 4 16 to 3 88 per cent, 
chlorine, 35'96 to 36'70 lead, and 24-32 to 24-2 barium. (Nicklfes, Ann. Ch. Pharm. 
1x1, 843. 

Propionate of Silver, C’H'AgOv is obtained by adding nitrate of silver to 
the concentrated aqueous solution of the sodium salt as long as a precipitate is formed, 
boiling the precipitate m the liqmd till it dissolves, whereupon some of the silver 
is reduced , and filtering at the hoilmg heat; the hquid then on coohng yields white, 
shining, heavy granules, which, when exammed by the microscope, are found to consist 
of needles. The salt when merely exposed to light remains unaltered for several weeks; 
but at 100° it suffers partial decomposition and becomes bkek-brown. At a higher 
temperature, it melts quietly and bums away without noise (Gottlieb). Whm the 
precipitate is dissolved m boilmg water, the greater part of it decomposes , and tlie 
crystals obtained from the solution decompose when heated, giving off acid vapours 
(Guckelberger), According to Frankland and Kolbe, it forma small cryst&iine 
laminse, which either m the dry state or m solution, blacken when Exposed to hght 
or heated to 100°. It is leas soluble m water than the acetate. 

When propionic acid is warmed with carbonate instead of oxide of silver, an acid 
silver-salt appoai-s to be formed, and crystals may be obtained containinc 
C»HW. (Wanklyn) fab- 
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Aoetoiwo'pwnate of Silver, 0®H“AgO» C»H“AgO® is proclueod Ijy boiling nitrato of 
silvor mth a mixturo of acotate and propionato of sodmm. Tho filtorod solution on 
cooling deposits the double salt in arborescent groups of shining needles. The crystals 
may be dried at 100° without alteration , they do not melt at a stronger heat and uro 
but sHghtly soluble in water. The solution blackens when boiled, from deposition of 
metallic silver. _ ... 

Acetopi’opiomc acid is also produced by the fermentation of calcic citrate in contact 
with putrefying curd. (How, Ohem. Soe. Qn. J. v. 1; Gm. ix. 408.) 

Substitution-derivatives of Propionic add. 

Bromoproplonlo add, C’H'BrO’. — ^Rioduced: 1. By heating 1 at. propionic 
acid with 2 at. bromine to 160° for several days, and collceting tho product whieli 
passes over on fiiaotional distillation between 190° and 210° (Friedol and Mttohucu, 
Oompt. rend. liii. 408 ; Jahresb. 1801, p. 379). — 2. By tho action of hydrohromio acid 
on lactic acid- 

GOTO® + HBr = C’H^BrO' + H^’O. 

When lactic acid is boated to 180° — 200° in a stream of gaseous hydvohromie acid, a 
small quantity of hromonropionio acid distils ovr; but a better mode of preparation 
is to heat lactic acid with rather more than an equal volumo of cold satuiMted aqueous 
hydrohromio acid, m sealed tube.s to 100° for several days, then agitate tho product with 
ether ftee from alcohol and distil tho cthorcal solution. The portion which distils 
above 180° yields a largo quantify of bromopropiouic acid. Sometimes, however, eur- 
bonio oxide is formed at the same time together with a ft-ngrant liquid which, wlioii 
treated with alcoholic other, yields n considerable quantify of othylic bromopropioniito. 
(KokuU, Ann. Ch, Pharm. exxx 11.) 

Bromopropionio acid prepared from lactic acid boils iit 202° (corrected 206%')°) and 
solidiflos at — 17° to a rudio-crystalliuo mass. It is converted by sodiitm-aniali/aiu into 
propionic acid (Kekul6), and by boiling with cina-oxidc, 'into lactic acid (^i'riediil 
anclMaohuoaj Kokuli). A¥hon heated with alcoholic «wu«omm, it yields iilaniiio 
together with bromide of ammonium (Keknle) • 

CsH»BrO» + 2NU’ C°n’NO» + NIPBr. 

Bromopro- Aliiiilno. 

piOHlc acid. 

An acid called hrmnUunic aotd, having tho composition of dihromopropioni c aei il, 
C*H'Br*0^ is produced by the action of bromino on eitraconic acid in prcseuco of excess 
of potash (Cahours), See Citkaoonic Agio (i. 993). 

Ctaloroproplonlo aold, C’H^CIO-. — ^Tliis acid does not appear to ho formed by 
tho action of oldorino on propionic acid, but is obtained by tho action of water on 
chloride of laofyl or ohlorido of chloropropionyl, (C’lPOyCl- or O’ll'UlO.Cl (Ui. 4Q0). 
It is lossvolalilo than propionic aeul, and smells hkii triohlovacelio acid. Nascent 
hydrogen converts it into qitopionic ncid (p. 730). Its sdi'er-snlt, C^lPCl-AgO'^, is less 
soluble in water than tho propionato, and is resolved by boiling witli w aler into chlovii lo 
of silver and lactic acid. Tho lead-salt decomposes inhku lu.umev tUlrieh, Ami. Oh. 
Pharm. eix. 271). Tho barium-salt, C“H"Iia' CPO*. evaporated with chloride of v.inc, 
yields a cinc-salt having tlio properties of sarcohictute of zinc, (Lippmuun, Ann, Ch. 
Pharm, oxxix. 81 ) 

Ee.spoetiiig Ohloropropionaio Ethyl, sec PnowoKio EriiDM.s. 

lodopropionic acid, C’lPIO*. (Bcilstoin, Aim. Ch. Pharm, exx. 220; exxii. 
308 ; Jalirosb. 1801, p, 008; 1802, p. 244). — ^I'roduced by the action of iodido of plioB- 
phorus on glyooric acid. To prepiiro it, o2 cub cent, of glyceric acid having a density 
of 1 26 arc nuxod with 100 gmis iodide of phosphorus (.iddtd in tlirae separate portions ), 
and as soon as tlio action, which may ho allowed lo go on with coiisideralile energy, is 
complete, the re.siduo is wiislied with ice-cold water, till tho water runs off coloiirle.ss, 
and the lodopropiouic acid which remains is crystallised once or twice from boding 
water. Tlie portion remaining in the mother-liquor, may bo e.xtriictod by ether free 
from alcohol, not by evapowtion, ns tho aqneous .solution is decomposed by heat. If 
ether containing alraliol is used, ethylic lodoproinoimte is produced. 

lodopropionic ncid forms a dazzling while, imcreous, cry'-tiillino muss melting at 82°. 
It is ea^y soluble in hot water, very slightly in cold water. The niother-hquors of 
tho acid, when slowly ovaiiorated over oil of vitriol, depo,sit it in large, well-develnped, 
apparently monmOmio crystals. The acid dissolves very easily m iileohol and ether, 
has a strong aeia reaction, and decomposes earbonates Ilydroehloric acid gas passed 
into the alcohohc solution, converts the aeiil into the etliyhe ether 

Tho salts of lodopropionic acid are coiivorted by boiling with water into mctiilliciodiJo 
and hydraorylio acid (lii. 177): 
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4C®H‘I0'' + 3H*0 =. + 4HI. 

lodopropiomc Hydra^rylic 

Wltroproplonio ocia, CH'KO* =• C?’H’(lirO®)0_’‘. (Chancel, Ann Oh. Pliarm. 
111. 29S — ^Lanrent and Chancel, [3] vii 366, xiii. 462). — ^Prodncsd as a heavy 
yellow oil by heating hntyral or hutyrona with nitric acid, and precipitating with water. 
It has an aromatio odour, a very sweet taste, is dissolved slightly by water, and in all 
proportions by alcohol It remains fluid even at very low temperatures ; is easily set 
on fire, and burns with a reddish flame 

The nitropropionates are generally yellow and orystallisable ■ they all, excepting 
the ammommn-salt, decompose with a land of explosion when gently heated. Mineral 
acids decompose them, precipitating the ody acid. 

The ammon.iim-scdt, C’H''(NH'‘)(^0=)0OI’0, may he aubKmed without decomposi- 
tion. It decomposes sponfcineously when kept m a close vessel, yielding a gaseous 
and a liquid product. Sulphydne acid decomposes it, with precipitation of sulphur and 
formation of new products. The potassmm-sidt, C®ffK(N0“)0- H'^O, is obtamed in 
fine yellow scales by dissolving the acid in alcoholic potash. It gives off its water 
at 140°, and decomposes with explosion at a few degrees higher. It dissolves m 
20 pts. water, hut is nearly insoluble in alcohol. — The copper-scut is a dirty-green pre- 
oipitate — The iead-soW is a yellow precipitate.— Si7i/«r-sal!:, C“H'‘Ag(N0')0“ Bf^O. 
When a solution of the potassium-salt is mixed with nitrate of silver, a yellow preci- 
pitate IS formed, probably consisting of a basic salt, for on boilmg it with water, oxide 
of silver IS deposited, and there remains m solution a silver-salt, which orystaUises in 
ihomboidal plates, and has the composition above mdicated. 

FBOPZOfiTlC AXDBHVDE. CyHoO = CTOO H. Hydnie of Propionyl 
Metmtio Aldehyde. Propylaldid . — ^This compound, discovered m 1847 by Q-uckel- 
berger (Ann. Ch.Pharm.lxiv 39), is produced- 1. Together with several other 
aldehydes and acids, by distilling casein, albumin, or flbnn with sulphuno acid and 
peroxide of manganese, or sulphuric acid and potassic chromate (Guokelberger). — 
2. Together with butyric aldehyde, by the dry distdlatiou of a mixture of calcic 
formate and butyrate (Michaelson, Ann. Oh Pbnrm exxxui. 182). — 3 Together 
with butyne aldehyde, propionic acid and butyric acid, by distilhng tetrylie (butyhe) 
alcohol with sulphuric acid and potassic chromate (Miohaelsou, ihid. cixxiv 69). 

Preparation — 1. By^ distilling 1 pt. of dry casern with 3 pts of peroxide of manga- 
nese, 4J pts. oil of vitriol, and 30 pts water. Slammed milk is left to ooiigulate; the 
curd, freed as completely as possible from the whey by Washing with water and pressure, 
is dissolved at 60° to 80° in dilnte sodio carbonate , the solution is maintained at that 
temperature for some hours, the scum thereby formed being carefully removed , the 
slightly turbid liquid is precipitated by dilute sulphuric acid , the curd repeatedly stirred 
up with hot water, and the liquid each time pressed out of it, till the water runs away 
qmte dear ; and the resulting casern, which contains hut a trace of fat, is dried — 4-6 
pts. of oil of vitriol are next diluted with 9 pts water , the mixture is cooled to 60° or 
40° , 1 pt. of dry casein, pulverised as finely as possible, is gradually added to it, with 
constant stirring, till, in the course of a few hours, it dissolves, and forms a brown or 
violet solution , and the remaming portion of fat, wbieh then rises to the surface, is 
skimmed off. The solution, after standing for a day, is diluted with 10 pts water, and 
introduced mto a retort large enough to hold twice the quantity and containing pt 
mangame peroxide, 11 pts of water are added (making up the 30) , the liquid is dis- 
tdled into a well cooled receiver, as long as any odoriferous products pass over , l^pt. 
more manganese is introduced into the retort, together with a quantity of water equal 
to that which has already passed over, and the hquid is again distilled as long as the 
distillate has any odour. 

The strongly acid and praigent distillate is neutralised with chalk, and distilled to 
one-half ; and the resulting neutral distillate containing acetic, propionic, butyric, and 
benzoic aldehydes is redistilled into a well cooled receiver, collecting only the first portion 
which passes over, till this distillate presents the appearance of a milky water covered 
with yellow oil, becoming clear as it cools, and gradually depositing bitter almond oil. 
To separate the propionic aldehyde, the milky liquid is introduced into a retort or flask, 
to which IS adapted a long tube slanting upwards at first, aud afterwards conveying 
the vapours into the downwardly inclined condensing apparatus, and heated in the 
water-bath, at first only to 40“ or 60°, at winch temperature nothmg but acetic aldehyde 
passes over, whUat the propionic aldehyde condenses in the upwardly inclined tube, 
aud flows back again. The propionic aldehyde is then distdlod over ijt 65° to 70°, tlio 
first portions stiU containing acetic aldehyde, whilst the last portions, which must bo 
coUeotod apart, are free from that impurity, and have a pleasant ethereal odour (at a 
higher temperature the hntyral passes over, and above 100°, the bitter almond oil). 



PEOPIONIC ETHEES. «!SSS22:±^T36 

Tho dintillato enllectcd bohvnpn 06°and7fi°is clohydriitp(l_ over clilorido of Cttkiinn, 
and redistilled, whereupon it hegins to boil at 40°. The distillate collected batneoji 60° 
and 70° is tolerably pure propionic aldehyde, not however exhibiting a perfectly con- 
stant boiling point. 

The fonnic, acotio, propionic, butyric, valeranie, caproie, and benzoic ae.ida, likewise 
formed by the oxidation of the casein, remain in the retort as calcium-salta after the 
volatilisation of the aldehydes. (Guckelbergor.) 

2 A mixture of 1 at. calcic formate and 1 at calcic butyrate yields by fractional 
distiUatiou a product wlueli, after being nPiitr-ilised by oxide of lead and di-ied by 
cbloi-ido of ciilomm, is resolved by fr.ietioniil dnstillatioii into propionic aldehyde, 
boUiiig between 54° and 63° ; butyric aldehyde passing over between 65° and 90°, and 
amounting to about two-thirds of the whole , and a small quantity of a liquid boding 
between 4S° and 63°. (Miobaolson ) 

3. When 12 pts. of pure tetrybe alcohol are added by small portions to a mixture of 
20 pta. sulpburie acid and 16 pts. of neid potiissic chromate dissolved in water, tho 
mixture becomes hot and give.s off carbonic anhydride, so that external beating is 
required only towards tho end of tho reaction. On dislilliiig tho product, propionic 
and butyiio acids and aldehydes pass over below 100°, ubilo u considerable portion of 
tho alcohol remains nnattiicked , and on neutralising the acids with oxido of load, 
dehydrating tlie bquid with chlondo of e.ileiuin, and submitting it to fractional distil- 
lation, tho propionic aldehyde, whieli constitutes the greater part of tho product, passes 
over botwoan 60° and 61°, (Miohaolsoii ) 

Propionic aldehyde is a limpid neutral liquid, having an otherOal odour. Sp. gr. = 

0 79 at 16°. Boiling point between 56° and 68° ((J-iickolhergor) , 61° and 63° 
(Michaolson) Vapour-density, obs. = 2'111 (G uekelberger) ; 2()4(]JIio!iaol- 
sonl; calc. = 2'01 It turns acid slowly in the air, rather quickly in contact with 
platinnm-hlack (Guokelhorgor). 'When heated to 100° with recently precqutntod 
silver-oxide and a little water, it is converted mlii proinoimtc of silver, with sopivration 
of specular niotalho silver • 

2C»H»0 + 3Ag’0 =. 2C»IPAgO + IPO + Ag*. 

This charactev diatiuguishod propionic aldehyde from aeetime, with wliioU it is isomorio. 
(Miohaelson.) 

Tnbromop'nj^imio Aldchyth, C'lPltv’O — A body liaving tliis composition is formed 
lu small quantity, tugotlier with iieid products, by the actieii of Iironiiiio on the iilkalina 
salts of oitraconio acid (i. 993). II is ft neutral oil insoliihhi in pure water and in 
idkalino solutions , easily soluble in iilcoliol and etlier , partially di'composeil by lieat. 
It is uncertain wlicther this body is a denvativn of propiomo alileliyde, or of acetone, 

Pvntachloropvfipionio Aldfhi/de qr Piopwim’ Ohloiat, G'*II(JP() — This compound 
occurs ftmongst the products ohuined by distilling starcli with hydrochloric acid and 
manganic peroxide. On saturating the eriide distillate with elmllc or sodie c.irhonatc, 
and rectifying over a small ijuantity of eiileic ehlonde, Iho propioinu elilorul passes over 
in tho first portion of tho distillate, togeflier willi mi oily iiody, from wlueli it may ho 
separated by agitating tho liquid several limes with lee-cold wider, dfleiiiitiiig the solu- 
tion w'lien saturated, and heating il, the propionic elilural then sojiaratiiig in heavy 
drops having a faint vollow colour. By dilYiising tin se drops m a small quantity of 
water, and cooling to 0°, colourless rhombic tablets are obtained, wliicli may be purified 
from adhcrhig oil by pi’csaiiig tliem in the cold Iwtweeii hihuloua paper. They con- 
sist of a hydrato of propionic chloral, 0°HCP0.4II-0. (Stiidoler, Ckrfiurdt’s Traitb, 
ii. 434.) 

FBOlPIon'IC ETKEBSi 'I’heso compouiiils have not lieen much exurained, tho 
ethyl-compounds of propionic, hromopropioine acid, &c., being the only ones yet 
obtained. 

IStlii/lio Propionate, C''’IP(C“IP)0°, is prep.ircdbyhe.itiiigsilver-propioiuitowith 
a mixture of absolute alcoliol and siilplnirir aeul, and is separated from the product by 
water, in tlio form of a liquid lighter than w.itor and having a pleasant fruity odour. 
It IS quickly decomposed by ammonia into alcohol and propionaniido. 

Mthyl%c Promapropinnatc, was ohtiiiiiod by Kokuli, by treating with alcoholic 
ether the tiiigiant liquid somotnnes produced in the preparation of hromopropionic 
acid by tlio action of hj drobrpmic acid on hictie acid (p. 733). 

Ethyhc Chl,j^ropropio7iate,0'lVOlQ- = CW(CdI-)CW | 

Mhyho Ghlmolactate (A. Wiirt/, Ann, Oli. Bli.irm. eiii. 192, e\ii. 

232, Ulrich, Cliem, Hoc. Qu. J. xii 23) — This ether is produced, together with 
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ethylio diloride aud water, by the action of abaolnte alcohol on chloride of ehloropro« 
jiionyl (chloride of laetyl, lii. 646) : 

C“h;<ocp + 2C“h:“0 =■ c“H»cio« + C'ffca + h^o. 

It is a li(iuid haTins a pleasant aromatic odour, a specific gravity of 1'097 at 0°, and 
distilling vtithont decomposition at 160° Vapour-density, obs. =-4 9 (Wurtz); 
calc. = 4 7. When heated witii aodmm-ethylate, it is converted into diothylio lactate 
(Wurtz, iii. 464): 


a ‘0)")0 , 

w {ca + Ha r “ (O^*)’ 1 


By the action of nasomt hydrogm (zinc and dilute sulphuric acid) it is converted into 
propionic acid. (Xflrich ) 

Ethylio IoAo'pr(ip%o'n,ate, C"H*(C’‘H‘)IO® — Obtained by passing hydrochloric 
acid gas into an alcoholic solution of iodopropionio acid (p. 734). It is a colourless 
strongly aromatic liquid, heavier than water, soluble therein, and easily soluble in 
alcohoL It boils between 180° and 200°, and appears to volatilise without decomposi- 
tion. (Boilstein.) 

PKOPIOHlTBIIiE, C'H'N, or Cyanide of Ethyl, C^H'.CN.— The formation, 
properties, and most of tho reactions of this compound have been described under 
Ctaotobs (u. 211). The products obtained by treating it with chlorine have recently 
been examined by E. Otto (Ann. Ch. Pharm. cin. 195; E5p Chim. pure, 1861, p. 
257, Ann. Oh. Pharm mmai 181; Bull. Soo. Ohim. 1866, i 293), 

Dry oMonne passed into gently heated propionitrile, forms dichloropropionamide 
(p. 729), and diohloropropionitrilo, O’H'OPH, which may be separated by a 
freezing mixture, the former then crystallising out, and on submitting the remamina 
hquid to fhactional distiHation, dichloropropiomtrile passes over .between 104° and 107^ 

Dichloropropionitrile is a hmpid liquid having a disagreeable ethereal odour, 
insoluble in water, soluble in alcohol and in ether, decomposing in badly closed vessels. 
It burns with a smoky flame, eimtting pungent vapours. When boilod with alkali, it 
gives off Its nitrogen as ammonia, the last portions however going off very slowly, aud 
yields, first chloiraated acids, then acids free from chlorme. 

The residue left after the distillation' of the dichloropropionitrile isaorystallme mass, 
having the same composition and probably consistmg of a polymeric modification. It 
forms fine crystals or scales molting at 74-6°, subhming with partial decomposition, 
insoluble in water, melting in boiling water, and distilling over mth aqueous vapour. 
It dissolves at 26° in 7'17 pts. of absolute alcohol, and in 0‘77 pt. of ether. With 
alkahs and acids it behaves like the liquid modification. 

Tho action of moist ohlonhe on propionitrile is -very energetic, and is attended with 
nse of temperature, and the formation of a greater number of products. Propionitrile 
distils over holding in solution hydrochlorate of propionamide, which it deposits in 
crystals (p. 729); hydroohloric acid is evolved; sal-ammQniao is deposited, and if the 
action of the ohlorine he continued, with cohobation, there finally remains a mass of 
crystals, which, when washed -with cold water, and dissolved in absolute alcohol, yields 
first, small iridescent lanunce of a body A, having the composition C“BP*C1“N“0* ; then 
after the oily mother-liquid has been left for some time over oil of vitriol, crystals of 
a body B contauung (PH'^OIWO* , and finally, an unerystalhsable oil 0. 

Tho body A appears to he formed accordmg to the equation . 

3C=H*N + 60P + 4H“0 = C”H‘»01“N='0‘ + 4HC1 + NffCl. 

It melts between 166° and 168° , sublimes when cautiously heated; is insoluble in 
water, but soluble in alcohol and ether ; and crystallises in small rhombic lamime. 
Its solution in dilute hydrochloric acid forms a precipitate with platinio chloride, after 
standing for some time. 

The body B melts between 151° and 162°, and in other respects resembles A, 

The unciystaUisahle oil 0 appears to consist of the body A, oontanunated with other 
products of substitution. In contact with sodium-ammgam and water, it dissolves 
without evolution of hydrogen , and acids separate from the resulting liquid a yellowish 
mass, whose solution in dilute alcohol contoming hydrochlorio acid, yields, besides un- 
eiystallisable motheii-liquor, feathery etysbilB of a WyD, which melts at 163°— 164° 
and contains C»H“Cl«HJO». 

The pil 0 distilled in a saltpetre-hath yielded a small quantity of cliehloro-propio- 
nitrile containing hydrochlorio acid, and a brown residue which BoHdifltd in a crystalhne 
mass, and dissolved in ahsolnte alcohol, leaving a slight residue of sal-ammomao. This 
alcoholic solution deposited the three following crystallisable compounds, distinguished 
by their melting points and their solnhibty in alcohol . 
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Mi'ltliig (lolnt. 

35. 0"'H'‘Cr'N*0> 189 to 101° sparingly soluble. 

K. C'«IF“ai»N^O’ 166 to 158° more soluble. 

G. C'«H-'«CPN^O’ 214 to 2160 fro^ the niothor-li^uor. 

Tlie action of moist clilorina on propionitrile in diffused daylight likewise gives riso 
to the fornmlion of other compounds, but they are very diificnlt to separate.^ 

When moist chlorine acts on propionitrilo in direct sunshine, tlio resulting brown 
liquid deposits on stiindiug, crystals of dichloropronioiiainido, and the liquid decanted 
thcrefioin yields by distillation, first -water, liydroehloric acid and propionitrile, thou 
(between 100^ and 120°) diohloropropionitrilo, and lastly (above 120°) dicliloropro- 
pionaiiiide, together with solid diohloropropionitrilo (p. 730). In oiio experiment ths 
liquid deposited after some time, cubic crystals, C''H''‘CPN''0.3IIC1.II*0, easily solubla 
111 water and in alcohol. 

PROFVIi or TKITYl, C“H’. The third of tiio series of alcohol-rildiclos, C"!!’"-*-'. 
(Seo Tmtyl.) 

PKOPVIi&iamE. Sec TRi'rvi.AMiMS. 

PROPTriiBME. Sec Tninruani 

VROVTTXxXV AECOHOX., ETHER, &.a. Soe Tiutyuc At.COI10T., ETimn, &e. 

TROSOPITE. a mineral occurring at Altenbcrg in thoEragehirgo in crystals, more 
or less altered to kaolin. The miolciis, if still unaltered, is eolouriess and transp.irent. 
Before the blowpipe it becomes -wbito nnd op.iquii without fusing, and gives off w-itir 
and hydrofluoric acid It is decomposed by sulpliuric acid. A colourless speciine.i of 
speciflo gravity 2 89 was found by Scheerer (Pogg. Ann. ci. 361) to coiit.im 8-90 
fluoride of silicon, 42'08 iilumiiia, 22'98 lime, 0'31 maiigunous oxide, 0 2.6 miigiiesiu, 
0 16 potasli, and 15 50 water (= 90-83), from wliicli it is impossihlo to deduce a defi- 
nite furmuhi. According to Selioerer’s measurements, llio erystalliiio form of jiro.sopito 
approaches noiiriy to that of lie.ivy spar Dana, on the other liaiiil {Minmthy)/, ii. 
602), I'cgirds it ns more nearly allied to d.itliolite. Brush (.Sill Am. J. [3| xx. 273) 
found m i iolet-coloured crystals of so-called pi'08nju(,e great diieiwity of form ami 
composition. Some were nolet nnd consisted of fluor-spar; olliers svero while, soft 
and opaque, nnd eonsislcd of a hjdr.ited almnmic Hiliente. 

PROTAOOH', A n.imo given hy Liohreieh to a suhstanco holiovod by him fobo 
the chief oonstituoiit of nervous tissue, from which cerolirin, myelin, &c. are doveloped. 
To prepare it, briviii-suhstanco, freed iw much as possililo from blood, isrediioecUo a pulp 
and treated with water and ether at 0°. Prom the romaiiiing mass the protiigon may 
bo extracted hy alcohol of 80 per emit, at 46°. On cooling the alcoholic solution to 0°, 
an abundant precipitate is formed which, after being -well washed with other and 
ledissolvod in warm olooliol, crystallises on cooling in aciculav bundles. 

Protagoii is colourless, inodorous, sdiirooly soliihlo in ethor, very solulilo in warm 
Spirit, -with -water it swells up to a gelatinous mass, which on further dilution be- 
comes an opalosoont fluid. Composition, 0"*IP“'N'PO*-‘. Boiled with concoutrated 
baryta-water, it is decomposed into glycoro-pliospliorio acid and a now base, n ou r i n o. 

M. P. 

PROTEIia- {irpoiTelov, " pre-omilienco”) is tlio iiamo given by Mulder to a product 
obtained Iiy the notion of potasli on albuminoids, llo considers pmtom to be a dvflnito 
compound foriiiiiig the base of all the albuminoids, and imagines llial thusn bodies differ 
from Olio another only liy varying qiiantitios of siUJhmidc {Nll-fii, and iibospliimido 
NII‘P (according to Mulder its formula = O^U‘<‘N'0"‘). This ingenious theory is, 
however, disproved by the f.ict that protein is not a homogoiiooiis coinpoiind, as has 
boon elo.U'ly shown liy tlio oxiioriiuonts of Liobig and his pupils , in fuel, it is iiutliing 
more than the alliiimiiioiis subsliiiico moro or loss nioditlod. and always eoiitaiiiH a 
certain quantity of sulphur, p’orwhen an albuminoid is dissohedat. thoconuaun toni- 
periitiiro in dihito jiotasli, and the solution is saturated by an acid, tlio proeipiliito tlius 
formed (protein) contains tbe whole of the sulphur, not a trace of which can bn detected 
in the motlior-liqvud If emicontiatod potash he employed, and the liquid heated, part 
of tlie sulphur is reiiiot ed from the albuminoid, and the solution being siiturated with 
an acid, yields a proportionally smaller precipitate, still containing sulphur p'ln.illy, 
if the whole of the sulphur be extracted from the albuminoid, the alkaline solution 
yields no pi;eoipitates with acids (Laskowski). According to Ploitmann nnd 
Loskowskl tile reaction takes plnco more rapidly in weak potash, if tlie liquid be 
heated -with oxide ofabiamuth or silver. Those oxides do not, however, remove all 
the sulphur. All the desulphurised matter appears to romaiu m solution. 

The following are analyses of tho so-oalled protoin; they will bo obiorvod to differ 
very little from tho composition of albumin. 

Von. IV. 3 B 
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Oarbon 

Hydrogen 


n. bfsmiitli on 


Nitrogen 
Sulphur 
Oxygen 
Otsyffotein, 
iatence of whieh 


21-6 21 5 


binoxide of protein, is another of Mulder’s compounds, the ex- 
ns as little proved as that of protein, It remaina insoluble when 
fibrin IS boiled with water, and IS supposed by Mulder to constitute the membrane of the 
red blood-ealls, and to enter into iJie composition of the pellicle which separates from 
inflammatory blood {Coaenne mfiammatoire) According to v Laer, it is also precipi- 
tated, after the protein, by the addition of an acid to the solution of horny matters in 
potash. Mulder found fiS-l per cent C, 6 9 per cent. H, and 14 1 per cent N, and 
07 per cent S. 

Mulder describes several other substances. Which do not present the characteristics of 
pure compounds, e g. Tnoxyprotein (an insoluble matter), erythro-protido (red ex- 
tractive matter), protide (a hitter, soluble substance), sulphoprotm add, gallotannate 
ofprotdn, and cMm ite ofprotmn 

(Mulder, J. pr Ohem. xvi. 129; xvii. 312,816; Ann Oh. Pharm. xxxi 129 — 
liiebig, ihtd Ivu. 132 — ^Fleitmann, %hid. Ixi. 181.) 0. E. L. 

PBOTBEITE. Syn. with VnsimAN 

PBOTic ACIB, An acid existing, according to Limpricht (Ann Oh. Pharm. 
cxxviii. 186, Jahrcsb. 1883, p. 648), in the flesh-juice of the roach {Leuotsoaa 
ruidtia) to the amount of 07 per cent. When the extract of the chopped flesh prepared 
With cold water is freed from albumin by boding, the filtrate prcciptlated by h.arytn- 
water, evaporated after being freed from the precipitate, and again after standing for 
48 hoiu's, to allow the creatine to separate, and the remiuiiuig liquid cautiously 
mixed with an acid, it solidifies in consequence of the separation of a floooiilent preci- 
pitate, consisting of protic acid. This acid is an amber-yellow brittle mass, only 
sparingly soluble in water, even nt the boiling heat ; its aqueous solution dries up to a 
gelatinous mass It is moderately soluble in dilute aoetie, hydroehlurio, or sulphuric 
iiehl, more easily m aqueous ammoma, potash, soda, baryta, or lime The acetic acid 
solution is not precipitated by ferroeyanide of potassium ; the solution in ammonia or 
baryta-water gives precipitates with most motidlic salts, Protic acid has nearly tlie 
composition of the protein-compounds. When boded with dilute siilphiirio acid, it yields 
a large quantity of leucine, but apparently no tyrosine. It has not boon obtained 
from the flesh of warm-blooded animals or of herriugs, or indeed of any fish e.xcopting 
the roach. 


EROTOBASTITE. An augitic mineral oecurring, with anorthite, on the eastern 
dedmty of the Eadauberg in the Hartz. It has a light brownish, or greenish to 
greyish-yellow colour, with a silky glimmer, and fiunt striation Translucent, 'or in 
very thin lammse, transparent Exhibits two directions of ole.avage inclined to each 
other at 134®, like aiimte. Hardness «=• 6 — 6. Speeifio, gravity = 3 29. Very thin 
splinters melt before the blowpipe doj greenish-grey enamel. Two specimens gave by 
analysis the following results : 


Sion APO». Co"0». FeO. MnO. CsO. MrO, H^O. Iron. 

63'46 37 1 0-89 8-64 0'16 2-19 30 86 0'87 0'07 =■ 

64-16 3-04 . . 12-17 . . 2 37 28-37 0-49 . . = 


100 74 
100-69 


The ehrome-iron ore in the first speouneu was meohunioaUy mixed, and remamed 
behind on treating the siliea with potash. The ferrous oxide in the second specimen 
contained a small quantity of chromic oxide. The analyses show that the mineral is 
an angite M*O.SiO",the silica being partly replaced by alumina. (A. Strong, Jahi-esb. 
1861, p 986 , 1862, pp, 723, 793.) 


EROTOOATECBVIO AOXD, C’H''0'.— An acid isomeiuo with oxysalicylio, 
carhohydroqninonio (lii 214), and hypogallie acids (ni. 239), or perhaps identical with 
the latter. It is produced 1. Together with oxalic aeid, acetic acid, and humous 
substances, by the action of melted potash on pipeno acid (p. 664). 

OiiHwO" + 8ffO = C’H'O* + O'ffO* + C’'H*0“ + 00“ + 7H“. 


On slightly supersaturating the fused mass with sulphuric aiCcl, concentrating and 
boiling the residue with alcohol, a solution of protoeateohuate of potassium is obtained. 
This solution is to be evaporated; the residue dissolved m water; the solution preci- 
pitated by neutral acetate of lea^ the first portions of the pi-etipitate, which are 
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yellow, buing rejectcil, imd tlin wliito floclw subsequently preeipiliited, iut tubu decom- 
posed by sulphyrta've acid. An aqueous solution is tlius obtained, ■which, ’tvheii eviipo- 
mted, yields protooateehuie acid in furcate groUpsof crystals and laminiE. (Strocker, 
Ann. Ch Pharm, oxviii. 280 ; &m xvi. 238.) 

2. Catechin, -whieh, according to Kraut and v, Deldon (Ann. Ch. Pharm exxviii. 
286 ; Jahreab 1863, p 389), is isomeric with pipenc add [or rathor differs from it by 
1 at. water, having the composition C'^H'-'O'’], htowise yields protoentechuie acid by 
fusion -with potash 

3. Mftcliu’in (mormtannie acid, ni. 1049), fused with potash is roaolved into proto- 
cateohiiic add and phlorogluein 

+ H*0 = O’WO-* + C»H"0». 

1 part of mnolurhi is evaporated in a silver hiisra with a solution of 3 parts potassiiim- 
hyilrato, till the mixture becomes pasty , the mass is tlicn nddulated with sulphuric 
acid, evaporated to dryness and treated witli alcohol, which dissolves both the products 
of the reaction. The alcohol is then distilled off, and tho aqueous solution of tiiii 
residue is treated with neutral acetate of lend, which precipitates tho profocatechmo 
acid, leaving phlorogluein in solution. JThe leiid-precipitate is treated as above 
(Hlasiwots and Pfttuiidlor, Ami. Ch. Pharm oxmi. 351 ; Jahrosb. 1863, p 695.) 

4. By fusing guiuarctio aoiil, or purified giiaiac-rcsm with potash. (Hlasiwots 
and Barth, Ann. Ch. Pharm. exxx. 316 , Jahrosb 1861, p. 401 ) 

Pi'otocatoohuic acid crystallises from aqueous solution in furcate groups of crystals 
and lammto (Strocker) ; in tbin prismatic crystals (HlasiwotJi mid Pfaund'ler ) ; 
in tufts of needles belonging to tho nionooluiic system (Uliisiw otz and Barth). The 
crystals (air-dried) contiun C’H'OMPO and givo off their 1 at. water at 100°. It 
dissolves in water, alcohol, and ether. Tho aqueous solution is coloured dark blue- 
gieoii by ferric chloride, the colour changing to dark red on addition of alkalis. It 
reduces nitrate of siher with aid of heat, and on addition of ammoiiin, but dees not 
reduce potassio-cuprie teitrato [caiboliydrnqiniioiiic acid separates cuprous oxide from 
the latter, in. 216J. Tho dehydrated acid molts at 109°, iind is decomposed by dry 
distillation into pyrocatcchiu (unmixcd with hydroqiiinoiie) and carbomo anhydride: 
0’H“0‘ -= C"H»6“ + 0O“. 

Miielurin (which is resolved by taking up tho elements of water into pratnealeehnio 
acid and phlorogluein) is converted by nttHcent hyib'ogcii eiolved from sulphuric acid 
ami zme, into maclirorain C'yi’°0‘, a-' '■ • ‘ ” ' idy, which quickly tiiriiH 

bine under the iuftueneo of air, light, he i It is probably formed 

from protooatoebuio acid, aoeording to the equation, 

2C’H"0‘ + IP = C‘'11'«0* + 3II-0. 

By tho action of hydrogen in alkaline solution, on tho other hand, maeluriii is converted 
mto an imerystallisablo body probably formed from protoenteehmo ucid, as 

shown by the equation ; 

2C’IPO' + H» = 0»H''-0» + 3H-0. 

(Hlasiwotz and Pfaundlor, Bull Soc. Chim. 1866, li. 147.) 

Tiie protocatachuatos assume a fine violet colour wlimi mixed with ferric salts 
I'rotooateohuate oflarixm forms crystals containing (J''H'"Ba”0* 611-0 (Hlaaiwetz 
and i’fauiidler), .aud becoming anhydrous at 100° (Hlasiwutz and Barth). 
—The calcium-saH contains 0'^H"’CirO".4IPO (Hlasiwotji and Pfaiindler), 
Cuj£iiiQjj''os, 8IPO (HlasiwetzandBarth). — With solution ofneutralmKitato of had, 
tho aqueous acid forms white flocks of a basic salt, C'''lPl^b’0".Pb' O.lPO, -which dis- 
solve m ammonia, pota.sh, and acetic acid (Btroeker). Tin* latter flolutiim when uia- 
poratod deposits colourless grannies of the neutral salt 0'^II"’Pb"0“ 2H*0, which givo 
off their 2ut, water at 140°, and dissolve with difficulty in acetic acid (Strocker). Ac- 
cording to Hhisiwetz and Barth, tho precipitated lead-salt contains C”H*"PbO'*.2Pb''0. 

rKOTO-COlKCPOmros. Tlio prefix yroto was originally used to denote tho first 
of a senes of binary eompouiids arranged according to the number of atoms of llio 
electroiicgntivs clement In this sense, cuprous oxide, Ou’O, nierenioits o.\ido ltg'’0, 
and staniiouB oxide Sn"0, would be protoxides. At present, however, it is most 
commonly used to designate that compound in a scries whieh contains 1 .il. of the eleelro- 
negativc element, a sense which agrees with tho former in most eases, but not in all ; 
Btanuous chloride for example, is a dichloride according to the latter sigiiilieii- 

tion, a proteehlorido according to the former (See NoMia:ciA.TnnE, p. 123.) 

PftOTOCmx:. A grnmtc occraring in Mont Blanc, eonsisting of quartz, orlho- 
claae, oligool.isc, talc, and mica. (Delosse, Bull Soc. giSolog. de hi France (21vi.23«.) 

PBOUSTXTi:. Light red Silver ore. Lwhter liolhi/iiltigere:. Ari,eiidi,dkrhlciiilc, 
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PEOVENCE OIL—PEUNUS. 


A axilpliai'senito of silver oecuiTing in rhomboliedrnl eryatals, m -wliich the principal 
axis of E =. 0’8076, and the augleof the terminal edges = 107° 36' The dominant 
faces are those of the scalenohedrons E* and B", combined with the prism coP2 and 
other faces. Cleavage tolerably distinct, parallel to E. Twins aie of frequent occur- 
rence The mineral also occurs granular Hardness —i — 2 6. Specific gravity = 
5'422 — 6 56 Lustre adamantine. Colour and streak cocbineal-red. Siibtransparent 
to Bubtranalucent Bracture conehoidal to uneven. Before tlie blowpipe it gives oft 
arsenical fumes and on ebarcoal ultimately leaves a globule of silver Dissolves in 
mtrio acid. Gives by analysis 19 61 per cent sulphur, 16’09 arsenic, 0 69 antimony, 
and 64 67 sdver, agreeing nearly with the iormula Ag'AsS" or BAg’S.AsS'’ (H. Eosei 
Hogg. Ann xv. 472). Oecnra in Saxony at Johaniigeorgenstadt, Marieiiherg and 
Anuaberg , at Joacbimstbal in Bohemia , Wolfach iii Baden , Markirchen in .Alsace j 
Ghulanehes in DauphinA, Gnadalcanal m Spam, also in Mexico and Peru, 

FROVENCB OIIi. A name applied to olive oil obtained by cold pressure from 
the ripe fruits immediately after gathering. 

FBirn'EIiIiE SAZiT or Nitrum tahdatim. Bused saltpetre. 


FRimiN'. Syn. with Babsobut. (See Gum, li. 966 ) 

FRTmsTERlTE. A greyish-violet variety of hmestono, from Baroo. 

FBTTM'irS. Plum — 1 Frunus domcafica. — Tlio composition of several vanetias of 
plum, as determined by Breseniiis and others, is given under Bbuit (u. 714, 716). 

The fleshy part of mussel plums has been found by Pay en (J. Pharm [3] xvi. 270) 
to contain 12 99 per cent water, 0'73 per cent nitrogen (in the fresh substance), and 
2'62 ash (in the dried substance). According to W. Tod (J. pr Chem, Ixii 603 ; 
.Tahresb 1864, p, 666) fresh mussel plums contain 9 3 per cent, fleshy substance and 
7 per cent stone. When diied at 100°, the flesh gave 60'7 and the stone SO'Oper cent, 
water, 100 parts of the fleshy substance and of the stones, both in the fresh, state, 
yielded the following qiiantiUea of inorganic constituents 


> P»o!i A1203 C.iO WgO MnO paO 


124 -040 'COl '0(14 


Baisst (Jahresb. 1882, p, 811), found m dried Brench mussel plums a, in Wurtem- 
burg mussel-plums of the ftrst quahty 6, and of soeond quahty o, the following quan- 
tities of water, sugar, and acid 


Water 



32 2 27 9 27 9 per cent. 

48-1 66-S 47'6 „ 

2-6 8-0 8-9 „ 


Ash of Orleans Plmis (T. Bichardson).* 



Entire 

bktn 

Flesh 


Skln^of 


irult. 



Potash 

Soda 

Magnesia 

Sulphune anhydride . 

^ Phosphoric „ . . . 

Berne phosphate 

Chloride of sodiiim . . 

69-21 

0-64 

10-04 

6-46 

3 83 
2-36 
12 26 

8 04 
trace 

68 86 
35 2 

8 26 

9 29 
1-96 

0 81 
9-86 

7 48 

54-69 

8-72 

4-86 

4-69 

3- 23 
315 

16-44 

4- 80 
0-62 

26-62 

194 

8-49 

16-17 

7 11 

2- 38 
33-05 

3- 83 
0-40 

21 69 

7 69 

28 06 

3 77 
6-61 

2 67 
26-24 
4-37 
trace 


99-74 

99 99 

10010 

99 98 

100 00 

Ash per cent. . 

0-40 

0 89 ' 

0-31 

1-64 

0-24 


2. Fninus MalahS.—Tbe bark of this tree contains, besides the usual plant-con- 
stituents, an iron-greening tanmn, an. indifferent bitter principle, phlobaphene, cou- 
marm and calcic oxalate Dried at 100° it gave 11-2 per cent ash, containing 679 per’ 


• Ann. Ch, Pharm. Ixvh., Anhang lum ate Hett ; Jalireaher 1847-40, Tafel C lu S, 1075 
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cent. K*0 (with a littlo soda), 49-20 CaO, 3-44 MgO, 0 33 FeO, 0-04 Cl, 0-20 P=0*, 
0 90 SiOS and 30-19 00‘. (Kittol, Jalirosb. 1868, p 626.) 

3, JPnmus spmosa — The BlaokUiom or Sloe. Ripe aloes, treated suceossivoly with 
different Bolvonts, yield 2-2 per cont matter soluble in ether (iron-greoning tanuin, 
nmho acid and calcium-salts, waxy fat, chlorophyll, and a small quantity of volatile 
oil) , 4-8 per cent matter soluble in alcohol (sugar, iron-greening tannin, nialie aeid 
and calolum-salts, red colouring matter, green rosin) ; 4 3 per cent, matter soluble in 
watei (gum, pectin, malic, sulphuric, and phosphoric acids, combined with potash, 
lime, and mnOTesia, o.xtraotivo matter); I -7 per cent, solublo in hydrochloric 
acid (ferric gallate, matter converted into humous substance, calcic and magnosic 
phosphates) , 16-1 per cont. vegetable fibre (together with the stones, the kernels 
of winch when treated inth w.iter yielded pmssie acid) ; and 70 9 per cont. water. 
The colour of the ripe fruit is duo to a pm-ple-red suhstaneo separated ou the inner 
surface of tlie skin, and agreeing in all essential characters with the red eolouving 

matter of the grape (J. B. En-/., Jaliresb. 1867, p. 623) ^According to Schreiner, 

iiiil. 1866, 691), sloes contain malic aeid, tartaric aeid, and an iron-groonmg tannic 
acid. The fresh fruit yielded 06 4 per cent water, and 0-72 per cont. nsh, containing 
3 48 K*0, 4-3 Na-0, fl-6 CaO, 6-2 MgO, 0-9 Ee'-0», trace of MnO, 0-6 ATO", 0-3 Cl, 
1-8 SO’, 10-6 1»0’, 7-0 SiO’ and 24-1 COh 

FBirssZAJN- Herhwn-blaK. Bleu da Fiusse. Bleu de Pans . — This 

well-known blue pigment coiisisls essentially of hydrated ferric forrocyanido, 
Po’Cy'* 1811-0 = (i''o"')’(Fe’’Cy“)'’ 18H’0, generally mixed with varying quantities of 
potassio-forrous ferricyamdo, ICFo-^Cy'’ «= (KFo")Fo"'Cy®. — It was accidonlally dis- 
covered ill 1704 by Dwsbuch, ti colour-maker in Berlin, wlio was preparing Florentine 
lake by adding earhoimte of potassium to a decoction of cochineal mixed with alum 
ftiid forrous sulphate, and used fur the puvpobc, an .dkali over which tho orapyreumatio 
oil of blood laid been rectified for tho prepavalion of Bippel's animal oil Ou os- 
aminiiig the conditions of its formation, it was found that the blno coloin- could lie 
produced by caleiuing blood witli pol.ish, and precipituting the ley thus obuined with 
ferrous sulphate A more ox.iet clircetion lor its pruparation was first given by 
Woodward of Loudon in 1724. Ifo (loflagratod oqnal parts of tartar and saltpetre, 
Calciucd tho i-csiduo wiLli dried ox-hlood, and pi-ocipifated the resulting .ilkalino Icy 
with ferrous sulpliato and alum, whcroliy a gi-noinsli in-ucipitato was ohlamcd, which 
tui'iied blue whoa treated with bj’drochlnric acid. 

Pui-u ferric ferrooyanide c.m lie obtoiiicd by only one process, iiumcly, by mixing a 
ferric salt with Miliit ton of fcrrocy.iindo of iiotnssmni, keeping the former in oxeoss, tlion 
washing and drying the precipibito Tho product thus obtained, which has a splendid 
dark blue colour, is oficn called ParU Hue. 

For preparation on tile largo scale, bowovor, it is ciistoinavy to use, instead of a 
pure ferric salt, a soliiLioii ot forious sulph.ito (coppci-iis) which bus been partially 
oxidibixl by exposure to the air, and subject tho rc.sull.iug bluisU-whito m-oeipUato to 
the action of oxidising agents. Tho prixluet tliu-s obtained is, as already obsorvod, a 
mixture of ferric forrocyamdu with potussio-fcri-ous foi-ricjauido ( 11 . 228). A commmi 
modo of proceeding is to mi.x solutions of 100 pis. fui-rocyamdu of iiotussmm and Ml) 
ferrous sulphate at tho ordinary temperatm-o, wash tho preinpitato with water , lical it 
with water to tho lioiling point, add 30 pts. nilrle aoid of 28“ Bm., and from 16 to 31) 
pts, oil of vitriol, then wash tho preuiiiitato and dry it by heat. (Goutolo, Biiigl 
polyt, J Ui. 452.) 

This process docs not, howovoi-, yiold a veryflue blue Abetter product is obtained 
by oxidising tho white pncipitalo: a With nttro-umnalto aoul.—h. With ./(«-«.- 
c/i/ornh', which is Ihcroh.y ri dneed to ferrous dilorido, and may ho nsed again for 
pi-eeipilatiiig a .solution oi' the foi'rocyaiiidn. Tlio solution of feme cliloride may ho 
prepared by digesting rod or brown Iiicniatito, free from limo and clay, or the hasiu 
ferric snlph.ito obtained as a rcsidno m tho prop.iriitiou of Nordhansoii suliihm-ic acid, 
ill crude liydrocliloric acid Tho while procipitalo, after nitration, and while still of a 
pasty coiisistoiico, is licati d in a copper vo.ssel to tho boding Jicat, then quickly tui-iiod 
out into a tub, and well mixed by stirring with tho solution of forrie clilorido till it 
has acquired its full depth of colour. Tho liquid, which contains ferric as well an 
ferrous cliloride, is separated by filtration or decantation, and digested with pioeos of 
iron to i-educo it compiletely to forrous chloi-ido. 

0 By a solution of manganic chloride, which in thorohy reduced to manganous cliloride. 
The economy of this method dn)ionds upon local civcumstancos As tho ciminu-vcial 
value of mangaiiesa-oroa depends npmi tho proiiortion of poioxide, MnO’, which tlioy 
contain, and in tho common ores this oxido is often mixed with a con.sideral)loqn.i-illty 
of maiigai'ie oxide, wliicli may bn oxlrael.cd by cold hydinchloi-ie acid in tint form of 
manganic diluridc, this treatment may he applied so us aclnally to luereaso tho value 
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of the oves (tli.it is, their dilorine-produeing power), and at the same time obtain a. 
solution adapted for converting the white precipitate mto Prussian blue. 

d. lij chromvs The white prempilate iB heated to the boiliug temperatme, 

and mixed with an oxidising liquid prepared by dissolving 10 pts. dielu'omate of 
potasBium in 10 pts. hot water, and adding to it when cold 13^ pts oil of vitriol, till 
it has acquired its full depth of colour. The chromic acid is thereby reduced to 
chromic oxide, a compound which posseaees considerable value ns a colouring master. 

Whatever be the oxidising agent used, it is essential to the production of a fine 
colour that the white precipitate be converted into Prussian blue entirely by its agency, 
and not by atmosphorie oxidation. Por this reason the forioiis sulphate must be as 
free as possible fi-om feme salt, which end is best attained by placing some scraps of 
metaUio iron in the vessel in wliich the soluhon is left to clarify before use, by which 
also any copper that it may contain is predpiitated , and the wliite precipitate, as soon 
as formed, iiiiist he filtered as quickly as possible, and immediately subjected to the 
action of the oxidising liquid. (W agn er’ s JahrcilKsrwht der Clmmsolien i eohnologie, 
1856, p. 88.) 

Common or basic Prussian blue is an inferior article prepared by the following 
process, which is the oldest of all the methods. A solution of 1 pt forroiis sulphate 
and 2 to 4 pts. alum is precipitated by solution of ferrooyaiiide of potassium prepared 
as desonhed under Cyanides (ui. 231), and the dark-coloured precipitate, consisting of 
a mixture of alumina, ferrocyamde of iron and potassium, aud hydrated sulphide of 
iron, is w.ished with cold water, till by the action of the air, the sulphide of iron is 
converted into ferrous sulphate, and washed away, and the potassio-ferroiis ferroey- 
amde is converted, with loss of ferrocyanide of potassium (ii 228), mto Prussian blue. 
The chief use of tlie alum is to saturate the free alkali contained in the crude solution 
of the yellow prnssiate, and prevent it from forming a precipitate of oxide of iron, 
which by its red-brown colour would spoil the blue The precipitated alumina renders 
tlio blue paler, but on the other hand, it adds to the weight of the product. Prussian 
blue thus prepared may be freed from the greater part of the alumina, hasio feme 
sulphate, potassium-salts, aud other impurities, by digestion with dilute siilphm’io acid, 
and subsequent washing (Turner), or by dissolving it in strong snlphuno aoid, pre- 
cipitating with water, then digesting it iu hydroehlorio add, and again washing with 
water (Berzelius, ie/w4itoA) 

Attempts have been made to utilise the waste lime and hmo-liquors of gas works 
fpr the preparation of yellow prussmte and Pimaaiaii blue This gas-lime contains 
cyanide of ealoiiim ond cyanide of aminomiira, as well as free ammonia. The latter is 
expelled by the action of steam , the residue is lixiviated with water ; and the solu- 
tion, which contains the cyanides, is converted by addition of iron-salts into forrooy- 
anides and Prussian bine A patent for this use of gas lime was taken out in this 
country by Mr. Spence in 1837, aud a similar process was patented in Prance by 
Krafft m 1836 (Dingl polyt J exxxv. 393). According to Krafft, 1,000 pounds 
of gas-lime may be made to yield from 12 to 16 pounds of Prussian blue and 16 to 20 
pounds of ammonia-salts. 

According to Polil (J pr Chim. Ixiii. 382), Prussian blue is sometimes adulterated 
with starch turned blue by iodine. This (somewhat improbable ) adulteration may 
be detected, if in large quantity, by the smell of hydriodio acid emitted on boiling the 
substance with water, and if in smaller quantity, by holding in the mouth of the test- 
tube in which the Prussian blue is boiled, a strip of starched paper moistened with 
very dilute hydi’oohlorie acid , if lodme is pienent the paper be turned blue, 
Prussian blue is sometimes also adulterated with chalk, gypsum and clay 

Propel twb — ^Puie Prussian blue has a very dark blue colour. It usually occure in 
hard brittle lumps having a coppery lustre and oonchoidal fracture. It is very hygro- 
scopic, modorous, tasteless and not poisonous. When ooutaminatod with alumina, 
clay, &c , It has a paler eolonr and more earthy fracture. As a pigment, Prussian blue 
possesses great body and covering power It is extensively used both alone and mixed 
with other colours With ehromo-yellow it forms a delicate green called green 
cinnabar. Bespectmg the reactions of Prussian blue, see Cyanides or InoN 
(ii. 228). 

PRUSSIC ACID. Syn. with Hydeooyanic Acid and Cyanide oe Hydbooen 
(ii. 214). 

PRUSSHT or Prussian A name applied by Graham to a hypothetical radicle, 
C”N'‘ •« Cy* or Pr, polymone with cyanogen, which may be supposed to exist in the 
ferro-and ferneyiinides , e.g. [Pe=. 28], ferroprnssic acid = (H-}?^)Pr, ferricyanide of 
potassium, (K;“F6-)Pr, &c. he. 

PRZlBRAnilTD, A name sometimes a;^pliedto blende, Zu"S ; also to a variety 


of gotliite, Fo’O’.H'O, c.Jlpd also Bamniet-blendc, both of which occur at Przihram in 
Bohemia. 

PSATYBIIir. Syn. with Habtin (ui M). 

PSEtJDO-ACBTIO ACID. Syn. with BuTiBACETio Aoin (i. 088). 

FSEVSO-AXiBITE. Syn. with Anub.sin (i. 291). 

PSBITDO-AIjlCABia'IN', Syn with Anchusin (i. 290) 

BSEUBO-APATXTE. Opaqne cryutala of partially decomposed apatite from tha 
Churpi'inz mine near Freiberg. 

FSEUBOBUTYIiIC AECOHOE. SpoTetbylio Ai.conots, 

PSEUBOCHBYSOEITE, a green ohsidi.ni from Moldautheiii in Bohemia. 

PSEtTBOCEBAIKT. A name given by ■Warington and Briineis to an aiiiorpliwm 
neutral fatty substance obtained by saponifying bcpsw.ix wttli potash, and precipitating 
with an acid. (Handw. d Ghein. vi. 682.) 

PSElTBOCTTBABlirE. (J Lakowski, Rep Cliini. app. lii. 77 )— An alkaloid 
obtained, together with oleandrine, from the leaves and brunches of the oleiunler. 
{Nerum Oleander). By exactly preeipitiiting tho concentrated aqueous deeoetion wil h 
tannic acid, washing tho precipitate with a httlo cold water, and then treating it iiitli 
aqueous tannic acid for a short timo only, tiinimto of psoiulo-ourariiie is obtaini'il 
in solution, while tannato of oleiindriiio rcniams behind 

The solution of tho former is boiled with finely pulverised litharge, the ftltiMfo 
evaporated nearly to dryness, the residno freed from oleandrine Iiy ether, anil the por- 
tion insoluhlo in that liquid is dissolved by aleoliol. 

On evaporating tho alcoholic solution, psoiiilo-cuvarin e reinains as a yellimisli, 
tasteless, inodorous varnish, lory soluble in witer and in alcohol, insoluble in ether, 
and non-voliitiln It nentridiBes strong acids, but does nol form crystallisalile s.dts. 
The snliilimis are precipitated liy inereiiric and platinic cliloridcs. Psuudo-curariiio 
appears to have no action ou the animal organism. 

Tile taiiii.ite of oleandrme loft uiidissolved as above is laki-n up by ether ; ami the 
solulioii is Ireated witli rpiiekliine, wlucli precipitate.s tanine acid anil chlnropliYll. On 
leaving tlie filtrate to evaporate, nlo,i.ndi’i ne is obtained as a slightly yelloiiish resi- 
nous, very bitter subsUuico, shglitly soluble in water, easily soluble in alcohol and in 
etlier. It aiipears to form unerysUdllsahle salts, tlio solutions of which lU’o precipifaleil 
by the clilorides of gold and platinnni. Oleandrine nets as a local irrltiiul, prodaoing 
violent sneering, vomiting, purging, uml intermittent fetamis, sometnnes witli ftil.d 
results. When injechd into tlie jugular vein of a dog or a r.ibbit it quickly Uc.stroys 
life. 

FSBVBOBIAXEYE-AECOHOXf Soo SreoNnABY Ar.enimiN. 

FSBITBO-EBYTHBIKT. An old name of etliyhe orsellinato (p 230). 

FSEVBOKE3CYE-AECOKOE or Vudljilvi Mmiuh;idrati\ Seo SncosnvnY 
Anconois. 

FSBUBO-HEXYB-CXiTOOXi Or Diallf/lio Dihffdratc. See ftnuONiiAiiY At.couuLS. 

FSEBBOEEUerN’E, See LnuoiHJi (in 682). 

FSBirBOEIBETHEN-ITE. Cu«rH)".CuIRO».lRO. (See I’HOSl'ItATKS OV 
Copper, p. 661.) 

FSEUBontAEACKITE. Syn, with pHiispHOCAua™, Cu*l”O".;iCuIF0* 
(p. 661). 

FSBTTBOKOBFH. A mineral having a definite form, belonging, not to the 
substance of which it actually consists, but to somn other sulist.iiiee wliieli ii.is 
wholly or partly disappeared. Psoudomorpihs liuvo been classed under four prmi'ip.il 
heads . — 

1. Psrudomorphs hy ultemLwn . those formed by a gividiial change of composition m 
tho spceie.s, as when uugito is altered to steatite. 

2 Py subsiituiwii , tlio.so formed by the replacement of a mineral or other substaiiee 
whidi has been removed, or is gradually undergoing removal ; o. g. the pelntleatum of 

3 By mcrnstration : those formed by the incrustratioii of a crystal, winch may bo 
subsequently dissolved uwaj', the cavity often being subsequently filled by iiillK ration ; 
e g. tho change oT fluor-spar to quail/ 

i. Iiy paramoiphtm : those formed when a nimer.il passes fmm one ilminrplipiis 
state to another , c.y. change of arngonite to ealesjiar. (Hce (li oioOY, ('iiiiMisriiY nr 
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ii. 833-836 , also Daaa’s Mineralogy, i 222, -where a table of pseudomorphs is 
given.) 

PSBUSOmORFBXITS:. See HonPHiKB (iu lOdl). 

FSBUSO-ORCIlff. Syn. with EnYTHBOMAlonSCB (li. 504). 

PSBTTDO.PROFYIiIC d.XiCOBOB. See TmTYLlO Aj.COHOI.8. 

PSEUSOPHITB. A serpentine-like mineral from the Zdjar mountain near 
Aloysthal in Moravia i of specific gravity =.2'76 — 2 77, and containing, according to 
Hauer, 33 42 per cent SiO*, 16 42 APO», 34-04 MgO, 2 68 PeO, and 12 68 water, 
whence the formula 3(2Mg0.Si0“)(Al’0“.Si0®) + fiffO. (Henngott^ Wien. Akad. 
Her. xvi. 170 ) 

PSBUDOPxrRPirBIldr. See PnBPUEm. 

PSEUDO quARTZIXB. A rock occurring in the Val-de-Tigties (Tarentnise in 
Savoy), very compact, of greyish white colour, and consisting of slender laminae inter- 
laced and cemented together hy a qnart?-like snhstanee. Specific gi-avity = 2 704. 
Contains 79'00 per cent iSiO-", 16 63 Al’O’, 0 44 Pe*0“ trace of lime, 0 94 MgO, 
2-72K''0 (with trace of soda), trace of chlorine, and 1 68 water. (A. Terreil, Compt 
rend, liii, 120, .Tahresb 1861, p 1082.) 

PSETTDOQXrzu'ZBB. A peculiar base said to have been obtained byMon- 
gaiduque(Gompt. rend xi.vii 221)fronia cinchona eitiaot of unknown origin. It 
neutralised aoids completely, decomposed ammonium-suits, was insoluble in ether and 
in water, but soluble in alcohol, from which it crystallised in irregular prisms. Its 
solution in chlorine-water assumed a reddish-yellow colour on addition of ammonia, 
whereas quinine similarly treated turns green. It was tasteless, and its sulphate, 
which orystiilhsed in flat prisms, wos scarcely hitter. The base gave by analysis 
76 6 per cent carbon, 8 16 hydrogen, and 10 3 mtrogen. 

PSEtmoSTBABOPPETiTBS. A term iippliod by Klotzsoh (J. pr Ohem 
Iv, 242) to the solid crystalline bodies separated by reduction of temperature from 
certain volatile oils and resins, and distinguished from tho true slearoptenes by 
their greater solubility in hot water; such are the alyiia-eamphor from A7//.viVi ato- 
matica, geranium-camphor from Pdaigonium odoi-aiisawiiMOJ, ooumarin, the camphor 
ai Anthuxanthumodoiatum, auricula or primrose camphor ti'ora PnnmlaAurioula, and 
tile camphors of sevoral otlier species of tho s.imo genus. These pseudo-stearoptenes 
often separate on the outer surface of the plants, ns in Primula and Ce) optei is. 

PSBDDOSTIUkPITB, A mineral externally resembling talc, filling a cleft of 
the serpentine of B.ithgnte (Linhtbgowshiro) It is brittle, unctuous to the touch, 
has an uneven fmeturo ; hardness = 2 2, and specific gravity =. 2 469. Two analyses, 
a by Thomson, b by Binney (Ediub. Phil. J. 1862, xvi. 66), gave . 

SIOI AW. CaO. MgO. FoO. H^O. 
a. 4189 22-06 2 42 0-16 6 62 20 22 = 90 36 

4. 42-78 22-68 2-54 6-76 6 81 18 68 = 99 60 

PSEVDOsuEPKOc-srAWOOEH-. Syn. with pEnstntPHocvAifoeEir (p 380). 

PSEVDOTADCITE. A mineral from the Val d'Arbonne (Tarentaise in Savoy), 
appearing under the microscope to consist of greenish, transparent, crystalline laminee 
and small pyramidal qnai-tz-erystida. Before the blo-wpipe it loses its greenish colour, 
and in snndl pieces melts easily to a Btony--viti-eons wliitieli mass. According to 
Terrell (Compt. rend. Im 120) it contains 86 08 per cent sihea, 8 60 alumina, 1-40 
ferric oxide, 0 77 lime, 1-31 magnesia, and 2 66 potash, -with a ti-ace of soda 
(= 100 60) 

PSEVDOXOEXM’E. The name applied by Brandes to a light yellow poisonous 
extract prepared from belladonna leaves; soluble in water and aqueous uloobol, inso- 
luble m ether and in absolute alcohol, precipitated by tincture of galls and acetate of 
lead, coloured gi-eeu by u-on-salts.' It is not a pure substance, and owes its poisonous 
action to tho presence of atropine. (Handw vi 683 ) 

PSEUDO-VEXC ACID, C’HTiW (Schlieper andBay er, Instit. 1880, p. 182; 
Jahi-asb 1860, p. 3-27.)— An acid obtained by the action of potassium-eyanate on 
dialnraimda (nrainil). Its potassium-salt is deposited in the crystalline form when 
dialm-araide (or murexido) is heated with excess of potassium-oyanate till the liquid no 
longer turns red on exposure to the air , and on mixing the solution of the reerystallised 
salt in potash-loj with hydrochloric acid, the pseudo-nrie acid is precipitated as a white 
crystaUinc powder made up of small prisms It does not lose wSght at 100°, 13 
tasteless and inodorous, very slightly soluble in water, but easily soluble m caushc 
alkalis. It decomposes carbonates and acetates, and readily yields alloxan when 
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tveatad with nitric acid, Wlieii suspended in water and heated with peroxide of lead, 
it givog off carbonic anhydride, and yields oxalato and psoudo-urate of lead, but no 
allantoin ; the mother-liquors probably contain oxalurato of lead as well os urea. 

The pseudo-urates are easily obtained by the action of the acid on the cor- 
responding bydi’otes, carbonates, or acotatob , or they may bo produced directly by the 
action of dialaramiflo on tlio corresponding cyanates 

The ammoniuni-aalt, C‘H‘(NH')N'0' ffO, crystallises from the solution of the acid 
in hot dilate ammonia, in small lamina; or bulky needles, which are not more solublo in 
strong than in dilute ammonia, and do not take up an iidditiumil quantity of ammonia. 
It docs not give np its erystallisalion-wator till heated above 100=“ ; at 130^ it Uu'iis 
red and gives off ammonia — Tlio and tmi/itte-saffs resemble the ammonium- 

salt.— The poiaasiiiM-ba’t, C'H'KN'O^ H-0, forms small shining scales winch do not 
give up their w.itcr till lioatoil .ibove 1 10°, and decompose and turn red at 180°. — 
The sodmm-aalt, G’H’'NaN'Ob2II-0, forms ciiullHowor-like groups of prisms, easily 
soluble in hot wiiter, and giving off their water of ciystallisiition at 140°. Prom its 
solution in caustio soda it separates m the amorphous state, but without cbiiiigo of 

The banum-sidf, C ‘’n‘“Bu''N"0" .OH-'O, forms spherical groups of long slender 
Beodles — The oaloium-ialt is obtained in fine prisms on prooipituting tlio solution of 
oitlier of tile alkali-metal salts with oliloriilo of calcium. 

The ciipno, memirous, mercuric, and had-sn/ia are also crystallisiiblo, the last with 
1 at water , the silver-salt is very easily decorapo.siblo. 

PSBVSOVSKATniN'E. C"H“'‘N''0“? — A resinous substaneo olitaincd from 
sabndilla-soods : also called Veratrm-resin, and Hehninc (from IMonias ojlicmidis, the 
plant supposed to yield those seeds). It is prepared by treating tho alcoholic extract 
of the seeds with water containing buljihurio iiciil, adding nitric acid by drops to the acid 
liquid, dncauting tlio solution from tlio pitchy sub.staiice tliureby separ.ited, and pre- 
cipitating with potash Tho resulting procipilato is dissoliod in alcohol, and tliii 
yellow resinous mass winch romaiiis on uinporaling off the alcohol, is treated witli 
water to extract sahaihlline, iiiid with ether to extinct i oratrino. Psondoveralrino then 
roniains behind It is a brown substimec, solid at ordinary temper.it uves, melting at 
183°, and docoinposing at a liiglior temperature, with evolution of tiitrogeiioiis pro- 
ducts. It is soluble ill uleiiliol, iiisolulilo in water and in oilier. It dissolvos in aeuls, 
but docs not iioiitraliso tlioiu ((Joiiorbo, Ann. Oh. I’iiys [2] lii. 332.) 

psxx>o»ii:BA.Krxi. ."seo MA8HJS.tn.SE, Oxiiu.s or (m. 812). 

FSOBABBA. The iindriod root of I’soraku escidmla contains IlMi:! nitrogen ami 
1 07 ash (Payen, Jahmsb. 1819, p 708) — 1‘soiiileu i/lamlitloaa or /fer 2 >ar<uiuiii/c)ista 
is the plant wlioso dried luavos yield Par.iguay-teu (p. 349). Aecoidiiig to Lunolil o 
(j. Pharm. [3] xviii. 109), this substance cuutaius a puculiac crystallisablc mlvogo- 
nous body which lie calls iisoralline ; but it is doubtless idontic.il with cujjhiic, winch 
has beeu shosvu by Stciihouso to exist in tho dried leaves to tlio amoiial. ot 1 1 to 1‘3 
por cent. 

PTEIiEVIi. G“H“. — A r.idicle supped by Kano to exist, in the mesilyleue- 
compounds. tlius, triehloromesitylono (JWCl* wiw regarded .is clilonde of l>tu!iyl, 
OT^'Cl. 

PXERlTAJJMriC ACin. (Luck, Jalirb. pr. Pliarm. xxii. 173; 

<Jm. XV. 600.)— An acid cuiitaniod, toguthor with tanu.mpidie, avid, in tlui root of 
Aspidiiini H'dix mas When the eoarsely jioitnded root is liiitled With aleoliolof 73 lo 
80 per cent and the dccoclion is mixed with water, a small quantity of hydioehiurio 
ncid, and pulvonsed sulpliata of sodium, a prceipitiito is foumeil cmitaiuiiig the two 
acids. This precipitate IS eollcctocl, washed with solution ol sodic siiliili.ito, pros.seil, 
again triturated with water, and digostod for half an hour at C0°— 8I)°, with water 
containing liydrochloric acid, whereby ammonia and oilier Uises aro roiiiovod. Tlio 
rosidwo washed ivitli water, dried, ami exhausted with ether free from .ilciiliol, yields ii 
solution of pteritannic acid and a residuo of tiiiiunspidie acid. The etliere il soliif ion 
leaves on evaporation a bluek-brown rosidiie, which is digested with di.st,illed mineral 
naphtha as long as tho oil is thereby coloured brown. Tlio iuidis.sol veil powdi'r la 
collected, pressed, triturated and boiled with water, tho resinous cake is lUssohod lu 
otlier, and tho solution is ov.iporutud 

Pteritannic acid thus obt .lined is a black-brown, amorplious, shining raass, yieUliiig ii 
fawn-coloured electnc powder It is tasteless, but lias a Ihiiit odour and sliglit acid 
reaction ; insolubib in water, but solublo mtilcoliol mid ethor. Tlio uleoliolle sohitum 
forms brown precipitates with the chloridos of b.irhim ami caleiiim, .mil grcoii preeipi- 
tates with ferrous and forric salts. 'With liiisic aeetate of lead or with excess of tlio 
neutral acetate, it forms a preeipitalo contaiuiug C’'lP*l’b''0", and the liquid llUerul 
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thflrefi'om yields with ammonia a precipitate containing 2C’®®Pb"0".Pb"IP0“ , by 
precipitation with a smaUor quantity of the neutral acetate, an acid salt is formed 
containing C^HW'O'.O^H^'Os ? 

TetraiMoropterttannio aojd, is a light loam-coloured powder obtained 

by passing chlorine into water containing pteritannic acid in solution. It reacts with 
metallic salts like the latter. The alcoholic solution yields with basic acetate of lend 
a salt containing G“*H“^Pb"Cl*0“.H’0 . — HexcUoi optontannw amd, is 

obtained, as an orange-colonred powder, by the action of dry chlorine on pteritannic 
acid Its alcoholic solution yields with basic acetate of lend a precipitate containing 

So-called Mhylptiritaimic acid Wlien a solution of pteritannic acid in absolute 
alcohol is boiled with a small quantity of hydrochloric acid, a purple-red solution is 
formed which, when mixed with a small gnantity of water, deposits a black-red resin 
containing and when dropt, with agitation, into a large quantity of water 

yields a light purple powder hawing the composition Luck regards these 

products as containing respeetively C“'-J5n'“0'“ = iO‘'E'*(y O'lPO and =. 

; hut neither of them has actually been resolved into pteritannic 

acid and alcohol. 

FTVAl<n>'. A sulphurotted albuminous substance contained in the saliva of the 
parotid gland; it differs in some of its reactions fcom albumin, mucin, andcasam, 
(Oovnes, J. Pharm [8] xlii. 92.) 

PTVCHOTIS ATOWAXT. An umhelliferons plant growing abundantly in 
Eajpootanah and other parts of Central India, and well known for its aromatic and 
carminative properties. The seeds, which resemble those of the caraway, excepting 
that they are much smaller, havo a veiy agreeable odour, like that of thyme-oil, and 
wbon repeatedly distilled with water, yield an essential oil amounting to 6 or 6 per 
cent, of fiieir weight and consisting of a hydrocarbon isomeric with oil of turpentine, 
holding in solution a camphor or steuropteue identical with thymol 0'“H‘'0 (q t ). 
The liydrooarhon separated by froctional distillation and purified by treatment with 
chloride of eidciiim, potash, and potassnun, is a colourless ai'omatio oil boiling at 172“, 
and havmg a density of 0 8fil at 12°. AVhen treated with iiydroohloric acid, It yields, 
not a oryatallme compound, but a brown mobile liquid, ^tenhouse, Ann, Oli. 
Phaiun xciii. 269; xeviii. 807; Chem Soe. Q,u. J. ix. 23i, — ^Ilaines, Ohem Soc. Qu. 
J. viii. 289.) 

PVOOXNB, A doubtful alkaloid said to exist, together with sanguinarino and 
another alkaloid, colled porphyroxine, in the root of Sangmnana canadensis, (G D. 
Gihb, Pharm. J. Trans [2] i. 464.) 

PUDDIIMO. See InoN (ui. 347). 

pmCrSAXIBBA-CAMPHOB. Syn. With Anbmoktn (i. 291). 

PUMtCB. See OssinrAjt (p, 109). 

PtTHAHXiXTE. Syn with Poohxhmte (p. 688). 

PITN'ICA, The root-bark of the pomegranate (Piinica Oranatmn) yields when 
air-dried, 13'22 per cent , and when dried at 100°, 16 02 per cent ash, containing 
475 (with U-ace of soda), 48 87 CaO, 1 84 MgO, 0 76P6’0», 2-12 P“0“, 3 29 SiO», 
0'98 SO«, 0 46 01 and 38 76 CO^ (Spiess, Jahresb. 1860, p. 660.) 

PinflCIN'. An acrid uncrystaUisable substance obtained from the hark of tiie 
pomegranate tree. (Bighini, J. Pharm, [3] v. 298 ) 

PXJBPIiB, AXTlIiXmE. See Anihot-diiis under PnsuvniJtmB (p. 466), 

PtniPIiE OP CASSnrs. See QonD-Puiiri,E (ii. 938). 

PtTRPBE COPPER. Vanegated Copper. Erulescite. A native sulphide of 
copper and iron (ii. 78) 

PERPIB CRtroRlKT. A term applied by Stokes (Proc Eoy Soo.xiii, 367) 
to the oolom'ing matter (cruoriu) of the blood when partiaEy deoxidised ; in its more 
highly oxidised state, it is colled scarlet orwmm. 

PURPVBATES. Scheele, in 1776, observed that the solution of uric acid ;n 
nitric acad reddened the skin and left a deep-red residue when evaporated. Prout, 
in 1818, obtained this colouring matter in the crystalline form, and regarded it as the 
ammonium-salt of a peculiar acid, purpuric emd, by double decomposition he 
succeeded in obtaining other metallic purpurales, which were similiStly coloured. Ila 
regarded the colourless siihatanco which is separated from purpm-ate of amniuiiiuni by 
strong acids (mui'exaii) ns purpiuuc acid. Liebig and Wohler (Ann. Ch. Pharm. 
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xxvi. 319), showed that Prout’s purpuric acid did notposscsB the property of forming 
coloured salts, and so could not bo considered os the acid of tho purpiiratos, further, 
they regarded Prout’s compound, not as an ammonium-salt but as an amide, and pio- 
posed to designate it murexide. Later researches, however, by Fritzscho (J. pr. 
Chem. xvi. 380; xvii. 42), and Beilstein (Ann. Ch Pharm. cyii. 176), tend to es- 
tablish it as a true ammonium-salt. 

Purpuric acid has never been isolated, being decomposed when its salts are treated 
with a stronger acid. Taking the formula of tho ammonium-salt as C'E”]?”©" •=. 
C"HXNH^)N‘0“, the acid is represented by the formula Laurent 

(Compt. rend, xxxv. 629) regards it as murexaiiio acid, the amie acid of alloxantin or 
miirexic acid Beilstein considers it as a dibasic aoid, and regards murexide and other 
normal pnrpnrates as acid salts. 

Pmpuratps are dll distinguished by their splendid puiple colour ; many are gold- 
gi'ewi by reflected light. 

Purpurate of Ammommn or Mnreaiide. — ^This salt is formed in a great 
variety of eircumstanoea . — 1. By heating dialiirato of ammonium- 2C'H*N“0'’ +. 0 = 
0“H"N“0‘' + H'O (li. 316), — 2. By tlie oxidiitiou of di.ilurivmida by tho oxides of 
silver or mercury. — 3 By exposing to the air, or adding alloxan to, an ainmoniaoal 
solution of dialniamido- +• 2NH» - + H'O.— 4. By tho action, 

of ammonia on aUoxantiu (i. 139). — 6. By exposing to the air an aminoniacul solution 
of murexan. A solution of tine aoid m dilute nitric acid, as it contains aUoxan and 
alloxantin, yields purpurate of ammonium on addition of ammonia. It is by this 
process tliat murexide is prepared on the iiiniiufacluriiig scale for use in dymiig. 
According to Boilsteiu, tho best method of preparing niureiule is by the action of 
morourio oxide on dialuramido. 4 pts. of diiilurumido and 3 pts of mercuric oxide aro 
dissolved in 30 to 40 pts. of water, a little ammonia is added, and tho whole is boiled 
for a few minutes, and filtered off; the filtrate on cooling deposits crystals of muvoxido, 
the quantity of wliioh is iaoreased by ndeliiig carbonate of ammonium when tho liquid 
is nearly cool Gregory prepares it by dissolving 4 pts alloxinitiii and 7 pts. tutra- 
hydrated alloxan in 240 pts. boiling water, and .idding 80 pts. of a cold satuiul od 
solution of carbonate of ammonium Prititschc’s method of adding civrlioiuite of uiimio- 
niuin to a boiling solution of ivlloMiii probably depends upon the formation of alloxan- 
tin by the action of heat on the alloxan-KOliition, since with pure alloxan no murexide 
is obtained. Gineliii obtains it by tlio loiig-coiitimied action of dry ammonia on 
flnely-poundod alloxantin, tho resulting brown-red iniisa being repeatedly pulverised, 
and exposed anew to the action of tlio gas ; the free ammonia is tlieii removed, and the 
product dissolved iii us little hot water as possible, and crystalhsod. 

Purpurate of ammonium erystalliaes in foui -sided prisms, which aro garnet-coloured 
by transmitted, rich gold-groou by reflected, liglit. They contain 1 at (fl-64 por euiiL) 
water of crystallisation, wluoli they lose when heated to 100^, or when dried in vacuo, 
over sulphuric acid , they aro thou converted into a brown-red powder, which acquires 
under the burnislier a green colour and metallic lustre. It is slightly soluble in cold 
water, more easily in hot water, forming a splendid purple solution ; lusolublo m 
alcohol or other. Tlie aqueous solution of purpm-ato of ummoiiium is decomposed by 
hi/drocMorio or sulphuric add, inuioxan being precipitated, while the supeniatant 
liquid contains aUoxan, alloxantin, urea, and ammonia. Purpurate of ammoimim' 
dissolves in cold potash, with ovolulion of aramouia, forming an indigo-blue solution, 
wlueh is decolorised by heat, after winch the addition of snljihurie ucid precipitates 
niuroxnn. Nitric acid converts murexide into alloxan. An aqueous solution of 
murexide is decomposed by sulphuretted hydrogen, murexan being precipitated, while 
the suponiiitant liquid eon tains alloxantin and diulurie acid, no hydi-osulphato of 
ammonium is formed. Heated with oyamte of potassmm, it yields pseudo-iu'ato of 
potassium (p 745) 

VariouBformulm li.ave boon proposed for pnrpiu-ato of ammonium Liebig and Wohler 
give C“H“N“0\ Kodwoiss, O^II'N^O^; Pritzseho, 0"H“N“0"-®. That adopted by 
GmeUn, Gorharft, Laurent, Beilstein, &c., and now genorally accepted, is CyPN'O". 
The foUowing are tho results of analysis ; 

KodivolBS Frltzecho UfilsUiin 

Cnlc. atlOlP. L. andW. Lloblg. at 100“ al IOO“. 
C« 96 33'80 38-96 34 08 34-4 34 93 34-18 

H“ 8 2-82 2 70 3-00 3-0 2-83 3-11 

N" 84 29 68 36-34 32-90 31-8 30-80 30-36 

0“ ^ 33-80 22-00 30-02 30 8 31-44 32-30 

C“HW0‘ 284 100 00 100-00 100-00 100 0 100-00 100-00 

Murexide is used in dyeing for tho production of various shados of red, purple, and 
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jfell w. Its aolution mixed with memiric salts pioducea fii\o Jed and pnvpls colours on 
silk, wool, cotton, and leather, and with zinc-salts it yields orange and yellow colours. 
The colours thus obtained are very fcash and brilhnnt, and may be exposed to light 
without fading , they are however excessively sensitive to the action of siuphurous acid, 
which tarnishes and diacolonrs them with extreme rapidity This is a great drawback 
to their employment m places where the use of coal-gas has become general 

A few jyears ago, murexido was very largely nsed for dyeing and cailoo-printing, the 
weekly yield of one factory alone, that of Mr. Eumiiey of Manchester, having amounted 
to no less than 12 ewt. ; but it baa since been nearly driven out of tbo field by the 
aniline colours. (Eeport on MwesAie-dyevna by E Kopp, Eip. Chim. app i 79 ; 
Mso Hofmann’s Seport, 1882, p. 118.— Jahresb. 1857, p. 649 ; 1868, p. 671 ; 1860, 
p. 762.) 

Fwrpurate of Fotass^um, 0“H'‘KN“0“. — Obtained as a brown-red crystalline 
powder, when concentrated solntious of purpnrate of ammonium and nitrate of potas- 
sium are mixed together ; when freed from murexido by boiling with nitre, and ro- 
cryatallised, it is obtamed in crystals resembling those of the ammoninm-salt, but 
darker. It is slightly soluble m water, still leas m saline solutions. After drying at 
100® it loses 3-04 per cent, water at 800° (Fritzsche); 2 95 per cent. (Beilstoin). 
The deep blue colour of a solution of murexida m cold potash appears to be owing to 
the presence of a basic potassium-salt. 

The soditcw-ealt, 0“H^NaN*0*, is obtained like the potassium-salt. 

The barium-salt, 0'®H*Ba"N"’0'®, is obtained by precipitating acetate of barium 
with murexide. It is n dork-green powder, which becomes purple-red when triturated' , 
slightly soluble in water, forming a purple solution. At 100° it loses 8 78 percent. 

The strontium- and caloiwm-salts are similarly obtained with nitrate of 
strontium and chloride of calcium. They are shghtly soluble with a piu'ple colour 

The magnesium-salt is very soluble, with purple colour. 

The lead-salt has not been obtained pm-e. Mm'exide added to an acid solution of 
acetate of lead gives a red solution which gradually deposits red crystals which are not 
homogeneous. 

Silver-salts . — ^The mono-argentio salt, C'‘H'‘AgN‘0', is obtained when a rather 
dilute solution of murexido is added to a dilute solution of nitrate of silver acidulated 
with nitric acid. It forms crystals resembling those of the ammonium-salt , it gives 
off Its water (6 71 per cent ) at 100°. 

A di-argeniio salt, C*H’Ag®N‘0^ is obtained as a hrown-red powder by precipitating 
a cold saturated solution of murexide with nitrate of silver. With ammoniaoal nitrate 
of silver, murexide yields a deep violet precipitate containing CTOAgWO" 2Ag®0. 
(Bailstain.) 

A solution of murexide is coloured yellow, but not precipitated, by trichloride of 
gold or tetrachloride of platinum. (Boilstein ) F. T 0. 

Zsopurpurates. C“H'‘MN“0'' (iii. 433). — These salts, produced by the action of 
cyanide of potassium (and other cyanides) on picric acid, have the same composition 
as the purpurates, and resemble them veiy closely in their properties , indeed ismur- 
pumlo of aminoiimin is imdistinguishabla from murexide, and according to E. Kopp 
may be used for dyeing in the same way as the Utter. 

Metapurpurates, O‘H=MN^0< (Ffaundlerand Oppenheim, Bidl. Soc. Ohim. 
1866, li. 99 ) — The poias8iim-sa/t, C“H''KN’0'', is produced by the action of cyanide of 
potassium on dinitrophenic acid, and differs from the pumurato or isopurpiirato, 
CffElN'O”, in the same manner as dinitrophenic acid differs from triiiitrophenio 
(picric) acid, that is to say, hy contaimng 1 at. hydrogen more, and 1 at. nitryl less. 
It IS prepared by dropping a solution of potassium-cyanide heated to 60° into an 
aqueous or alcoholic solution of dinitrophenic acid, and separates on cooling in the 
form of a very dark-coloured crystalline powder. It may be pm-ifled by washing with 
p small quantity of cold water, reerystallisatipn from warm water, then pressing it in 
a cloth and drying over oil 5f vitriol When moist or m solution, it is very imstable, 
being deconiposed at the temperature of the water-bath, but if once dried in tho uir, it 
may be heated to 100°- without decomposition; at that temperature it retains 1 at. 
water of cryatalhsation, which it gives off (7 31 per cent.) at 160° ' 

The solution of this potassuim-salt gives dark-brown precipitates with most melallie 
solutions and with the chlorides of barium and strontium. The silssr-falt, C^HAgN^O^- 
which IB ted and has a green metaihe lustre, obstinately retains a portion of the 
potassium-salt used in its piepaiation. 

rxmvURjilN or StraPURAMlBB. (Stenhonse, Proc. Boy. Soc. [1803] 
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xii. 633, xiii 146— Sehiitzonliergor nntl ,Schiff(>Tt, Bull. Soc. Miistf, do 
MulliousB, 1864, p. 70 ! Jaliresb. 1864, p. 643 ) — product fornu'd by tlio uetion of 
ammonia on plupurin. A recently prepared solution of purpuriii ip nuimonia deposits 
purpurin unaltered on addition of hydrochloric acid , but if left to itself for a day or 
heated to 100°, it yields, on addition of hydrochloric or dilute sulphuric acid, .i dark 
yiolet-coloured precipitate, which dissolves in alcohol witli deep violet colour, and sepa- 
rates therefrom in crystals resembbng miirexide (Schutzoiiberg and Sehiffort) ; 
in dark cnmsoii microscopic needles, exhibiting a fine iridescent green colour by rofleeted 
light. (Stenhouse.) 

Stouhoiise designates tins substniiee as piirpnrei'n (from its analogy to oreei'n), and 
represents It proviBionalljr by the formula C’lI-'N'O'", Sehiitzenbcrger and Schiffert 
regard it as purpuramide, and as formed from purpurm (to wliicli they assign the 
formula C’OT'O'’), according to the equation, — H®0 = C“H‘WO”. 


0.3 

gal 

gi 
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Ciilc FoudiI 

396 65-13 66-20 

24 3-96 4 01 

28 4-60 4 60 

160 28-32 26-10 

008 100-00 100-00 


According to ScliUtzonlierger and 
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240 66-11 66-47 

13 3 68 4-1 1 

14 3 86 4-19 

96 20--16 20 20 

363 100 00 100 00 


Tlie analytical results leave no doubt as to the identity of the two products The 
formula proposed by Schiitzenborger and Sehiffort is perhaps the more probable of the 
two (■provided tlieir formula of purpurin is correct), though it does not agree quite so 
olosoly with the uniilytis as the other, and moreover tho compomul has not lieen shown to 
possess the ch.ii’aoters of an amide. Stciihouso regards tho formation of his purpurem 
as analogous to that of oroein from orcin (p. 211), that is to say as depending ou the 
joint action of ammonia and oxygen (ho exposed a ‘.olntiou of purpurin in dilute 
animoiiia to tho air for about a iiioiitli, renewing tho water and .iinmouia as they 
eiapor.ited) ; but according to Schut-zeuburger and Sehiffort, tho formation of tho 
animoniacal compound of purpiirni does not depend ou oxidation, tho same la-ednct 
being obtained, and more quickly, when tho amnioniacal solution is lie.ited to 100° m 
a closed vessel. It must bo obaervcil also that Stonhouse’s piu-pureiii was obtaiivd 
from purpurin prepared from madder by E. Kopp’s process (lu. 749), which, according 
to Schutzenburger and Schiffert, is not a delimtu product (see PurieuiiiN). 

Pui’puroin or purpuriimide is nearly insoluldo m snlpliido of carbon and in cold 
dilute acids, slightly solublo in ether and in' cold water, moio easily in hot water, very 
easily in alcohol and in dilnto aqueous .ilkalis From its solution in cold coneontratod 
sulphuric acid, it is precipitated by water in its original state Its boliition in ether oi 
in alcohol coiitaining acetic acid exhibits, according to Stokes, absorption-hiiuds re- 
Bombling those of purpurin in ohnractor, but differing in situation 

Tho aqueous solution of purpureiii is precipitated, like that of oreeiii, by cbhrUh nf 
sodium It forms a rod precipitate -with cMondc of zinc, purplo gelatinous with imr- 
cui-ic ohlondc, dark brown with nitrate of silver. It dyes silk and wool a fine rose-i-ed 
or amaranth-red without the aid of mordants, but mordanted legutablo fabrics are not 
permanently coloured by it 

The solution of purpuroin in aqueous alcohol gives with Inomine-water, a yellow 
amorphous precipitate, and the evaporated flltrato deposits on cooling n small quantity 
of a brown resinous powder, A solution of purpuroin in nitrio acid of specific gravity 
1-36, deposits on cooling, scarlet prisms of nitropurpuroi'ii, insoluble in water, otlier 
and sulphide of carbon, nearly insoluble in alcohol, but solublo in hot nitrio acid. 
(Stonhouse.) 

PVKPmiBOCOBAZiTXC SAIiXS. Soo CoBiUiT-BASES, Ammoniacai. (i. 1062). 

PUBPITRIO ACID. See PiJBPOjRATES (p. 747). 

p-ITBPirRIItr. C”!!"©* according to Debus and Stonhouso ; 0-"H'°0' according to 
Schutzonborger. Oxyheario acid of Dobus ; Madder-purple of Riingo ; Miitilre aoloi - 
ante rose of Gaulthioi- do Claubry. (Colin andRobiqiiot, Ann Ch. Phys [2] xxxiv. 
244 -Gaulthier do Glaiibry and J Porsoz, ibid, xlviii. 69.— Porsoz, ihid. li. 
110. — Range, ibid. Ixiii. 282. — J. Schiol, Ann. Ch. Plmi-m, lx. 74 , Dohns, iVw'rf. 
Ixvi. 351, Ixxxvi. 117 — Wolff and Strockor, ibid. Ixxv 1. — Bochlcder, ibid 
Ixxx. 321, lxx?ai. 206. — Stonhouso,' Proo. Boy. Soc. xii. 033 , xni 146— Schiit- 
zenherger and pSchiffert, Bull, Soc iiidustr do Mullioiiso, 1864, p. 70, .T.ilu-chb. 
1861, p, 642.— Sehiitzenhorgor, Bull. iSoc. Chim. 1865, ii. 12.) — A red eohiiu-iiig 
matter extracted from madder by the same processes ns alizarin (i. 113 ; in. 7.12), and 
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aepiii-ated therefrom by its greatea? solubility m alum-liQuor. Debus prepai'ea it by 
adding dilute snlphuHc acid to the alum-solutions from -whioh the alizarm has sepa. 
rated by coohng, and boils the precipitate which forms after 12 or 14 hours, with 
dilute hydrochloric acid, to free it fcom alumina. It is then washed with water and 
reeryetaUised from alcohol. Por other processes, see Gmehn’s Handbook (xiii. 326). 

B. Kopp extracts pm'pnrin from madder by macerating the ground root m dilute 
aqueous sulphurous acid, mucmg the filtrate with sulphuric acid, and heating the 
liquid to 30° or 40® (iii. 749). But according to Sohiitzenherger and Sehiffort, the red 
or orange-coloured flakes thus precipitated are not a dofimte compound, hut may he 
separated, hy the successive use of alcohol and honzene, into purpuriu or oxyalizarm, 
C*H'“Oh pseudopurpurin or trioxyalizorm, C“H“0”, an orange-red colouring matter, 
consisting of hydrate of purpunn, C®H'“0“, and a yellow colourmg matter, 
ihomeno or polymeric with abzarin (p 761). 

Stenhouse^s method of extracting purpurm from East Indian madder, or muqjeet, is 
descnhcd under MmmsTiN (iii 1061). 

xhii'puiin exhibits some diversity of physical properties according to the circum- 
stances of its preparation Erom strong alcohol it crystallises m red needles ; from 
weak alcohol in soft slender orange-coloured needles containing 4‘8 per cent water, 
(CHi'O’ ^H’O), which they give off at 100°, assuming a red colour CWolff and 
Streeker). According to Schiitzenberger and Sehiffort, the anhydrous compound 
crystallises from hot alcohol, the hydrate from cold alcohol (p 761) The anhydrous 
compound melts when heated, and sublimes with partial decomposition, leaving a oar- 
bnniioeouB residue Respecting the optical characters of its solutions, see Lioht 
( in. 838, footnote). 

The composition of anhydrous purpuriu is variously stated by Debus and by Sten- 
houae on the one hand, hy Sohutzenberger and Sehrffert on the other. 


Debus, Sten- 


0»_ _48 29-63 29 74 

C'H'O* 162 100 06 100 00 


29-99 0^ 112 80-78 

100-00 364 100-00 


66 83 
3-37 
30 80 
100-00 


Tho purpunn analysed hy Debns was obtained fi-om ordinary madder by tlie process 
above desonbad , that of Stenhouse from mugjeet , tliat of Schutzenbergor and Sohiffert 
from the crude purpurin prepared by E. Kopp’s process, by extraction with hot al- 
cohol The formula they assign to it represents it as oxyalizarm, alizawn being regarded 
asC“"H«0». 

Eurpnrm is more soluble in tiiirfsi- than alizarin, and forms a reddish solution. It 
dissolves also in alcohol andinrflier; thealcohoho solutionis redder than that of 
alizarin. It is easily soluble in a boiling solution of alum, forming a hquid of a beauti- 
ful pink colour with yellow fluorescence, and ramams dissolved after cooling, whereas 
alizarin is deposited from the same solution on cooling. Oil of vitnol and fuming 
sulphwM aoia also dissolve purpunn, the latter decomposing it when heated to 200° 
It IS less easily attacked than alizarin by nUria add ; on boiling the hquid, phthalio 
and oxalic acids are formed, Purpuriu dissolves in caustic alkmc, and at the boiling 
heat in sodio carbonate, with cherry-red or bright red colour, whereas alizarin forms 
blue solutions. The alkalme solutions of purpurin decompose on exposure to tho air, 
the colour of the liquid changing from bright rod to reddish-yellow, and ultimately 
diSappoarmg almost entirely, iiftor whioh purpurm can no longer be detected in tho 
liquid : alizarin, on the other hand, suffers no such decomposition (Schunck). These 
oharaeters, together with the peenbar spootrum formed by its solutaons, sufficiently dis- 
tinguish purpurm from ahzann. 

Purpurm dissolves in ammonia, and tho solution, after exposure to tho air, or 
after being heated to 100® in a close vessel, deposits purpureiu, on addition of soids 
(p 749). 

An alcoholic solution of purpurin forms with aaetaie of lead a purple precipitate 
containing 46-6 per cent, lead-oxide, agreomg approximately with the formula 
6C‘“H>*Pb"0''Pb''0, which requires 46 7 per cent. ("Wolff and Streeker, Debus ) 

Compounds of purpurm with potash and soda are obtained as nearly black erystal- 
bne precipitates, on mixing the alcohoho solutions of purpunn and the alkalis. On 
heatmg these compounda to 160° with othylic iodide and alcohol, red crystalline grams 
are obtamed, slightly soluble inolcobol and consisting of othylpurpurin O*-H'“0' = 
C“H"(Ci’H‘')0^ (analysis 66 82 per cent. C and 4-61 H, calc. 67 34^0 and 4'08 H). 
(Sohutzenberger and Sohiffert) 
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Oinnpowuls obtained fiom EmVe. Kapp’s " piirpiirin ” Sy the actum of schents 
(Seliiit zonborger and Schiffert). This crude piuimrui is partially aolublo in cold 
nlcoliol The insoluble portion contains, o. Purpurin or oxyalizariu 
■nfliich dissolves in boiling alcohol ; and 13. PBeudopurpurin or trioxy alizarin 
which 13 insoluble in boiling alcohol, but dissolves in hot benzene and 
cryscaUises therefrom in slender brick-red needles. Xhe cold alcoholic extract con- 
tains' y. An orange-red colouring matter, consisting of hydrate of purpurin 
C-'ojpisO" = C'”H'®0b2H®0 , and 5 A yellow colouring matter, isomeric with alizai'in 
The latter is soluble in benzeno, the former is insoluble in that liquid, but 
dissolves very easily in alcohol, and separates therefrom, sometimes as a ciu'dy mass, 
sometimes in orange-red laminse 

The centesimal composition of the three last-mentioned products, as determined by 
analysis, is aa foUows ; 

Psenilopui-^trtn. ^ Hydrate of Pn^m-tn.^ Yettou) Colouring mailer, 

Cnic. Anal. Calc Anal. Cate. Anal. 

0“ 60 GO 61-06 C™ 60 69'93 C™ 68-96 67-90 

3 03 2 97 H'“ 4 4-13 H>* 3'44 3-66 

0“ 30-37 36-98 0“ 36 36 9 4 0“ 27-00 28 56 

100 00 100-00 Too 100 00 Tbo^ Too'oo 

PseudopuTpurin aud hydrate of purpurin are converted into purpurin by eublima- 
tion (lea-ving a considerable residuo of charcoal) or by heating ivith alcohol to 
180“— 200®. 

The yellow colouring matter sublimes almost -without decomposition. It may bo 
pi-oducod from purpurin, pseudopiu-piu-in or hydrate of piu-pimn, by heating to 180° 
with water and iodide of iihosphorus, or more easily by the action of stannous chloride 
on II boiling alkaline solution. 

Piu'pui'iu, psoudopurpuriu, and hydrato of purpurin impart to mordants colours 
resemliliiig those of ivliziiriii , tho tint comimuiicated by them to nlumina-mordantB 
is more reddish, and inthout blue reflex The coloui-s produced on tissues by pur- 
purin aud its hydrate resist the iiolion of boiling soap-water tolorabty woll,_ wiioroas 
those formed by pseudopurpuvin are completely destroyed thcrcliy. Tho rosisUvneo is 
therefore nearly m inverse proportion to the amount of oxygon in tho colouring matter. 
Tho yellow colouring iiiattor produces with aluimua-mordant a rather dull yellow, 
which is destroyed by soaping and by immersion m a bath of stonuic cLdoriJu 
(Soliutzonborgor.) 

PimptmiKTO. Syii. with POBPOUINO (p 691). 

PXTKKEB. A yellow eolom-ing matter imported into Europe from India and Chinn 
in round lumps weighing tlmeo or four ounces, brown on tho outside, of a deep orongo- 
yollow colour svithm, and exhibiting, according to Erdmimn, a crystalline struetui-o. 
Eespeoting its origin, various and coiilradiotory sbitements have been made. Accord- 
ing to most authorities it is of animal origin, and is deposited from tho urine of camels, 
cle;phants, and buffalos, especially after tho animals have eaten certain plants (tlie 
fruit of Mangostam manijijer for example) ; according to otlicrs, it is an intestinal or 
biliary ooiiorotion of the s.ime animals: iSteiihouso, on the other hand, suppoRos it to he 
a vegetable substance prepared by evaporating down a vegetable juice mixisl witii 
magnesia. Its poeuliar odour rcsembhng that of castoi-eum is, however, in favour of 
tho former supposition. 

Pui'i'oe serves for tho preparation of Indian yellow, a fine rich durable yellow 
colour much used both in oil and water-colour painting, and consisting miiinly of 
ouxanthate of inagnesiiim (see Euxantuio Aoii), ii 609) ; according to Wiigiier, it ids-j 
contains alumina Iiuliiin-ycllow lieiiig soiiiowhiit costly is often adultcrati'd with 
cheaper yellow pigments, ohrome-yLllow for example. According to M. Haro, jun., a 
colour maker in Puns, pure Indian yellow burns like amadou, leaving a comparatively 
small residue, wlierciiB the iidulteratt-d niticle burns moi-e slowly, and loaves a larger 
residue. {Ohimie dee Ooidturs, par J. Lefort, Ptii-is, 1866.) 

PVli.ll.iiXC ihCID. Syn. with Euxaxthio Acid. 

PVRKBN-OIf E. Syn. noth Euxanthonr. 

Ptrs. A pathological product, the result of certain diseased actions of the animal 
body. Typical pus, “ laudable ” pus, is ii thick yellowish liquid of tlio consistency and 
appearance of cream, but its ijliysu-nl a.nd cbemicnl cbaracters vary o.\cccdiiigly ac- 
cording to the bund of tissue from which it conies and the nature of the disease giving 
rise to 1- " alkaline, hut sometirnes neutral or aeiil. It con- 
sists of ' ! puH-sorum; die separation of the two by filtration, 

though 
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The protem-constiiueiits of pus have been as yet but imperfectly studied. The .serum 
coil tains an albumin apparently identical with that of blood-serum, together with 
globulin or myosin. From the corpuscles also may bo obtained a substance possessing 
some but not all of the reactions of myosin (Hoppe-Seyler, Phya Chem. Analyse, 
p 303) In many but not all specimens of pus maybe found tbe so-called pyin, wbioh 
has the following reactions It is precipitated from its solutions by acetic acid, tbe 
precipitate being maoluble in excess of IJioreagent. Nitrie and hydrochlorio acida give 
preeipit.ites re,imly soluble in excess. Ferroeyanide of potassium produces no precipitate 
in the hydrochloric amd .solution. A solution of pym is unaltered by hoihiig Pyin 
closely resembles mucm (said to he found in pus from miioous membranes), differing 
from it, however, in being precipitated by raercurio chloride and neutrai acetate of 
lead. Gelatin and chondrin have been found at times in pus 
Among the fatty bodies always present in pua may be mentioned oholesterin, olein, 
pabnitm (the last two also in combination with alkalis), cerebric and glyeoro-phos- 

C ’ irio acid. According to Fischer (Med Chit. 1866, p 225), the only fatty body 
ides oholeatorin in good frosli pus is protagon, whose speedy decomposition gives 
rise to the rest. The same observer also states that butyric, fomie and vnlenanio 
acids when present are piilrefactive products. Bodekerfound m specimens of pus, a 
substance called by him cMori odvnto amd 

Sugar and urea have occasionally been found , and leucine may he regarded as a 
eon slant constituent unless it he a product of putrefaction (Fi sober). Pus from 
wounds often has a blue colour, very distinctly soon when dried on bandages, &o , this 
Anses from the presfenee of Pyocyanin, which may be isolated in the following way. 
The bandages, &e are steeped in water containing a few drops of ammonia, and the 
resulting green liquid is filtered, partially evaporated, and iigiim filtered The filtrate 
is shaken with chloroform, which takes up the colouring matter, and the chloroform 
solution IS treated with very dilute sulphimo ncid until it turns quite red. On stand- 
ing a rod aqueous layer separates which is removed, treated with caustic baryta until 
it changes to blue, filtered, and the filtrate again shaken with chloroform. The blue 
ohloroform solution is allowed to evaporate in the air Pyooyanin crystallises in 
needles or in reetangnlar flakes It is soluble m chloroform, alcohol, and water, with 
difSoulty in other Acids turn it red ; alkalis restore the blue colour Ohlonno 
destroys it. After tlie aoparation of the pyoeyiuiiu, the chloroform reUuis in solution a 
yellow substance called py oxantboso, which remains on leaving the solution, pre- 
viously freed from fat, to evaporate spontaneously. It is sometimes, though rarely, 
obtained m groups of microscopic noedlos. It is very slightly soluble in water, moie 
soluble in oleoliol, ether, chloroform, and benteno. Acids turn it rod, alkalis violet 
([Fordos, Oompt. rend. )vi 1128, Jahresb 1863, p 667). W. B. Horapath finds 
indigo-blue in blue pus (Brit Assoc Trans 1864, p. 124). 

The ashes of pus consist mainly of chloride of sodium, with alkaline and earthy 
phosphates, alkaline carbonates, sulphate of calcium, and oxide of iron. 

The quantitative analyses of pub, as might he expected, differ widely. The following 
(Bihra) may he taken as an average. In 1,000 parts water 862, solids 138, where- 
of albumm 91, fats and cholostenn 12, extractives 29, salts 9 
Masse (Simon's Chem. Syd. Soc. trans ii. 692) thus compares 1,000 pai'ts 
Pus-sorum. Blood-semm. 

Water 890-00 906 6 

Solid residue . . . 110-00 93-6 

Organic constituents . . 92 68 86 7 

Chloride of sodium . . 12 00 4'0 

Carbonate of sodium , . 2-22 1-4 

Phosphate of sodium . . -32 ‘8 

Sulphate of sodmm . . 18 -2 

Phosphate of calcium . . 1 20 0 7 

Carbonate of calcium . . -90 

M F. 

PTTSCBKIM-ITE. A variety of lime and iron epidote from the Western Ural, 
north of Kathermenburg. (See EpmoTH, ii 490.) 

ptTTBAltrCIItA- Fiitiatigira Tioxbnrglm, an East Indian plant, yields a fat 
oil melting at +81°. (Lepine, J. Pharm [3] xL 16.) 

PUXREI' ACTION. See Fhbmbntation (u. 623); also (Jn-o’s Dictionary of Arts, 
^0 (lii. 648) f 

PVCM-ETE. A massive siihcolnmnar variety of topaz (j. v.) 
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PYClsroWETBU. An instrument for determining the apeeiflc gmvitiee of 
aerated mineral waters, (liresonius, Zoitachr, AnoL Ohom. i. 178.) 
PTOWOTBOPE. See Serpbntihb. 


PYRA.OOHXTIC iLCXD. Syn. with Itacokio Aom. 

PYltAEEOEXPE. The name of a aeries of decomposition-products of augito and 
occasionally of hornblende, consisting mainly of magnesian hydrosilicates. They 
blacken when heated, then bum white if in contact with tlie air, and give off water 
having an empyroumatio odour, due to the presence of organic matter. When very 
strongly heated before the blowpipe, they become rounded on the edges only. The 
pyrallolite of Storgjli'd is converted by strong Bulpliuvic acid, with incipient tumefac- 
tion and decomposition of the organic matter, first into a roddisli, then into a black 
powder. The same decomposition appears to be produced also by dilute sulphuric acid, 
for the mineral after being treated with it, is no longer hhickened by the strong acid. 

Pyrallolites have been an.ilyBod by Nordonakiold (Scliw. J. xxid. 386), Arppo, 
Furuhjelm, Eunoborg and Selin (Anal, af Finsk. Min. p. 36), and Bischof 
{Lehrkwh d Cliem. Goolog ^ i. 610). 

a From Knllakulkbruch ; Kimito. Groon or blue-green; partly still exhibiting 
distinct angite stiniotiu'e. Specific gravity = 2 7. Hardness = 3—4 (Eun oborg). — 
b. Tafcvoddiolm, in calospar. Green ; fibrous. Specific gravity = 2'70. Hardness 
= 3 — 4 (Arppo).— c Skriibbolo, m quartz. Green, fibrous or granuhir. Speoiiio 
gravity = 2'78. Hardness = 2—3 (Arppo), — d. Hnnpakyla; greenish, loosely gran- 
ular aggregate in ciilcapar. Specific gravity = 2'01 (Arppo). — c. Kiillakiilkliriieh; 
white, with augitio structure. Hiu-dness = 3 — 4 (Arppo).—/. StorgSvd, Piirgus (Nor- 
denekiold. — <7 Friig.Hrd; light-brown or ycllow-groy coliunuiir masses cleavnblc in 
one direction. Specific gravity = 2 00. Hardness = 3 (Arppe ). — h Kullakalkbruch ; 
white, earthy (Selin), — i. From tho same; grconish-whito, ciirtliy (Furuhjolm). 




pniBUltton. ia'33 



OWl 100'17 lohoa lOO-BO 100-0 00-00 100 04 100-12 O'JCO 100-06 

These analyses appear to indicate a gradual transition from tho composition 
M“O.SiO’.H®0 to M’0.4SiO’.IPO, tho sihoa being partially also replaced by alumina. 

PTBAHTIMOE'XTE. Syn. with Kormcsito or Bed Antimony (iii. 446). 

FTBARaxxaxTE. A silioato ocoiirriug in the granite of Helsingfors, Finland, 
111 prismatic forms with indistinct cleavage. Hardness =3 6. Specific gravity = 
2 6. It is partly block or bluisli, livor-brown or dull red, with a dull resinous bistro , 
has an argillaceous odour. Infiisihlo before tho blowpipe, but becomes slightly glazed 
in a strong heat. Soluble in hydrochloric acid. Ooiitains, according to Nordous- 
kiold’s analysis (Borz Jahrosb. 1833, p. 174) : 

SIO 2 . A120». FCOb MgO K'O. WO. 11*0. 

43-93 28-93 5-3U 2-90 1-06 1-86 16-47 = 90-43 

The mineral may bo regarded ns an altered diehroito (u. 320), containing 2 of the 
strong bases of that mineral. (Bischof.) 

PYRARCrYBITB. Darh-rcd sdver ore. Itiibg silver. Mack silver. Aerositc. 
Argijrythrose. DmikUsIiuthgultigcrz. AntmimsiUmrblvnde. Argent aiiiimonie sti/fura. 
Argentum rubnim. — Native snlphnntimonite of silver, occurring m rhomhohedral crys- 
bils, in which, for tbo rhombohodron E, the principal axis = 0 7916, and the nnglo 
E : E in tlie terminal edges = 108° 20'. The crystals are chiefly prismatic, formed 
by the combination of »P2 with E and other i-homhohedrons iiiid scaloiioiiedrons. 
(For figures, see D an a, ii. 77. 78 ) Cleavage rather imperfect parallel to E, Tivins 
are of frequent oeeurrence. Tho mineral is also found massive, with granular struc- 
ture, sometimes impalpable. Hardness = 2 — 2 ,5. Spoeifle gravity = 6 7 — 8 0. 
Translucent to opaque, with metallic adamantine lustra and black colour, someUmes 
approaching to eqphineal-red. Streak, coehineal-red. Fracture, conchmdal Seotilo, 
yielding readily to tho kiiifo, Boforo tho blowpipe it melts and givi-s out fumes ot 
antimony, and on charcoal nltinmtoly leaves a glohulo of silver. Dissolies in hot 
nitric acid, leaving siilpliiu- and iiiitimonious oxide. 

Von. IV. 3 C 
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, Analyses — a TVom Andrcasterg in the Hartz (Bonsdorf, Scliw. J. xxxir 235). — 

5. Brom Mexico (Wohler, Ann. Gh Pharm xxvii. 167) c From the Muloroche 

mine near Zacatecas in Mexico. (Bottger, Mintudch. p. 83 ) 

CaleulaUim. Anolmss. 

S“ 96 17-77 17 78 18 0 17‘'76 

Sb 120 22-28 23 26 21 8 24-69 

Ag® 824 69-96 68 96 60 2 67-46 

Ag’SbS* liO 100-00 100-00 100^ To 80 

The formnla may also he rratten 3Ag’S.Sh“S’ 

Pyrargyrite occnrs also in Saxony, Norway, Hungary, at Gnadiilcanal m Spam, and 
in Cornwall. In Mexico it is worked extensively as an ore of silver. A hght-Ted 
silwrore from Andreasberg was found by Zmcken to be free ftom arsenic. A grey ore 
from the same locality contains both arsenic and antimony, and may bo miargynte 

Pytfitgyvite occnrs like pronstite (p. 739), changed to silver-glance, Ag'S, also to 
pyrites. (Dana) 

p-S-BEIiAIIir. A name apphed by Berzelius to the mobile oil obtained by dis- 
tilling -with water several of the empyreiimatic oils resulting from the di-y distillation 
of organic bodies, such as oil of wax, amber, bones, &o. 

p-yREH-AiTS. A variety of iron-hme-garnet (ii. 772), black or greyish -black, 
often with semi-metallic lustre. 

PTBEK-E. (Laurent, Ann. Ch. Phys p] Ixvi 186)— A crystalline 

hydrocarbon, obtained, together with chrysene, by the diy distillation of fats, resins, 
and coal To prepni-e it, the etherekl hquid which has served for the extraction of 
chrysene (i. 988), is exposed to the temperature of a freezing mixture , the pyrene is 
then deposited in the ei-ystalkne state. 

P3Tene erystaUises fl-oin alcohol in microscopio rhomboidal laminae, very much like 
anthracene. It is tasteless, inodorous, insoluhle in water, slightly soluble in alcohol 
and in ether, melts between 170° and 180°, and solidiflea in a crystalline foliated 
mass. At a higher temperature it volatilises without decomposition. It is carbonised 
by sulphuric acid It gave by analysis 93-18 per cent, carbon and 6 11 hydrogen; 
the formula C'*H'' requires 93 7 carbon and 6-3 hydrogen 
Simirapyrene, C'‘H'"(NO®)’', is formed by the action of warm nitric acid on pyrene, 
as a thick brown oil, which, after washing with water, dries up to a very hrittfo resin 
ha-vin^ the colour of gamboge but redder ; it melts in hoihng alcohol, 
p-S-RETRBKltr. Tins name was given by Parisel to a soft resin extracted by 
alcohol and ether from Badix Pyrethn, -which howeyer, according to Koene, is not a 
4eflnite substance. The latter found in the root 0 25 per cent of a resin insoluble in 
potash, 1 60 of a brown acrid oil soluble in potash, 0 36 of a yeUow oil soluble in potash 
9-40 gum, 57-70 imilin, 7 60 salts, 19 80 yegelable fibre, and traces of tannic acid! 
The two oils and the resin together constitute Pansel’s pyrolhrm. 

The flower-heads of Pyrethnm cammm which, when pulverised, form the " Persian 
insect-powder” contain, according to J. Hanamnnn (Vierteljalirs pr. Pharm. xii. 
622), neither a narcotic base nor santonin. The action of the powder is probably due 
to a pale yellow essential oil, which has n pungent odour, produces headache, and kills 
or stupefies small insects. 


R-rBOOKi A dingy variety of Sahlite (See Atoite, i, 474.) 

P-TBISXSTB. 0“H‘N (Anderson, Ed. Phil Trans, xi-i 4, also xx. [21 247- 
Phil. Mag J [4] ii. 267, Ann Oh Pharm Ixxx 66, Jahre-.!) 1861, p 478 — 
C. G-rev. Williams, Phil Mag J [4] yni 24 , also Bil Phil Trans xxi, m 316 • 
Chem. Gaz. Nov 1, 1866— OhnrehandOwen, Chem.News,ii 146, Phil, Mag, [4] 


Anderson in his investigation of bone-oil. Subsequently found 
£ V’ "■ among the bases in the tar obtained by distillation of the bituminous 

Dorsetshire. Traces of a base having the same composition were observed by 
G. G Williams among the alkaloids produced by destructive distillation of cinchonine 
Forad by 0 Q. Williams in coal naphtha, also by Church and Owen m the tar of peat 
It is produced arbflcially by the action of nascent hydi-ogeu on azodmaphthyldiamino. 
(Perkin, Chem. Soe.J, xviu. 9.) , 

Preparation —Precisely the same operations are necessary as in the ease of picoliiie 
(p 637), except that in the fractional distillation tho portion distUline at 117® is to 
he collected instead of that -which boils at 140°. 



PYIUDINE. 


IVojieriiCS.— Pyridine is a colourless niobilo liquid, having ii most pov’orful and 
peculiar odour closely rosomhlmg that of picolino, and, like Uiat alkaloid, i-ausiug a 
bitter taste in the mouth and hack of tho throat. It fumes on the approach of a rod 
dipped ill hydrochloric acid, even moro strongly than picolinn. Its solution m iTOtor 
hehaves -with bleaching powder like picolino. Its specific giaiity at 0° is 0 0R58. It 
precipitates the s.-ilts of zinc, iron, manganese, and ahiminiuin in the cold, iiickol-salts 
only on the application of boat, and the precipitate dissolves in excess In solutions 
of copper it gives a pale Huo pirccipitate, soluble m excess of huso with iv deep blue 
colour, not distinguishable from that produced by ammonia. It has a strong tendency 
to form orystallisuble double salts It hods steadily at about 117°. Tho density of 
its vapour was found to bo 2'01 , theory requires 2‘734. The excess of tho oxpen- 
montal over the theoretical numbers ai’Oae from the prosonco of traces of picolmo. 
(Anderson.) The refractive indices of a specimen of pyridine from Dr. Hofmann’s 
laboratory were found by Gladstone and Dale to be • — for A, l-i'JiO ; D, 1‘5030 ; H, 
1'5387, the temperature at the time of the experiment being 21 6^. 

Pyridine is solublo in water in all proportions, and is difficult to obtain absolutely dry. 
(Anderson.) 

Decompositions. — ^Pyridine, like its homologues, is exceedingly stalilc and resists the 
action of oxidizing agents. It may bo boiled with monohydrated nitrio acid, or with 
ohromic aaui mtliout decomposition, and treatment witli nitric acid is to ho resorted to 


as a means of purmcation when the base is contommated with empyreuinatic matters 
(Anderson) — 1. Ohlonne acts on pyridine in tho same maiinor ns on picolino (An- 
derson). — 2. bromine-water la gradually added to a solution of pyridine, the 

liquid becomes muddy, and, as tho quantity of bromine iiicroiises, an abundant pruei- 
pitato appears, and collecU at tho bottom of tho voseol in tho form of a reddish mass 
of a moro or less resinous appearance. 'J’his substance is uisoliiblc in water, but 
soluble in alcohol and other. When boiled with water, it melts and omits an odour 
resombliug that of brommo. HyiU’oohloric acid docomposos it, liberating bromine. 
Potash decomposes it also, liberating the base. Prom these reactions, Amlorson con- 
cludes that tlio siihstaneois a direct compoimd of pyridiiin with seeeral atoms of brnuiiiie. 
Dry pyiadino thrown into dry bromine-vapour solidifies to a crystalline mass which 
dissolves in water, leaving an inRolnhle matter probably analogous to tho eoninound 
produced in tho same manner by acting on jiyridino or pieoline with dry ehlorino 
(Anderson).— 3. 'Whon pyridine and tincture of ioc/i«c are mixed and evaporated to 
dryness on the w.iter-hath, a dark brown muss is left, partially soluble in water, leaving 
some brown crystals ; tlioy are easily doemuposod, and appear to bo similar in cUatao- 
tor to tho iodine- compounds of tho fixed bases. The watery solution contains hydrio- 
date of pyridine contaminated with a basic impurity which may bn removed by animal 
charcoal. (Anderson.) 

PvOTDWa BALTS Ei/drochlorate ofpymhnc, C‘1I‘N HCl. — Wlieii hydrochlorio arid 
saturated with pyridine is evaporated on the water-bath, tho syrupy lluid on cooling 
gradually becomes converted into a liard radiated mass of crystals. Tho salt deli- 
quesces m moist air. It sublimes unchanged at a high tomporatui-o It is solublo m 
alcohol, but less so than m water , insoliiblo in ether. (Anderson.) 

Aetd, sulphate of pyndme, C“H‘Nfl*SO^ — ^Whon sulphurieacid is mixed with excess 
of pyridine and evaporated over the water-bath, a deliquescent crystalline muss is left, 
soluble in all proportions in water and alcohol, but iiisolulila in other. (Andetson.) 

Eydnodato of pyridine, C“H‘N.III. Tabular crystals, readily soluble in alcohol and 
in water, but not doliqucseout. (Anderson.) 

Ilydi ohromatc if pyridine, OTDK.HDr.— A doliqnescoiit salt obtained in aoieular 
crystals 01 ' ' '' ’ . (Anderson) 

Nitrate — Easily obtained by mixing nitric acid and py- 
ridine. II 1 ed, and tho base dry, or nearly so, much heat is 

evolved, and tho mixture solidifies into a nia‘-s of short needles, which after pressuro 
between folds of filtering paper, resembles loaf-sugar. Tho salt may bo purified by 
reorystallisation from water or boiling spirit; tho latter is to bo preferred. On 
cooling it is dopositbdfrom an iilcoholio solution in fine needles an inch lung, oven when 
operating on a very small scale. Sometimes it is obtained in short thick prisms. It 
18 not deliquescent, but extremely soluble in water, loss so in alcohol, insoluble in ether. 
Heated in a retort it melts, and, if the temperature be raised gradually, sublimes in 
a white woolly mass ; but, if briskly heated, it distils in the form of a thick oily liquid, 
wlueh solidifies to a mass of acieular crystals. Heated on a platinum knife, it takes 
fire, and burns with groat bnHiuney and a rapidity almost amounting to dclliigrutiou. 
(Anderson) * 

GUoraurate of pyridine, C‘H''H' HCl.AuCF — A fine lemon-yellow erjstiilline powder,, 
immodiately depositod on adding solution of chloride of gold to a solution of hydro-" 
chlorate of pyridine. It dissolves readily m hot water, and is deposited ou euulmg 
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in fins yellow needles, liLtle soluble in cold water, and insoluble in aloobol (A n. 
derson,) 

OUoroplatinate ofpj/ndine, 2(C*H*N.HC1) Pf’Cl^ — A. solution of the hydroohlorata 
Of pyridme mired with solution of tetrachloride of platmum, deposits flattened piisms 
easily soluble in boiling water, less soluble in alcohol, insoluble in ether 

l^rod/iuyta of decomptsiimi of GUoroplahnate of Fyndim — ^Wlien chloroplatinato 
of pyridine, free from excess of platinie chloride, is dissolred in hot water, and 
the solution kept boiUng for five or six days, it is entirely converted into a sub- 
stance resembhng subhmed sulphur in appearance It is insoluble in water and 
acids, but is decomposed on boihng with solution of hydrate of potassium, pyndine 
being evolved. The sulphur-like body is the hydrochlorate of a platinum-base analo- 
gous to platinamine , it has therefore received the name of 'platino-fyndine. Its for- 
mation consists simply in the expulsion of one atom of hydroohloric acid from one atom 
of the ohloroplatinate, thus . — 

2(0‘H“N.HCl)Pt'''01'' = G>»H*PbN^4H01 + 2H0h 

If the boiling be arrested before the entire conversion of the chloroplatinato into the 
lalt just described, beautiful shining plates are deposited. They consist of a double 
salt formed by the union of one atom of the dihydrochlorat^ of platmo-pyridine 
with one atom of the original platinum-salt. (Anderson.) 

■When ohloroplatinate of pyndine is boiled with excess of pyridine, the lijiuul 
becomes dark coloured, and on evaporation to dryness ui the water-hath, and addition 
of water, a dsifc solution is obtained, and a crystalline residue left This substance 
is the hydroehlorate of another platinum-base, plaiosom/ridme, analogous to pldlos- 
amino. The salt has the formula (C‘n*N)’.Pt"CP or C"’H*PtN®.2HCl. 

SubaUtution-dmvaizVM of Fyridine. 

METHYii-rYRtDiOT — ^This Compound has not yet been examined. 

ETHVt-pvntDXNn — The free bases of this class undergo decomposition when warmed. 
(See Ethtl-picolihb, p. 639.) 

Eydnodate qf MhyUpi/ridtne, 0’H”N .HI.— Obtained in the same manner as the 
corresponding picolme base, and of similar properties. 

CldoroplaHnate of E(hyl-p?/ridim, 2(C’H“N.H01)Pyr01* — Beautiful garnet-coloured 
rhomboMal plates with bevelled edges, easily obtained a quarter of an mob in diameter, 
oven when operating on very small quantities. (Anderson) 0. &. W. 

PVSITSS. A mineralogical name including various metallic sulphides, chiefly 
those of copper and iron. 

Arsenical pyrites includes the two species, leucopynte, FeAs®, and mispickcl, 
FeAs«. FeS* (ui 368). 

Copper pyrites is Cu'S.Fe'S* (li. 77). 

Iron pyrites, FeS®, includes the yellow or cubic species, and white iron pyrites or 
'maroasite, which crystallises in trimotrio forma (iii. 402). Varieties of the latter are : 
Sadiaied pyrites, including the radiated masses and more simple crystals , spar pyrites, 
the maelad crjistals; bepaiio pyntes, the decomposed lirer-hrown monometno crystals 
onginallyoonsistmgof yellow iron pyrites, also ’ ooois- 

oomb pyrites, the crest-like aggregations of ir ■ lellular 

varieties formed by the decomposition of crystals of galena which contained films of 
pyrites between its layers. 

Magnetic pyrites or pyrrhotin is generally Fe’S® (iii. 402). 

Tin pyrites is Cu’S(SnS*,Fe'S*). See Tin. 

Variegated pyfites or erubescite is FeS.2Cu’S (ii. 78). 

The native sulphides of copper and iron are extensively used for the extraction of 
sulphur and the manufacture of aulphurie acid (aee Eiohardson and Watts’s 
■Chmiodl Technology, vol i Pt. 3 and Appendix). 

FVaOACETIC SPIRIT. Syn with Aasrom 

PYROAIiIZARIC ACID. Syn with Phihamo Anhtdeidb (p. 031). 

PYROBEIirzoiilIl'E. Syn. with Bophine (iii. 733). 

PTROOAMFBRETIC ACID. C"’H»Oh (Schwanert, Ann. Oh, Phann. 
cxxviu 77 ; J ahresh. 1863, u 397.) — ^An acid produced by the action of heat on 
camphretic acid, one of the products of the action of nitm acid on camphor 
Wlien camphor is heated with 10 or 12 pts of nitric acid of spseifio gravity 1 34, the 
-liquid cohohated as long as any action goes on, the product freed as completely as 
possible by repeated evaporation from camphoric acid (i. 730) which crystaUises out, and 
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from nitric acid, and the Byrupy tnothcr-Iiqiior tlion treated with 10 pta. of cold water, 
camphrotic aoid, C'“H"0’ = ^ jo", dissolves, while another acid remains 

hehmd. To purify the product, the filtered solution is evaporated till the residue dis- 
solves completely in cold water, and the solution is fraetiouidly precipitated, cither 
immediately or after neutralisation with ammonia, with neutral acetate of lead, wliieh 
throws down the rest of the camphoric acid, together with a third acid. The solution 
filtered from these load-salts is then completely precipitated with acetate of lend, the 
washed precipitate is decomposed by Bidphydnc acid, and the acid filtrate is evaporated. 
Camphratio acid is thus obtained as an inodorous, pale yellow, thick syrup, like Vomco 
topeutiuo, having a sour, iiungeiit, and somewhat bitter taste. It dissolves easily in 
water, alcohol, and ether, and forms unerystalhsablo salts, having the general formula 

The ethylio cthw, C'“H‘'(0“H’)’O', obtained by decomposing the silver-salt with 
iodide of ethyl, or by paasiiig hydrochloric acid gas into the alcoholic solution of tho 
acid, IB a non-volulAlo viscid oil of bpccifio gravity 1'0776 at 13°. Hu Ihyl-camfhrdic 
acid, is produced, together with the neutral ether, hy the last- 

montionod process, and may be extracted by treating tho oil separated by water with 
dilute soda-ley, agitating the neutralised solution with etlior, and evaporating the ether. 
It then remains as a tliiek viscid oil of specific gravity 1 128 at 13°. 

Camphrotic aoid subjected to slow distillation in an oil-bath yields at 100° an acid 
watery distillate oontatiiing acetic acid and acetone, then between 180" and 220° an 
oily cuBtillate, wliioli partly aolidiflc.'i in tabular crystals, and finally at about 270° a 
white orystallmo sublimate, with a large residue of cliarooul. Tho oily body i.s pyro- 
eainpliretio aoid, the tabular crystals arc metaeamphrotie iioid, 

the siibhmato consists of oamphorie anhydride, C'TI'^O'. 

Pyrooamphrotic aoid is a pale yellow viscid oil, houvier than water, having an 
aromatic odour, and a slightly sour, burning, aromatic taste. It bods between 200° 
and 210°, does nut solidify at 0°, is insoluble in w'ater, but dissolves in alcohol 
and other, forming strongly acid solutions. The barium-salt aud tho load-salt 
C-‘'II”Pb’0®, are white amorphous precipitates. 

Motaoamphretio aoid, C'“II"‘0*, crystallises from an alcoholic holiitioii de- 
colorised with animal ohurooal, in rlioiiibie tablets, whicli melt at 80°, solidify at 00°, 
dissolve spai'ingly iii cold, easily in liol water, and in all proportions in alcohol and 
ether. The aqueous solution, which lias an aoid reaction, is not preuipitatodovou after 
neutralisation, by oaloium or barium-salts. 

ACID.( Syn. With OxvrnnKio Acid (p. 310). 

PYKOCBIiOnsi. A mineral consisting of iiiobato and titinafo of ciileiuiti, cerium, 
&e (p 67). Those vanetiBB which contain ftuormo without water wore called by 
Usmuamfliwohlorc, the others hydrochlore. 

PYROCITBXO ACXns. Acids produced by the dostrnctivo distillation of citric 
acid, viz, aconitie, oitracomc, and itacoiiie acids Mesoaeoiuc or eitracartie, aeid, 
produced by tho aotioii of boiling dilute iiitno acid on citraconic aoid, is also ineludi'd 
by Gorhardt under the same general donominiition. 

PYBOCHKOITJS, A variety of brucilo, with excess of nmiiganeso, found in tho 
Pajsborg iron and manganese mine in Sweden, where it forms white nacreous veins in 
tho iiingnotic iron ore. It is laminar, as hard os brucito, cflloreseos in the air,iiaHuiniug 
first a bronze, then a black colour ; when heated it hocoincs groon, and aflerwimlg 
black, with loss of water ; contains 76’‘100 MnO, O'OOfi PeO, 3 1-10 MgO, 1*270 CivO, 
1S*3S0 H*’0, and 3'83'i: COv (Igelstrom, Pogg Ann. cxxii. 181.) 

PTBOCIiAsiTX]. A mineral occurring in kidney-shaped masses in the Mongo 
islands on tho Mosquito coast. It consists mainly of a hydrated triealeio phosphate, 
OaT'0».2H-0. r i i 

PYROCOTriKTE. A bmno poisonous suhstanoo said to ho produced by tha dry 
distillntion of hemlock (Haiidw. vi. 700). 

PYBODEXTRIN. (Gilis, Ann. Ch. Pliys. [3] lii. 388.)— A product obt, lined 
by tho roasting of starch (appearing indeed to bo the only coloured auUstance thereby 
produced), of cereal grains, potatoes, maize, or coffee -Starch is iniisted.witli constant 
stirring, in an open vessel strongly heated on one side, fresh portions being raiitiimally 
brought in contae]^ with the liul part, till it is free from adheving water, bwcIIh up 
strongly, gives off pungent lapoiirs, and sinters together, so that it is easily separated 
from tho hot bottom of the vessel It is tlion dissolved in hot watiw ; tho clear till rate is 
evaporated; and tho residue is dried and heated tiy small porlioiih in au uir-halh to 220° 
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—230°, to complete the roasting. The spongy product thus obtained is purified, especially 
from adhering dextrin, hy repeatedly dissolving it in water and precipitating the 
solution with alcohol, as long as dark flakes continue to separate—or, m presence of a 
large quantity of dextrin, hy precipitating the aqueons solution with excess of baryta- 
water containing alcohol, washing the resulting precipitate with weak spirit, ponnng 
upon it a quantity of sulphiiric aeid sufflaent to decompose it, filtering the liquid to 
remove sidphate of barium, and precipitating the filtrate with alcohol The pyro- 
dextrin, which separates in the form of syrup, is dissolved in a small quantity of water, 
the filtrate evaporated over the water-hath. and the residue dried at 140°. 

Pyrodextrm is a solid, brown, friable mass, shining and tough when moist. In- 
odorous and tasteless. 'When dried at 160°, it gives hy analysis 46'7 per cent, carbon 
and 6 2 hydrogen, which may be represented by the empirical formula re- 

qnirmg 46'37 G, 6 26 H, and 47'68 0. 

CombinaUona. — ^I^dextrin when exposed to tho air takes up 3 at. water, and after- 
wards dissolves readily in water, forming a brown adhesive gum It is sparingly soluble 
in alcohol of 22 per cent. ; insoluble m absolute alcohol and in ether, Aqueous pyro- 
dextrin is not coloured purple-red hy wdine (hke doxtriu), but is decolorised by moist 
hydrate of aluminum. 

The aqueous solution mixed with baryta-water and weak alcohol yields a precipitate 
containing C*“H’'Ba''0®’.Ba''0 ; and with acetate of lead and absolute alcohol, a pre- 
cipitate oontaming C“H’®Pb"0*h 

OecomposUiona — 1. Pyrodeitrin remains unaltered at 210° — 220°, but decomposes 
at a higher temperature , takes fire with difaeulty, and leaves a hard, coherent, slowly- 
bummg cinder. — 2. 'When treated with nitm aotd, it yields oxalic acid.— 3 By oil of 
viii'iol or strong hydrocUorio acid, it is converted into a sparingly soluble brown 
powder, dilute sulphuric or hydrochlorio acid alters it but very elowly, oven when 
heated — 1, It reduces cuprous oxide from an alkaline solution of awprio oando, and 
from solutions of gold and ailwr-siilts it reduces the metals. 

PYRODKikXiITS!. Syil. With PYitOSMALtra 

PYRO-SIillCTRICXT'Z'. Electricity developed by heat in crystals (ii. 411). 

PTROGAliZiEIKr. An uucrystnllisable product, formed by the action of ammonia 
on pyrogalUe acid m open vessels. Its formation is probably analogous to that of oroem 

80»H«0* + 6NH» + 0» = 0'»H“N«0'» + 8H»0. 

Pvio^alllo ' P.vrogallcin. 

It forma brown precipitates with many motallio salts ; but they decompose during 
washing (Bosing, Compt. rend xlvi. 1139 ) 

I> YROGAUio ACin. Dtoxgphcnic acid, 0“H“0*. — ^This acid. was first observed 
by Scheale, and was considered as sublimed gaUie acid. Berzelius and Pelouza estab- 
lished its composition It contains tho elements of gallic acid minus carbonic anhy- 

It is best prepared by heating a dried aqueous extract of nut-galls in a pot on which 
is placed a cap, such as is used in the subhmation of benzoic acid. The vessel is placed 
in a sand bath and kept at a temperature of 180° to 186°, for 10 or 12 horn’s. Li this 
way about 6 per cent of acid is obtained. According to Liebig (Ann Oh. Pharm. 
01 . 47), galho aeid is the best source of pyrogallic acid The coarsely powdered gallic 
acid 13 mixed with twice its weight of bruised pumice, and placed lu a retort in the 
tubuliu’e of which is a tube connected with a carbonic acid apparatus The advantage of 
this arrangement is that the pyrogaflio aeid, which decomposes almost at the same tem- 
perature as that at which it forms, is rapidly removed from tho retort 

Pyiogallie acid is also produced, together with galhc (dioxysalioylic) acid by the 
action of bot.caustic potash-Solntion on dl-iodosahcylio acid. (Lantemann, Ann. Ch. 
Pharm. .txx. 299 , Johreab. 1861, p. 398.) 

. Pyrogallio acid crystallises in long flattened prisms soluble in 2) pts. water at 12°, 
and'sbinewhat less so in alcohol and ether 

W'iielts ai 116° and hods at 210°, and its vapour excites coughing At 280° it 
blackens, gives off water, and leaves an abundant residue of meiagcillio aoid : 

G«H«0« =. C«H<0» ffO. 

In the dry state it does not alter in the aor, but its aqueous solution becomes brown, 
and leaves a black residue on evaporation. This change is most rapid in the presence 
of alkalis. 'When potash or soda is added to a solution of pyiogallie acid, tho solution 
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tocomes rapidly black from alworption of oxygen, and if tlio liquid be evaporated, a 
black gummy residue of cai'bonato and ucetato it> obtained. It as on this rapid absorp- 
tion of oxygen that the uao of pyrogallio acid in eudiomotry is based. (Sue AifiiYsi.s op 
Gasks, 1.28S) According to JloiissingaulbCalvertand 01oez,hou'pvor(Jahresb. 
1863, p. 389), a small portion of the oxygen is converted into carbonic oxide, tlio 
volume of that giis amounting to 3—4 per eent of that of the oxygen absorbed in an 
atmosphere of pure oxygen, and about por cent, in air 

Pyrogallio acid is easily oxidised by pemangamte of potassium, and tho reaction is 
used by Monier (Gompt, rend. xlvi. 677 , Jaliresb. 1868, p 629), for tbn vohiinetric 
estimation of the acid. It is not acted upon hy hydrochloric acid. With fuming 
sulphitno acid it forms a brown solution containing a sulpho-aeid not yet examined 
With fuming nitric acid it yields oxalic acid (Bosiug). Its aqueous solution istiinied 
brown by n^rom acid, even in very small quantity, so that in fact, pyrogallio acid aftbrds 
as delicate a teat for nitrous acid ns iodised stdi’ch-puste (iSchonbeiii, Zoitschr, aiml. 
Chem. i. 319). — Gklonne turns pyrogallio acid black, and gives off hydrocblorie acid. 
Iodine does not appear to act upon it below 200°. With anhydrous hronnnc it forms 
the compound G“H“J3r’0“. It is not acted on hy ammonia-gas in close vo.ssols, bat if 
exposed to the air at the same Uine, it is converted into pyrogalleiafp. 758). (llosilig, 
Compt. rend. liv. 1149 ; Jaliresb. 18.'j7j p 316.) 

When pyrogallic aoid is added to milk of lime, tho liquid assumes a beautiful red 
tint, which rapidly pusses to a deep brown. ^ This roaolioii is so delicate as to servo 
for detecting small quantities of the acid. 

Tho solution of ajerroits salt added to pyrogallio arid produces a beautiful indigo 
colour, the preseiieo of tho smallest truce of feme suit produces a deep green tint. 
With fimc salts alone a red colour, hut without a iirocipit.ile, is obtained. Mieh ornate 
if potassium produces a brown colour. 

Tlio salts of mermiry, silver, gold axii. pltttmim are easily reduced to the metallic 
state by pyrogallio acid. 

Pyrogallic acid is extensively used in photography as a reducing iigont, and also in 
some pi'OOBSsos for colouring the liaiv brown or hhiek. 

It 18 a weak acid. The addition of the smallest quantity of ulknli givos it an alkaline 
reaction and colours it. It hboriitos curboinc acid from the ulkahiio oarlionates, hut 
not from the carbonates of the alknlinu earths. According to Busing, it dues not du- 
comnoso any carbonates. 

The pyrogiillates aro little known. They are more soluble than tho gftUales, imt 
like tlimn, they have a strong tendency to becomo coloured in contact with the air, 
To prevent this alteration they should be ovaporntod in a vaeiuiin. 

Tho loiassium-aedt oryatallisos, according to I’eloiizo, in rlioinbuidal plates. Aeeoril- 
ing to Busing, on the other baud, pyrogallio acid does not form di'llmte salts with 
ammonia or inth the fixed alkalis, 

Tho most stable of tho pyrogallates is tho antimony-salt, C“I[*.SbO‘, or rather 
C*H‘(SbO)'OS which separates in white nacreous lamiiue ou mixing a somewhat eini- 
coutrated solution of tho aeid with a boiling solution ot tarrar-omelic It remains 
unaltered at 130°, is insoluble in water, but dissolves easily in ludroelilurie acid 
(Bosing), A lead-salt containing 2C”lI'"Pb"G*.Pb"lI'0* + JPO is proeiprfntoil ou 
dropping a solution of neutral load-acetate into an excess of pyrogallic acid. (8teu- 
houBo, Ann. Ch. Pliurm. xlv, 1.) 

Pyrogallic aeid also eombiiios with gelatin and casein. When heiitod for 36 lioure 
with stearie acid to 200°, it forms a crystulhno compound which cannot bo separated 
from the excess of stearie aeid. (Bosiiig.) 

Trihromopyrogallie acid, C"H‘lBx'''0'. — Produced by tho action of anhydrous 
bromine on dry pyrogallic neid, and separates from alcoholic solution in largo crystals 
containing 1 at. water. It is noarly insolublo in cold water, docomposablo by boiling 
water The solution when mixed with alkalis, acquires a deep rod colour, changing to 
, brown on exposure to the air. Berrous sulphate produces, oven in ii very dilulo solu- 
tion of the bromine-compound, a deop bluo colour, tiu-ning bUck on prolonged exposure 
to tho air. (Bos in g.) K A. 

P’X'BOG'Xill'. A name applied by Dumas to pyro-acids and other products of the 
action of heat on organio homes. 

1‘TKOG'Xlia'ic ACXS, Syn. with PoBMio Acid. 

PTROCXitrciC ACIS. Syn. vnth PriionuxTiuif. 

PTROGZiYd^ESBlir. Syn, with Diglyccrin or Diglycoric alcohol, (See QuroEarx,, 
Hydbatbs of, u. 804.) 
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PTBOaX.TCIDB. Sjn. with Diglycidfl. {loo. cit.). 

PlTBOCXiYCX-TBISVBPmmovsACID. Aa aoid produced 

hy the action of nitrio add on dithioglyeenn or trithioglycerin (ii. 895). It is a 
gummy deliquescent mass Its salts, formed by the substitution of M’’ or M” for the 
biiEio hydrogen of the acid, are insoluble in alcohol, and with the exception of the lead- 
salt, deliquescent. The solution of the free acid evaporated with dilute nitric acid, 
yields glyceri-monosulphurous, oxalic, and sulphuric acids; with excess of nitrio aoid, 
only the two latter. (Carius, Ann. Ch. Pharm. cxxiv. 221.) 

PintOGN'OZtXIO miN'XSBA.XiS. Minerals which when heated to a certain 
degree, exhibit a glow or incandescence, probably arising -from a new disposition of 
then’ molecules. Such is the case with gadolinite, orthite, pyrochlore, tachnewkinite, 
urnnotantalite, euxemte, polycrase, malacone and a certam variety of sphene (Handw. 
d Chem. vi. 62) . see also Amokphism (i. 200). 

PTBOOtrAIACIO AOID. Syn. with G-UAUGOn (u. 946). 

PVBOGtTAIACIW, A eiystslliue substance produced, together with gnaiacol, 
by the dry distiUatiou of guaiaretio acid. See Guaiaoum (ii. 948). 

P’SBOI.A, Pj/rola{oi Chiniaphla)uMcUata, contams according to B.Pairbank, 
(Am. J. Pharm. xxxii. 254, Jahresb. 1860, p. 647), an iron-greening tannin, starch, 
gum, uncrystalhsable sugar, pectio aoid, resin, fat, chlorojihyll, an acrid resinous 
substance, a yellow colouring matter, and a yellow crystalline body called ohimo- 
phylhn The leaves (? dried) yield 6-24 per cent, ash. 

On distilling the plant with water, elumaphyllin condenses in the neck of the retort 
(the stallm yield more than the leaves). It crystallises m long golden-yellow needles, 
tasteless, inodorous, sublimable without decomposition, insoluble in water, soluble in 
alcohol, ether, chloroform, and oils both fixed and volatile. The alcoholic solution is 
not precipitated by mercuric chloride or tanuio aoid. 

FYBOXiBIC ACID. Syn. with Sbbaoio Aoin. 

PTSODlGlfEOVS ACID. Impure acetic acid obtained by the distillation of 
wood (i, 9). 

PVBODmS. Syn. with Pnmoi.. 

P-TBODITAOFDDDXO ACID. —An acid Oil produced by the dry 

ihstiUation of hthofelho acid, the chief constituent of some kinds of oriental hezoar 
(ii. 684). LithofoUio acid, C*'H”0'', is extracted from those concretions by solution in 
boiling alcohol, and crystallises, after decolonsation with animal charcoal, in very 
small rhomboidal prisms, colourless, hard and easily pulverised It, dissolves in 29 
pts. alcohol at 20°, and in pts. boiling alcohol; in 444 pts. cold ether and 47 pts. 
hoihug ether. It melts at 206°, volatilises m white aromatic vapours when melted in 
an open vessel, and is converted by dry distillation, with loss of 1 at. water, into pyro- 
lithofeUic acid, 

p-inR,OXXVIX.xc ACID, =. 20K'B;“0“H*0. (Sobrero, Ann Ch; 

Pharm hv 206 , Gm. xiv 206.) — A product of the diy distillation of ohvil (p. 200). 

It is a colourless oil, heavier than water, having the taste and smell of eugenic acid ; 
boils above 200° It is very shghtly soluble in water, but easily soluble in alcohol and 
in other. The aqueous solution reddens litmus The oil dissolves chloride of calcium, 
and cannot a^ain he separated tliere&om. It dissolves readily in caustic potash, hut 
without yielding a erystallisahle salt (thereby distmgnished from eugenio acid). The 
acid reduces nitrate of sUver, and is converted by nitric acid into picric aoid and a 

The alcoholic solution of the acid forms with basic acetate of lead, white curdy flakes 
which dissolve in alcohol and are separated from the solution by evaporation or by 
dilution with water. , "WliBn separated by evaporation, they contain 67'6 per cent, 
lead-oxide ; when precipitated by water, 63-2 per cent., the former agreeing with the 
formula C'"H>^0’.Pb"0. 

PTBODDSITE, Native peroxide of manganese (ui. 811). 

PTBOKAXIC ACID. Syn. with IdAiaio Aom (iii. 784). 

PTROniABIC ACID. An acid obtained by subjecting pimoric acid (p. 646) ■ 
to dry distillation; probably identical with sjrlrio acid (Laure^nt. see Gmhn’a 
Eandbooh, xvii, 326). 

PYRoniEOOZiic ACID. C'^O*. Pyrooomonic acid , — An acid isomer 





PYEOMECONIC ACID. 761 

pyromiicic neid and citrneonie anhydride, produced by the dry distillation of eomenio 
or of msconic acid; 

C'ffO’ = GO’ + C«R^O‘; and C"H'0’ = CO» + C'ffO'. 

Meconlc Conienlo Comenlc ri-romo- 

acid, acid. acid, coni? acid. 


sublimation. Ifforms largo traiiaparent t-ihlea, dissolves easily in water and in aloohol, 
melts .at 120^ — ^125^ and .sublimes easily even below 100°. Its iiqueous solution is 
coloured red hy feme sa/ts. It is easily oxidised by niinoacid and by excess of cldor- 
mc-waicr, and converted into ox.die acid. With bromine-water it yields hromo- 
pyvomeoonic acid. It is not acted upon hy iodine, hut ohUrnda of iodim convei'ts it 
into lodopyromcconie iioid 

Pyromeoonatos, Pyromeconic acid is monobasic. It is a voiy weak aeid, does 
not deconipo.sQ oarbonntes, and docs not appear to form dcflnito salts with the alkalis, 
inasmuch as an aikalino solution of die iioid in potash or nimnonia deposits free pyio- 
meoonie acid when left to evaporate. 

The barium-salt, C'‘'H'lBa''0".H'0, and thacdciwn-saH C'WCa'O'.H’O, separate in 
slender needles when a solution of Iho acid supersaturated with ammonia is mixed 
with acetate of barnuii or calcium. — ^The droiitium-Mlt, G’"H"Sc''0".II 0, separates on 
mixing alcoholic nitrate of strontium with an alcoholic and ammoniaciil solution of py- 
romeoomo acid, as a white orystelline powder, and may he obtained in stollato groups 
of noodlos by crystallisation from water. The 01171^0 salt, 0"’II*Cu"0®, is formed hy 
boiling tlio aqueous aeid with excess of cupric hydrate, and sepiiriitos from the flltrato 
on cooling in long, slender, emoriild-grecn, very fragile needles. It may also bo obtained 
by mixing ammoinaciil oiiprio suliikito with .1 warm aqueous solution of pyromeoonio 
acid. — The fen'io salt, C''''H"Po'"0*", is dejiosited in voimulion-coloured crystals on 
adding ferric chloride to a hot poneciitrnted solution of the aeid. — The lead-salt, 
0"’n“Pb"0“, prepared like tlio barmm-salt, is a wliito crystalline powder. — The 
magncsium-sult, C'“II"Mg"0'*, is a whitu amorjihous iirceipitato, obtained on mixing tlio 
warm aqueous solution of the aeid with iiootato of mugiiesiuiu. — The silver-salt is ob- 
Ifiiiied on adding nitrale of silver to tho nquoous aeid, as a yellow gelatinoiw proeipi- 
tate, moderately soluble in water and in aleoliol. 

No other or amido of pyromccomc aeid has yet been obtained. 

Bromopyromeoonlc acid, C*II'BrO“, is obtained hy adding hromme-watcr to 
till) aqueous solution of pyromccoiiic acid, cure being taken to amid an oxoess of 
bromine, as that would produce oxalic acid. Bruinopyromeeoiiio acid separates from 
the solution on standing, in colourless prisms slightly soluble in cold, more soluble, with 
acid reaotioii, m boiling water, easily soluble 111 boiling alcohol, which deposits it liy 
slow cooling in shortened prisms. It is eoloiired dark rcd-pnrplo by ferric salts, 
dissolves without alteration in sulphuric aeid, but is decomposed, with offorve.semice, 
by nitric acid. When distilled it gives off hydtobromio acid, and if Ihu heat bo 
continued, yields a cryshillino sublimato. 

It IS monobasic, does not jirecipitato or reduce nitrate of silver, and gives no pveei- 
pit.ite witli barium-, ealeitim-, or iimgnesiiim-salts, even in presence of ammonia. With a 
Iiot solution of amnioniaeiil enprie. snlphatc it forms a hUiisIi proeipitiite. Tho lead- 
salt, C"'HTir-Pli''0‘' ( +1I''0 according to Brown), is obtained on mixing tho hot alco- 
holic solutions of pyi'omeeonie acid and acetate of lead, us a white precipitate com- 
posed of binall needles wliicli quieldy decompose. It is insolnhle m water and in 
alcohol. 

lodopyromeoonlc acid, C’OTO’. (J. F. Brown, Phil, hliig, [4] viu. 201.) 
— ^Produced by tho aetion of protochlorido (or protobromide) of iodine m aqueous solu- 
tion on a cold saturated solution of pyroraocouie acid. It crystallises in shining 
laminse, melts when heated aliovo 100 °, forming a black liquid, which then suddenly 
decomposes, giving off a largo quantity of lodino. Nitric acid decomposes it, with 
separation of iodine When treated with excess of chloride of iodine it yields yellow 
hexagonal plates winch were regarded hy Brown as a pieeulinr substance, ivdomeaonc, 
OTFI'O®, hut probably consist of iodoform (lii. 311). 

lodopyromeconc acid dissolves sparingly in cold water and alcohol, abundantly in 
both liquids at tho boiling heat. Tile aqueous solution imparts a deep purple colour 
to ferric chloride, and forms with nitrate of silver a yollowish-whito precipitate soliibln 
in ammoma. 


It was discovered hy Sertiimer in 1817, but regarded as identical with meconic acid, 
till the difference was pointed out by Eobiqruet in 1833. It has been clnefly studied 
by Bobiquet (Ann. Oh. Phys. [2] v. 282; li 236), Stenhonse (Phil. Mag. [3] 
- av. 128), and J P. Brown (PhiL Mag. [4] iv. 181 , viii. 201). 
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Til a alcoholic solution of the acid mixed with nminoma forms ivith acetate of 
hai'ium a crystalline salt having the composition C'"H''PBn''0®.H*0. The lead-salt, 
C’“H''PPb''0‘', obtained in like manner, is an amorphous precipitate. 

PTROMBIiIirE. Hydrated sulphate of nickel, occurring in capillary interlacing 
crystals, or as a greenish-white efflorescence, at Wallace Mine, Luke Huron, on a sul- 
■phide of nickel and iron , also as an earthy pale yeUow crust at the hreriohs Mine near 
jBayreut. (D an a, ii. 380.) 

PYBOMEIiKITZC ACID. C*HW or 0'“H“0“ ? (Erdmann, Aim. Oh Pharm. 
Ixxx. 281.) — ^Produced by distilling mellitie acid at us low a temperature as possible. 
It then either sublimes m white crystals, or distils over as an od which sohdifles 
in a crystalline mass on coohng. Carbonic anhydride is given off at the same time, 
together with a httle carbonic oxide, and a carbonaceous residue is left : 

2C^ffO* = + 300 + H»0 

or more probably 

SC^HW = C'»H«0“ + 200'. 

It may also be obtained by distilling a mellitate, the copper or sodium-salt for 
example, with sulphuric acid ; but the best mode of preparing the pure crystalhsed 
acid IS to decompose the sodium-salt, purified by crystallisation from alcohol, with hy- 
drochlono or nitric acid 

Pyiomelhtic crystallises m eolonrless tncUnic prisms, exhibiting according to 
Naumann, the combination oP coP'. oo'P . P, . ,P Pcc 2l’co Angle oP ooP' = 
111°, oP ; co'P =. 94° 16’, w'P ooP' = 76° 30'; oP • ,P = 62° , oP . P - 71° 
45', »'P P, = 73°, ooP' P, = 140° 45', coP • ,P = 147° 46'; oP : aPoo = 
99° 46’; oP : 2Poo =■ 76° 30’ coPos 2Pco = 166° 46'. The ciystal's are slightly 
soluble in cold water, very soluble in boiling water and in alcohol 
The acid dried at 100° — 120° exhibits the following composition ■ 

Erdmann. 

J , CaHOOS 

Carbon 47-27— 47 81 47 24 

Hydrogen 2 34— 2 41 2 37 

Oxygen „ .i 60’39 

loToo 


C'«H30< 

47’6 



lOO’O 


Water ofpiystaUisation 


12-33— 12-63 


The formula C‘“H‘’0“ accords best with the analysis, and also accounts most readily 
for the formation of the acid {md. sup.). 

The crystals heated to 100° give off 12-6 per cent water ; at a higher temperature 
the acid melts and sublimes with partial decomposition the melted acid if strongly 
heated, takes fire and bums with a bright smoky flame. Tlie acid dissolves without 
decomposition in hydrochloric, nitric, and sulphiirie acids at the hoilmg heat, and is 
precipitated by water from the last-menlionod solution. 

According to the forinnla C’“H'0“, pyromeUitic acid is tetrabusic, the formula of its 
normalsalts being |o' The pyromellitates of the alkali-metals areeolour- 

r, insoluble in 


less, orystallisahlo, very soluble 


alcohol, slightly soluble 


oipitates 
pyromellitate : 
had-, and sdner-scdts 


6 whito crystalhne precipitates. The lead-sidt gave by analysis 


66-34 and 66-23 per cent lead-oxide, the formula C‘"H“Pb30*.H30, reqmring 66-49 par 
cent. — The silver-salt gave 67-7 to 68 0 per cent. Ag'O ; the formula C’H'Ag'O® re- 
quires 68-0 per cent. 

p-YKOMtERIDE, A granitoid rock eontainmg felspnlhio spherules thickly dis- 
seminated. (Dana, li. 246 ) 

DITROKETEB. An instrument for measurmg high temperatures. (See Heat, 


p-YRoniOSXirTAirsriO acid. Syn with OxYMtEmo Aom (p. 316). 
P-YROIHORPHITB. Native Phosphato-ehloride of lead, (See Phosphates, p. 
667.) 
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PYUOMTTCIC ACID. O’ff 0« « (G’ff 0)" j 0,. 

FyrosclUeinisdura. Stcn^isohleiinsaure . — ^Thia acid, matamerio -with pyrotneeonio acid 
and eitraeonio anhydride, was discoTeredhyScheelein 1780, but regarded at that time 
as sucoime acid. It was first recognised as a diatiuet acid by Houton-Lahillar- 
diire (Atm. Gh Phys [2] ix. 305), and has beau further examined by Polouze (Ann. 
Oh Pharm. ix. 273), Boussingault (jiid xv. 184) ; liiis-Bodart {ibid c 327); 
Sohwanert {ibid. cx\y. 63; exvi. 267); and by Schmolz and Beilstein {tbid. 
Suppl. lii. 276). 

It IS produced by the dry distiUntion of mncie acid 

C»H'“0» = CPH<0» + CO’ + 3H’0; 
and by the oxidation of furfnrol, C“IPO’, which is its aldehyde. 

Its relations to furfnrol and to bases are sufficiently represented by the first rational 
formula aboro given ; but its rolntions to cnrbopyrolamide and carbopyrroKc acid 
(p. 784), are better expressed by the second or thh-d. 

PnpaTailon. — 1. Mucio acid is subjected to dry distillation; the distillate is mixed 
with water, filtered, and evaporated to the erystnlhsulg point, and the product is purified 
by recrystallisiition, distillation or snbhiuation —2. Purfurol is boiled with water and 
recently precipitated silver-oxido ; the silver is precipitated from the filtrate by hydro- 
chloric acid , the liquid again filtered and evaporated to the crystallising point , and tho 
acid, winch nsitiilly has a green colour, is purified by rocrystallisation from diluto 
alcohol (Sohwaiiort). — 3. Au alcoholic solntiou of furfnrol mixed with a. solution, of 
potash in ahaoluto alooliol, sohdifles to a crystalline mass of potussic pyromucate, from 
which tho acid may bo obtained by distillation with liydrochlorio acid (Ulrich, 
Zoitschr. Oh. Pharm. 1861, p. 18G). Part of tho pyromucio acid is converted at tlio 
same time into pyromnoio alcohol. (Schmolz and Poilstoin, p. 760.) 

Proyicrifica. — Pyromueic acid forms winto necdlus or luminio which melt at 130°, and 
Buhlimo cosily even holow 100° It dissolves in 28 pts. of cold, and 4 pts. of boiling 
water, and is easily soluble in iilcoliol. 

Veoomposiiions . — 1 Pyronuioio acid is not attacked by nitric acid — 2. "By suipiiurio 
anhydride it is converted into snlphopyroimicic ncid, OUUSO’. — 3. 'With pcHtnc/dondo 
of phosphorus ityioiils ehloridu of pyromucyl, C’lPO'-’Cl. — 4 By homine, in prosouco 
of water, it is oonvurtod iirst into n iieavy oil (probably CUl-’O’), which appears to have 
hoeii previously noticed liy Oahours {Gm. Ilandb. x. 384), and ultimately into 
muoobromio acid, Cll’llr’C: 

+ Br* + 2H’0 = C'IPBr’O’ + CO’ + 6HBr. 

WiUi ohlorinc in like manner it yields mucoohlorio aoul, C'lI’Cl’O’. (Sohmelz 
and Boilstein.) 

Pyromuoatos. Pyromueic acid is monobasic. It dissolves zinc and iron with 
evolution of hydrogen. 

Tho pyroniucates of tho alkali-metnls arc easily solnhlo in water mid alcohol, and 
difficult to crystallise. The potast,ium-salt, O’H’KO’, aopiiratea after a while from its 
alcohdio solution mixed with other, in brilliant scales and needles permanent in tlio 
air The sodium-salt, C’H’NiiO', resembles tho potassinni-sult and maybe cryatallisod 
in like manner. (Schmolz and B eilstein.) 

The barium-salt, C"'n“Ba"0'’, forms small crystals soluble in water and in alcohol 
(Schwanert). Tho caluiiim-saU, CUI’CVO’, is obtained, by neutralising Ihoiiqiicous 
acid with marldo and evaporating, in small crystals, easily solnhlo in water and in 
alcoliol, 'When prepared like the polussinm-salt, it forms a snow-wliito crystalline 
powder. (Schmelz and Boil.steiu.) 

Tho cuprw salt, obtained by neutralisation, forma small green crystals, 
C'“II“0ii"0“.6II’0, more solnhlo in hot than m cold water. 

The lead-salt, C'“H“Pb"0*,2lI’0, separates from a concentratocl aqueous solution on 
cooling in boautifnl white hard ciystals, sparingly soluble in cold, more soluble in hot 
water (Schmolz and Beilstein.) 

The silver-salt, C’H’AgO’, forms white crystalline scales, hut is partly decomposed 
during the evaporation of its aqueous solution. 

Appendix to Fyromuoio Aeid. 

1. nXuoobromlc aold, O'H’Br’O’. — To prepare this acid, bromine is slowly added 
to pyromncic aod covered with a little water in a cooled vessel till it no longer dis- 
appears , and the product is digested ■ndlh oxecaa of bromine over the water-bath, till 
toe heavy oil produced in the first stage of tho reaction {vid. sup.) is wholly converted 
into mucobronuc acid. Tho bolntiun cunceutrated .it the heat of the w.itolr-bath yields 
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muco'broiiaic atdd in tofts of white nacreous crystallino lanunm, much more aolnble in 
hot than in cold water, easily solnble in alcohol, melting at 120°, and eubliming with 
partial decomposition. 

Mncobiomio amd reddens litmns ya^er and decomposes carbonates, but its salts are 
very unstable A solution of the acid m absolute alcohol digested for some tune with 
hydrochloric acid, yields on addition of water, oily drops probably consisting of ethylio 
mucobromate. 

When mncobromic acid is boiled with escess of baryta-water in a close vessel, car- 
bonate of barium is precipitated, gaseous bromaeetylena is given off, and a solution is 
formed containing bromide and muconate of bannm. The reaction is, 

20‘H*Br’0“ + H’O = G^H’O* -i- CTOr + 200’ -t SHBr. 

Mucohromlo MumuIo 

, Boiled with oxide of silver, it yields a silver-salt having the composition O’H’Br’Ag’O*, 
the reaction probably talcmg place as shown by the equation, 

20mWO» + 2Ag»0 - a’H’Br»Ag«0‘ + AgBr -t- H’O + CO* 

Tbs silver-salt decomposed by snlpbnretted hydrogen yields a crystallised acid, 
C’H'Br’O®, which, when boiled with baryta, is resolved into muconio acid, bromaoety- 
lene, hydrobromie acid and carbonic anhydride- 

O’H’Br’O* C'H’O* ^ C*HBr -i- 2HBr + CO*. 

The ultimate products are tlierofore the same as when mucobromio acid itself is treated 
with baryta-water. (Schmelz and Beilstein.) 

2 ZMCuooohlorlo aoid, 0'H*01*0*, is prepared by passing chlorine gas into a 
■warm aqueous solution of pyromucic acid, and concentrating the liquid, first over the 
water-bath, then over oil of vitriol and hme. It forms small, sbning, limpid crystals, 
easily soluble in water and alcohol, and melting at 125°. (Schmelz and 
Beilstein.) 

3. Kuoonlo aoid,* C<H*0*.— When the liquid obtained as above by the action of 
baryta-water on mncobromic aoid is freed from excess of baryta by means of carbonic 
acid, and the filtrate is evaporated, omicoTiate of harvwm is dcpoaitecl in crystalline crusts 
which may he purified by washing with cold and reerystaliisation from hot water, or 
better by precipitation with alcohol It then forms white flakes, consisting of 
20^Ba''0’.H*0. Its aqueous solution mixed with neutral acetate of lead, yields a white 
precipitate of mvaomte of lead, which dissolves in boiling water, and separates in small 
crystals on cooling. By decomposing this lead-salt with sulphuretted hydrogen, and 
evaporating the filtrate, iivueonio acid may he obtained m crystals This aoid, so far 
as its ompmoal fonnnla is concerned, is homologous with pyromucic acid. (S chm olz 
and Beilstein ) 

PTsomrexe acid, akzdbsof. l. Pi/romucamide, 0^*110* » 
*^H*^ ® |q or (C‘ffO)''|^.— Produced by the action of ammonia on 

pyromucic chloride (Li6s-Bodart), or by beatiug ethylic pyromucate with strong 
aqueous ammonia for some time to 120° (Sehwanert). It is erystaUisable, melts at 
about 130°, and sublimes easily without decomposition. It is soluble in -water and in 
alcobol. 

2. Oarhopyrrolio aoid, (C"H*0)" Vq . — ^Thia compound, metamerio with pyiomuca- 

mide, and related to it in the same mannner as alanine (lactamio aoid) to laotamide 
(iii. 463), or glycocine (glycollamio acid) to glycoUamide (ii. 002, 908), is obtained as a 
barium-salt by boiling carbopyrrolamide with excess of baryta as long as ammonia 
continues to eacape, removing the excess of baryta by carbonic acid, and evaporating ; 
oarbopyroUate of barium then separates on coolmg in large orystalbne laminse, and the 
aqueous solution of this salt decomposed by strong hydrochloric acid deposits carho- 
pyrrolic arid in sm-all white prisms. It sublimes at about 190° and decomposes at a 
slight^ higher temperature into earbonio anhydride and pyrrol ■ C"H*N0* = 00’ + 
It is quickly decomposed by acids, yielding, instead of pyrrol, the products of 
decomposition of that substance, namdy ammonia and pyrrol-red. 
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Ciirlinpi/i rolatc of hai-inm, C"‘’H"Ba"N=0‘, forma large wliito lamin®, fiohiUe in water 
and in alcohol — The ien(Z-s«Zi, C*“H"Pb’'N-0 obtained by decomi)oaing the barinm- 
ealt with excess of lead-hydrate, ia very aolublo in water, unci reinams m nacreous 
cryatalhne scales when the solution is evaporated. 

H ■) 

3. Dtpyromuoamide or Carbopyrrolamiie, C*II“N=0 «= (C‘H*0)'"hN® 

j 


c= (C'H'O)" VN’. — Tliia compound waa first obtained by Malagnti (Ann. Ch. 

J 

Pharm. c 327), by the distillation of mucate of ammonium, (or mucamida), and has ainca 
been more fully examined by Seliwanert (ibid. cxvi. 270). Its formation from 
mucate of ammonium is represented by the equation : 

C“H>(NH*)’Os = C“H«N20 ■+ CO» + BWQ. 

Part of the product is, liowovor, resolved into aininonia and pyrrol (p. 783). To 
prepare it, mucato of ammonium is subjected -to dry distillation , the oily layer of 
pyrrol which floats on the watery distillato is removed; the solution, contauung 
dipyromuoamide and carbonate of ammonium, ia ewiporatod over the water-bath ; and 
the dipyromuoamide is oxtraetod from tlio crystalline residue by .alcohol, and purified 
hy recrystallisation from the same liquid, with addition of anim.d charco.d. 

Dipyroniuoamicle forma white, shining kminiD, easily solulile in alcohol and other, 
less soluble in water. At 173° it melts to a liquid winch solidifies to a crystalline 
mass at 133°. When boiled in aqueous solution with excess of baryta, it is resolved 
into ammonia and carbopyrrolio acid ; 

C«H=N=0 + H'O = NIP -I- C»IPNO’. 

PITROMirciC AZiCOHOIi. A compound related to pyromuoic acid in the sumo 
maniior as bonzylic alcohol, C’lPO, to boiizoic ncitl, O’iPO', and produced (toguthor 
ivitli pyromucio acid) by the action of alooholio potash on ftirfurol, just ns beuzylio 
alcohol is produced from bitter almond oil. It is, liowovor, more oasily produced by 
the notion of sodium-amalgam on fuvfurol It is a browii-rcd oily liquid, nearly iii- 
soluhlo in water, very easily soluble in alcohol and ether, decomposed hy distillation, 
converted by alkalis into pyromuoic acid. (Sohmolz and Boilstuiii, Ann. Ch. 
Pharm Suppl. in. 275.) 

PVROMXIOIO CK1.011IDS. CIPO^Ol— Produced by distilling pyromuoic acid 
with pentaohloriclo of pliosphorus. It is a liquid wliieli boils at 170°, is cmivortcd by 
w.itor into pyromuoic acid, and by ammonia into pyroniuoamide. (Lids-Bodart.) 

PTBOMUCIC £TB£RS. Ethylic Pyromucatc, C»IP(C*iP)02, is obUimed 
by distilling pyromuoic acid with alcohol and hydrochloric acid (Malagnti). It 
forms a laiiiino-erystulliiio mass, melting at 3.1°, boiling between 208° and 210°, easily 
soUihlo 111 alcohol and ether, insoluble in water. With aiumotiia it forms pyromu- 

2 When this other is subjected to tho action of dry chlorine gas, it takes up 4 at. 
clilorino, witliout evolution of hydrochloric acid, and forms chloropyroiuueio 
ether, C‘IPCP(C*n‘jO^, a fragrant syrupy liquid, easily solnblo m alcohol and ether, 
insoluhlo in water, and decomposing when heated, with abundant evolution of hytlro- 
olilowc acid. With the fixed alkulis or ammonia it yitdds alcohol and a niolallio 
elilondo. (Malaguti.) The acid corresponding to tiiis chlorinated ether has not 
yet been obtained 

PTROP£, Bohemian garnet containing chromium (ii. 772). Moberg supposes 
the olirominm to ho in the state of ohromous oxide, and givivs, us the result ofaiialysis, 
41-36 per cent. SiO^ 22 35 APO’, 9 94 PuO, 4 17 OrO, 16-00 MgO, and 5-29 CaO. 

p-niopECTIC ACID. A black substimco produced hy tho action of heat on 
pectic, pavapoctic, or metapcctic acid (p 3G9). 

PTROrHOBirS (from vvp mid ipipeiv ). — This term, in its widest sense, denotes 
any subatanco capable of taking firo spontaneonsly, or on veiy slight clev.ition of tem- 
perature, as IS the case with phosphorus, phosplioretted hydrogen, cacodyl, &c ; but it 
IB more commonly restricted to finely divided bolicl liodies which oxliibit this property, 
such as metallic iron reduced from the oxide by ignition in hydrogen. The spon- 
taneous inflammability of snob bodies is dno, partly to their powei-ful attraction for 
oxygon, partly ta their pulvomlont state, which enables them to condense the air 
rapidly ivithin tlieir pores, thereby causing a considoriiblo i-i.so of temperature, wJiilo 
at tho same time they present a birge surfiieo to tho action of tho oxygon. When a 
sohd moss of iron ia exposed to tho lur, tho heat dcvelopod by tbo oxidation of the 
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superficial particles is at once conducted away throughout the entire mass, so that the 
temperature cBUnot rise sufficiently for the oxidation to go on ; but when the metal is 
reduced to a heap of very fine particles, large numbers of these come into contact with 
the air at the same instant, and the heat developed hy their oxidation is not conducted 
away to others which take no pact in the action (see Combustion, i 1096). 

The pyrophoric ehameter is exhibited by aU the more easily oxidable metals, which 
are reduced hy hydrogen at temperatures below that at which their particles fuse or 
weld together, e.g. iron, nickel, cohalt, and manganese , also by the mixtures of finely 
divided metal and carbon obtainad hy igniting the tartrates, citrates, oxalates, and 
other organic salts of lead, iron, and some other metals. Tartrate or citrate of lead, 
when ignited in a glass tube as long as gaspous matter is evolved, and then left to 
cool, taioB fire instantly on being thrown out mto the air The sulphides of potassium, 
sodium, and lithium, obtained by igniting the corrosponding sulphates with lamp- 
black, and the alum-pyrophorus or Homherg’s pyi'ophorus, produced by heating alum 
with lamp-black, starch, or flour, likewiee exhibit spontaneous inflammahilitv. (Handw. 
d Ohem. VI. 718.) 

PYBOFHOSPBAIMEZC ACIDS. Gladstone in 1849 (Chem. Soe Q,u. J. hi. 
136), by subjecting chloronitrido of phosphorus (p 617) to the action of alkalis, 
obtained two tvihasic acids, to which he assigned the formula) and 

the first, called aaopftosphoric add, consisting of phosphorio acid +PN, and the 
second called de^taeoplwsphono aad, or phosphono acid + 2PN. Laurent, however 
(Compt. Chim 1850, p. 387), suggested that these acids were amic acids derived from 
pyrophosphorio aoid, the first being pgi aphosphamw acid, PINH'O®, and the second 
pyrophosphodiamw acid, P'N'H'O* , and these formulee have been confirmed hy the 
more recent anal^ea of Gladsi one and Holmes (Chem. Soo J xvn. 228). Lastly, 
Gladstone (ibid xix. 1) has completed the senes by the discovery of pyrophoapho- 
dnamc add, PWH'Oh The relations of these amds to pyrophosphoric aoid^ may he 
exhibited as follows . 


Pyrophosphoric aoid 
Pyrophosphamio acid 
Pyiopbosphodiamie acid . 
Pyrophosphotriamic acid . 


P»(Nff)H>0" I 
P«(NH'=)'a»0» . 
P'(NH7HO^ . 


(M.rjo. 


H“ ) 
(P»0»)wl 


or rather P»(NH)''B:^0' = (P»0’)‘’l 


[m 


, J^ophosphemie aoid is tribasm, and pyrophosphodiumio acid is chbiisio, us indieated 
by their formuhn, hut pyropliosphotiTamio aoid, which from analogy might be expected 
to be monobasic, is in reality tetrabasic, being capable of jieldiiig di-, tri-, and tetra- 
metallic as well us nionoinetalho salts • hence it is be.st represented hy the formulee 
m the lust line of the preceding table 

1. Pyropbospbainlo aeld,— POT"0“.— This acid is prodneod from nyrophoepho- 
diamic acid by Bimply heating its aqueous solution -. >/ r if 

P=N”H»0‘ + H=0 =, P*Nn»0“ + NH=; 
but the decomposition is apt to go too far, yielding ultimately nothing but phosphate 
,.of ammonium The metallic pyrophoaphamales, however, are more stable md those 
which are insoluble in dilute acids, the fenuc or cuprie salt for example,’ are easily 
prepared by heating an alkidine pyrophosphodiamate with an aeid solution of the 
metal : 

psN’HWO* + MCI + H'O = P=NH*jyPO“ + NH'Ol 

Tjiophospharaate. 

By decomposing the Bilyer-salt with hydiochlorie aeid and evaporating the filtrate, 
pyrophoephamic acid is obtimed as a semisolid, non-ciystalbne m.ias, htving an acid 

“ibSSrji; ““ " •* ■“"e 

I^rophosphamate of Ammcnmm is obtained as a gummy mass by docomposuig the 
lead-salt with somewhat less than an equiviUent qnantitj of dmmonia, und evapoiuting 



PYROPIlOKriTAMIC ACIDS, 


767 


tho flltratf in vncno over oil of vitriol. Thu jiotaismm-sidt, obtaiiiod in like manner 
hy decomposing the ferric salt with potash, is also a gummy muss. 

Barhim-salt, To prepare tins salt, an alcoholic solution of ehloro- 

nitnde of pliosphorus is decomposed hy potash or ammonia; tho liquid is ovaporated 
to dryness ; tho residue dissolved in Wiater ; and the residting solution of pyrophospho- 
diamate of potassium or ammonium is boiled with excess of barium- chloride The 
pyrophosphiimate of barium is then precipitated as a white granular powder, easily 
Bolnhlo in nitric or hydroohlorio acid, insoluble m acetic acid. 

The citpisc salt, P^lT=ffGa“0''“,2H“0 (at 100°), prepared in like manner by boiling 
the shghtly acidulated solution of an alkaline pyrophosphodiamate with cupric sulphate, 
is a blue flocoulont precipitate. — Thc/ewo sidt, F-NH'‘]?o"'0®, prepared in like manner, 
16 a white flocoulont precipitate, which iiffords a very chariotenstic reaction for pyro- 
phosphamie acid, — Tho diver-salt, P^JsTIPAg’O”, is a white precipitate.— The zwa- 
salt, P'N’n^2(n®0'“, is a white granular powder 

2. PyropHospliodiamlo acid, — This acid is produced 1. By tho 

action of water, or bettor of alkalis, on cliloronitrido of phosphorus m alcoholic so- 
lution. (Gladstone.) 

2P“N’C1“ -h 1.5H»0 = 3PWH»0‘ + 12HCT. 

2. By tho action of ammonia-gas on pliosphorio unhydrido ■* 

P»0* + 2NH» = P'-N-H«0». 

3. By passing dry ammonia-giis ovor pho.sphoric oxychloride, till it is converted into a 
white solid^ suhstanoe, taking care that tlie tcinper.itnre does not rise too higli, and 
treating this product with water, which dissolves it completely, tho solution containing 
hydrochloric and pyrophosphodianuc acids, partly us ammoiuum-salta • 

2(PCP0 + NIP) + 3IPO « P-N'-H“0» + 6II01. 

The solution, when exactly noutrulised with ammonia, yields iirocipitates of pyroplios- 
phodiamates with aoverul metalhe salts 

Tho liist two motliods may ho modified by using tho very strongest solution of 
ammonia instead of tho gas. There .ire also other methods of producing this acid. 
i. By throwing pieces of peiitaohloiido of phosphorus into tlio strongest aqueous am- 
monia, wlion somo pyrophosphotriiimato of ammonmm is at tho same time forniod ; Imt 
tho main result accords with tho following equation : — 

2P01» -I- 12NH‘’ + filPO = P»N“IPO» + lONH^Cl. 

C. By exposing phosphoric oxyelilovido to unimonia-gas at 100°, when 4 at. of the 
latter are absorbed (instead of 2 at , ns described under the third method), and sub- 
mitting tlio product to the aotion of w.iter— 

' POPO + 4NJP = PN'IPCIO + 2NIPC1 
2PN«ffC10 + SH^O = P^'N’^IPO’ + 2NH<C1. 

6 By performing asimilnr experiment at a much higher temporatiire, tho samo amounb 
of ammonia yields different products, one of wliieli is insoluble in ujitev, but when 
heated with sulphune aoid, dissolves, with tho formation of pyrophospliodi.imic acid. — 
7. The same compound is formed when pyrophosphotriumio acid is heated in a Bimilar 
manner with sulpliuno acid — 

P’N>H'0> + n“SO^ + IPO = P^N=H»0» H- (NH')HSOh 
Or, 8. When tlie samo acid is heated alone until it begins to siiflfer decomposition. — 
9. Gerhardt’s pliospliamide, heated with sulphuric ooid, also yields pyrophosphodiumie 
acid, thus — 

2PNOTO + n-BO' + 3H«0 = P=N=IPO“ + (NIP)’SOh 
The general formula of tho pyrophosphodiumates is P*N®IPJPO*, the acid 
being dibasic. It is somowh.it diffienlt to obtain theso salts pure, on account of the 
facility with which they are oonvertod into pyrophosphamates. 

The lamim-salt, P-NTI’'Ba"0’, is a gelatinous pi'ecipit,ite which dries up to a whito 
earthy powder.— Tho silver-salt has the composition P-N“IPAg''0“.— The sinc-salt, 
P*N“H'Zn"0’, IS a gelatiiimis precipitate easily soluble in acids, and to some extent m 
ammonmeal salts ; when dry it forms a white powder. 

* S c h 1 f r ( Ann. Cl?. Phai m clll. lOS), supposes that tho prodiii't of this rroetton is phmnhamic ncid, 
JHiNO-i blit Oladsloiio has shown tiiat it is ciiiolly pyiopiiosphodi.inilo aoid, mixed however iilth 
raotaphosphoric, and probably witli othor acids. (Cliom. hoc. J xvli. 223 ) 
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PyroptaoBpliotrlainlo aoW,P’N”H’0* = = (P“0 “)'''|q oriatlier 

H“ I™ ' 

P(NH)*H*0‘ «= (P’0“)‘T . — ^TMs acid is likewise formed by the snocessiye action 

of ammonia and water on phosphoric oiychloride : 

2 (PCFO + 4NH») + 2H»0 = P’T!T»H’0< 4 eHCl + SOT. 

■When diy ammonia gas is slowly passed into a flask containing phosphoric oxy- 
chloride cooled by immersion in water, 1 at of the oxychloride takes up 2 at. ammonia 
and IS gradually converted, as above-mentioned, into a white sohd mass. If the flask 
be then immersed in water at 100°, and the solid mass broken up from time to time, 
2 at. more of ammonia are taken up, and on addmg water to the white subatanoe thus 
produced, pyrophosphotnamic aeid is formed, together with pyrophosphodiamio and 
hydrochloric acids, the two latter dissolving, while the former remains behind, and 
mOT be purified by washing, first with cold water, then with a little dilute alcohoL 
Pyrophosphotrianuc acid thus obtamed is a white, amorphous, tasteless powder, which 
raddens btmus when moistened. It is nearly insoluble m water, but is very slowly 
attacked by it at ordinary temperatures, more quickly when heated, yielding pyro- 
phosphodiamio acid. 

P^'H’O* + H’O = + NH'. 

■When boiled with hydroeliloric acid, it is speedily resolved into phosphoric acid and 
ammonia, pyrophosphodiamic acid being an intermediate product 
Pyrophosphotriamates — The acid, as already observed, is tetrahasic, the 

In® 

general ftirmnla of its normal salts being most probably P®(NH)']II<0® or (PO*)'’’ >q . 


acid. All the pyrophospbotriamates, e’ 
sparingly soluble m water. 


n those of the alkali-metals, are insoluble 


Tbs ammomwm-aalt, P®N®H“(NH'')0\ formed by decomposing carbonate of am- 
monium with tho acid, cakas together m small white lumps, and readily gives up its 
ammonia to dilute acids even in the cold. 

Bamim- salts. Tlio monobarytic salt, PWH'®Ba"0®, is prepared by diffu.smg the 
acid through a solution of barium-chloride, and carefully neutralising the liberated 
acid with ammonia. The dzban/ttc salt, P*N“H“Ba^O* or by suspending 

the aoid in excess of an ammoniacal solution of banum-cblorida 

A white cadmMtn-salt is obtained by treating the acid with chloride of cadmium , a 
green ohromzum-salt, with chromic acetate. The oobali-salt, P®N®H‘Co"0^ produced 
by digesting the aeid with a slightly ammoniacal solution of cobalt-nitrate, has a 
beautiful violet colour : it is not decomposed by hydrochloric acid, and but slowly by 
dilute sulpbnrie acid. 

Copper-salts. The monoauprio safe, P'N‘’H'®0u"0®, is obtained as a pale blue 
compound (not quite pure) by treating the aeid with a slightly acidulated siSution of 
cupric nitrate. The dtauprw salt, P^NWCu^O®, obtained by digesting the acid with, 
cupric acetate, is greenish. 

Iron- salt A momferrotis salt, P''N"H‘ WO", produced by digesting the acid with 
ferrous sulphate, has a yellow-drab colour, and is insoluble m dilute acids. No /cmc 
pyropbospbotriamate has yet been obtained. 

Lead-salts , — ^The monoplumbic salt, P'N'H’"Pb''0', is obtained pure by digesting 
,the acid with a decidedly acid solution of plumbic nitrate , the d^plumbic salt, 
P'N"H>WO“, by using a Bolndon only slightly acidulated • the tnplumbic salt, 
P*N"H«Pb"0“. by warming the arid with basic acetate of lead 

Magnestum-salts. — The product obtained by warming the acid with an' ammo- 
nmoal solution of magnesia, washing with water containing a little ammonia, and after- 
words with pure water, appears to be a mixture of mono- and di-magnesie pyropbos- 
photriamates. 

The mojiyaffless-saff is yellowish, '• 

Merowrg-salt,V^'B?:d^O\ obtained by diffusing the acid through a solution 
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of mercuric ehlorido, or a bligliHy acidulated solution of ainnioiiio-mcreuric chloride, 
18 a heavy, white, granular powder which becomes yellowish, and eventually diU'k- 
coloured on exposure to light. Iodide of potassium first turns it scarlet, and then dis- 
solves out the mercury. 

Niohel-salt . — A feebly ammoniacol solution of mckol-snlphate yields a bnght 
green pyrophosphotriamate. 

Platinum- salt, PWH'Pf’Oh — Obtained by treating the acid with a strong solu- 
tion of platmic chloride, as a bulky yellowish compound, which must be washed with 
alcohol, as water decomposes it in presence of the liberated acid. 

Potassium-salt, P'N^H'KO^. — White, almost insoluble salt, produced by decom- 
posing carbonate of potassium with pyrophospliotriamic acid. It is easily decomposed 
by acids. 

Silver-salts — The mono-argmtio salt, P*Il“H“AgO', is obtained as a white 
flooculont precipitate, soon becoming granular, by adding nitrate of silver to water in 
which the add is suspended, .iml may bo imrified by digistiun in dilute nitric acid or 
ammonia, which dissolves out a sliglit excess of silver It is insoluble in water, and 
is completely decomposed by hydrochloric acid.— The Maigentio salt, PWHhVg'O', is 
obtained by precipitating an nminoniiical solution of silver-nitiuto witli a solution of 
pyrophosphotriamio acid, or bettor, by treating themono-aigentie-saU with ammoimicnl 
silver-nitiato It is of a bright yellow colour, heavy, gruniilur, and when dry fonus 
an orange-yellow powder. Dilute nitric acid or nmmonu converts it into tlic mono- 
argentio sidt. Acetic acid attacks it but slowly. 

Thalhum-salt — Tlio acid treated with nitrate of tludliura forms a heavy white 
compound, easily decomposed by rathor strong mtvic and. 

Zino-salt , — The acid decomposes chloride of zinc, forming a white pyrophos- 
photriamate. 

PYROPHOSPHOmc ACIX>. See PnospnoBUS, OxYorN-Aorns or (p. 039). 

PYROPHVIiIilTB. A hydrated aliiniiiuc silicate occurring in foliated, tale-like, 
siilitransparcmt masses, having a white, grooii, or yellow colour mid pearly lustra , 
hiu’diiess = 1; specific gravity = 27 — 2'8 ; ilexihle in tliin himiiim Detbro Ihe 
blnwjiipe it swells up, without fusing, in fan-like shapes, luereasiiig to nhoiit twenty times 
Its original hulk. It forms a clear yellow glass wil.h soda, and gives a fliio liluo colour 
witli cobalt-solution. P.uiinlly soluble in sulphuric acid. 

Amli/srs.—a, Prom PHclmimsk in tlio Ural (Ilornuinii, Pogg Ann xv. 392) 

li 8pii luBiilguim (Rammolsbnrg, tliul. Ixviii 01,3) — e. West, nia in Sweden (Berlin, 
tlml. Ixxviii. 411).— d. Chcstcrlleld County, South O.iroliiia (0 outh, Sill. Am. .1. [2] 
xviii. 449) : 


Sion. 

a. 0979 

b. 6C 14 

0. 66 69 

a. 66-41 


AI'JQS. ro=OS. 
29 46 1-80 

2fl'87 . . 

26-63 076 

28-60 0-91 


MnO. MgO C.iO, 

. . 4-00 . . 

. . 1-40 0-39 

0-29 0-17 0-67 

. . 0-20 0-39 


H-’O. 

0-02 

O-flO 

6-40 

0-23 


100 07 
09-48 
100 06 
100 09 


The last three analyses may be represented approximately by tlio formula 
2A1’0> 9SiO“.3ffO ; the first by (Mg"O.SiO').3(Al-'0“.3Si05).31PO. Some of the 
Cliinese agalmatolites (1.60) approach voiy nearly to pyrophyllito. (Ilammcls- 
herg’s Mimralclumie, p. 086 ) 


PTBOFKYSABXTXi. Syn. with PilYSAXlTr, (p. 6.34). 


PITBOPITI’. The name given by Tlionison (Phil. Mag. xviii, .372) to a red 
suhstaneo extracted from olopliant.s’ tooth ; apparently an alhniniiioid. 


PYBOPISSITB. A yellovnsh-brown, opaque, earthy substance, occurring in the 
lignite of Woiaaenfela, Boiling alcohol extracts from it 30 per cent, of a white, fusildc, 
oombiistiblo matter. Wlien Iieated above 100“ it melts with tumefaction, and evolu- 
tion of white vapours, to a black inflainmablo m.iss ; soluble for the most part in oil 
of tm-pentine. By distillation, according to Marchand, it yields 62 per cent. p,-iraiTiii, 
and 3 cubic feet of illuminating gas, from a pound of the material. (Koiiiigutt, 
Min. Porsch. 1860—61, p. 148.) 

P'S'ROQtTINOIi. Syn. witli H-YnnoftnnroNF, (lii 213). 


p-SRORAOEWao JiClD. C’HW - Pynimcaoid. Bremlnm- 

Imsimrs (Berzelius Ann. Oh. Phann. xiii. 61. — Volckel, iUd. Ixxxix. 66. 
WislioenuB, tiid, cxxvi. 225.) — An acid homologous with glyoxalic aeid (C’JI^O’) 
produced by the dry distillation of rucoraic or tartaric acid . probably thus : 

C'H»0“ « CyPO'' s- CO* 11=0. 

3U 


Voi. lA*. 
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To prepare it, tartaric acid is distilled at a temperature gradually rising to 300°, and 
the distillate is redistilled several times, the portion -which goes over between 165° and 
170° being ultimately collected apart This distfllate left for some days over oil of 
■vitriol and sohd potash, yields pure pyroracemic acid tVoTckel.) 

Pyroracemic, acid is a liquid having a faint yellowish colour, smelling like acetic 
acid, and hoihngat about 166°, but with partial decomposition at each distillation. It 
is soluble in -water, alcohol, and ether 

"When subjected m aqueous solution to the action of nascent hyirogen — evolved by 
Bodium-amftlgam (Wislieenus), or by zinc and sulphuric acid (Debus) — or of hy- 
dnodio ttoid, or wdide of phosphorus, it takes up 2 at hydrogen, and is converted mto 
lactic acid CffO*, or if the rediiciiig agent is employed m larger excess, into pro- 
pionic aeid(p 730) It unites directly with 2 at. 6rann«c, forming the compound 
C“H‘Ilr“0“, probably broraolactio acid. These reactions show that pyroracemic 
acid is related to lactic acid in the same manner as acrylic to propionic acid, also tliat 
its relation to acrylic acid is the same as that of lactic to propionic acid. (Wis- 
licenus.) ^ 

PyroracematsB. The acid is monobasic, the formula of its salts being O'ffMO'. 
They crystallise well, provided that heat is avoided in their preparation. The potas- 
sium- and sodivm-salts are deliquescent The sodium-scdt forms lai'ge anhydrous prisms, 
C’H'NaO®. _ The lead-soli, C"HWO®, isa crystalline precipitate. The silver-salt is 
also cryataUine, and may he recrystallised from boiling water. 

^-Fyroraesmio acid— 'When an aqueous solution of pyroraoemio acid is eva- 
porated by heat, there remains a non-volatile syrupy mass wluoli appears to be a 
polymeric modification of the acid It is likewise produced when the acid is separated 
from its salts This syrupy acid does not form crystiilliaable salts, its salts being all 
amorphous and gummy The same gummy suits are obtained when the solutions of 
the oryatalhiie pyroracemates are evaporated by heat 

■When pyroracemic is treated ivith excess of baryta, a yollo-wish precipitate is formed 
ha-ving the composition of a basic banum-salt of tnpyro racemic acid, 
0'“H>_“Ba’0'*.Ba"II=0‘‘ On boiling this precipitate for some hours -with excess of 
fcarj.io hydrate, oxalate of hariiun separates out, oiid the supernatant liquid, -when 
freed from baryta by sulphuric acid and evaporated, leaves a syrup winch partly 
solidifies in the crystalline form (Pluck, Ann Ch Pharm cxxii 182). The cryatals 
when piuified by recrystaUisation from alcohol and other, eousliitute Finok’s u vitio 
acid, C”H“0'*, which melts iit 287°, sublimes without decomposition, and forms oiys- 
tallisahle salts, the sparingly soluble silver-salt having the composition CH’Ag’O^ — 
The syruOT liquid, Finck’s uvitonic acid, has, according to hie analysis, the compo- 
sition It forms amorphous salts, and appears, both from its properties and 

from the analysis, to he merely the above-mentioned syrupy modification of pyroracemic 
acid. (Kefcul6, Lehrbuch, ii. 213.) 

PYBOUBTiw. Eetinite from the lignite of Aussig in Bohemia (see Eetinitb). 

PYBOBTHITE, See OnTHiTii (p. 237). 

STTBOSCIBBITE, including Kommerertie . — These minerals are alumino-Bilicates 
containing chromium. They' occur in six-aidcd prisms, apparently belonging to the 
hexagonal system, -with perfect basal cleavage ; also massive. 

Pyroschriie is translucent, with a gieen-greyish or reddish colour, and weak pearly 
, lustre Hardness = 2'6 — 3 Specific gravity = 2 6 — 2 74. Fracture imovcii and 
splintery. Gives oif all its water at a strong heat. , molts with difficulty before the 
blowpipe to a grey glass, and gives with fluxes a famt chrome reaction. Decomposed 
by hydrochloric acid 

Kmmmsro'zte is also translucent and has a pearly lustre ; hut its coloiu' is reddish- 
violet like that of lepidohto. Hardness = 15 — 2. Specific gravity = 2-617—2 62. 
Sectile and flexible Feels greasy Gives off empyrsumatie water when heated. Ex- 
foliates slightly before the blowpipe, hut does not fuse ; gives with fluxes the reactions 
of chromium. Decomposed by hydrochloric acid. 

Rhodochrome is a variety of kmmmererite, having a greeni.sh-hlack colour in the 
mass, hut peach-blossom red in thin splinters. Hardness =« 2 6 — 3. Specific gravity 
= 2-66~2-67 When strongly heated before the blowpipe, it melts on the edges to 
ayellow enamel. 

Analyses. — a. Pyrosclerite ftom Elba (v Kobell, J. pr Chem ii 61) — b, Esem- 
mererite from Bissexsk in Siberia (Hartwall, Berz Jahresh xxif* 266) —c K. from 
Lake Atkall in the Ural- a crystallised; fl, massive: i-fmafodArome (Hermann, J. 
pr. Chem. hii. 22). — d K. from Texas, Laneaster Oovnty, Pennsylvania . o. by Genth 
(fidl. Am, J [2] rv. 438) ; B by Smith and Brush (tbid. xvi. 41). 
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Silica. 
Alumina . 
Ohromio oxide 
Magnesia . 
Limo . 

Pen'ous oxide 
Water 


Pyrosclerite. 

37-03 37-0 

13 60 14-2 

1-43 1-0 

81-62 81-5 

. . 1-6 

3 62 1-5 

11-00 13 0 

98-10 99li 


30-68 34-64 

16 94 10-60 

4-99 5-50 

33-46 35-47 

3 32 1-80 

12 06 12 03 

100-33 99-94 


~~a. ^ 3 , 

32-98 88-28 

II 11 10-60 

6-86 4 72 

36-22 36 00 

0- 38> 0-36 

1- 29 1-60 

1312 12-06 

100-96 99 50 


All tliese minerals may be represented as compounds of a metasibeate, M"SiO’ or 
M'O.SiO® with an aluminnte. or 3M"0.ii!l’0“, and water, tlio aluminium being 

partly ropkoed by chromium, and to a greater extent in kaemmerorite than in pyros- 
elerito. Calling the silicate A and the aluminate B, • 

a. may be represented as 0 A + JB + 9 aij. 

b. „ 9 A + JJ + 12 aq. 

c. d. „ 6 A + iJ + 9 aq. 

VermiotiMte ftom Milbury, Massauhnsetts, may be regarded as belonging to the same 
family, though it contains no ohromium It has a grnnular, scaly structiu-e, and greasy 
feel, and is especially oharaoterised by its behimour before the blowpipe, opening out 
into wormliko threads, expanding to many times its original bulk, and ultimately 
moltibg to a yellowisb-greon glass. It is decomposed by liydrochlorio acid. Contains, 
aocording to Crosaley (liana’s Mineralogy, li. 292), 36-74 per cent. SiO’, 16-42 
AI’’0’, 27 44 MgO, 10-92 PeO and 10-30 water, and may bo represented by the formula 
8M"SiO’.t«APO’. 8 aq. 

OIiomcnia{l. 931), Loganite (lii, 732), imd Tabergite arc sometimes also classed with 
pyrosclorito. 

PTHrOSKAXiITE, A siboato of iron and manganese containing cliloriiio, occurring 
in hexagonal prisms or tables having tbo priiieipal axis = 0-5307, and exhibiting the 
faces oX-’, P, 21?, ooP Cleavage pierfeetiinraUol to the base, imperfect parallel to osP. 
It also occurs massive. Hardness = 4 — 4 6 iSpocitlo gravil.y = 3-0— 3-2. It has a 
brown oolmir and pearly lustre, streak paler tlmii tlie colour. Praoturo imoveii, 
rather splintery ; somcwluit brittle. When strongly heated before the blowpipe it 
melts to a black slag, attractable by tlio inngnot Puses readily with borax, exhibiting 
the reactions of iron and mangaiiesu. Dissolves perfectly in strong nitriu acid. 

A specimen from the Bjelkoy mine near Nordm.irkcii in Wormlund, Sweden, was 
found by Hisinger (Schw. J xiii, 341; xxiii. 64) to contain .'16-86 per cent. SiO“, 
35-48 APO’, 24-26 Mn*0‘, 1 21 CaO, 3-77 elilonne, and a qu-mtity of water not deter- 
mined Its composition may bo lepiesontod approximately by the formula 
Fe''0P3(4M"0.3Si0«-s2aq.). 

Pyrosmalite occurs also at Hya Koppnrbcrg in Westmannlaud 

p-STROSORSIc ACID. Syn. with Mannio Acm. 


p-X-ROSTEAniN-. Tlio namo ’applied by Berzelius to flio loss fusible portion of 
the distillate obtained by distilling empyronmatie oils with water, the more fiisible por- 
tion being called pyreldin (Haiidw. d Cbom. 2to. Aufl ii [2] 418) 


p-gBOSTIBITE. Syn. with Kebmesitb or Red AimiroifY (iii. 440). 
P-ITKOTARTABZC ACXD. C‘H"0* = This acid was discovered 

in 1807 hy Taleutin Rose, among the products of the distillation of tarbu- It has 
been investigated cluefly liy Gruver (Trommsd. N J. xxiv. 2, 55), Polouze (Ann 
Ch. PhyBj2] Ivi. 297), We ni solos (Ann. Ch Phnrm. xv. 148), Arppo liind. Ixvi. 
73), and KeknU {itnd. Suppl. i. 342) 

It is produced — 1. By the dry distillation of tartaric acid ; 

2G'H“0“ = + 3GO' + 2E»0; 

2. By the action of sodium-amalgam on itaconie acid or its isomors, citraeonie or 
meaaconie acid : 

, -4 Hg-m® = Hg + C'HWO*. 

This reaction is analogous to that by which the homologous body fumarie acid, CHI‘0* 
IS converted into succinic acid (ii. 743). 

3d2 
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It tiay also be formed from itaconic acid by conTerting the latter into dibromopy- 
lotartaric acid, and reducing the latter -with Bodinm-amalgam. (KekuU.) 

3. By heating cyanide of tritylene with alcoholic potash, the action being analogous 
to that by which liie fatty acids are formed from the cyanides of the monatomic radi- 
dea (Maxwell Simpson) : 

c»H''(CN)* + 4H»o = 2ira:» + CWOh 

Preparation. — 1 Ikom Tartaric acid. Tartaric mixed with an equal weight of 
pounded pumice is distilled in a capacious retort ; the distillate is diluted with 
water ; the empyreumatie oil is removed hy filtration , the filtrate is evaporated to the 
oiystalliamg point, and the crystals are freed from adhering oil hy sprcadb^ them 
oiit on paper under a bell-jar near a dish containing alcohol. This process yields a 
quantity of pyrotortaric acid equal to 7 per cent of the tartand acid used. 

2 Proaltaeonicaeid. Bodinro-amalgam is added to aqueous itaconic acid, and 
the liquid, decanted from the separated mercury, is saturated with hydrochloric acid 
and evaporated, the residue is trsated with alcohol, which dissolves out the pyrotar- 
taric acia and leaves the greater part of the chlonds of sodium ; the alcoholic solution 
IS evaporated to dryness ; and the pyrotartaric acid is extracted from the rosidne hy 
ether. (Keknld.) 

Piopej'iies.— Pyrotartaric acid cryataUises in colourless, sometimes well developed 
prisms with rhombic base and truncated on the lateral edges It is very soluble in 
water, alcohol and ether • 1 pt of it dissolves in pt water at 20° It melts at 112°, 
begins to boil at about 200° and then volatilises, hemg' partly converted into pyrotar- 
tano anhydride C‘H“0*. It is not attacked hy nitric acid or hy cold sulphuric acid. 

A concentrated aqueous solution of pyrotartaric acid does not produce any turbidity 
in baryta- strontia- or lime-water, or in solution of nitrate or neutral acetate of lead j 
but with basic acetate of load it forms a copious white curdy precipitate insoluble in 
water, but very soluble in the hasio lead-acetate and m excess of acid 

Pyrotartrates. Pyrotiu-tario acid is dibasic, forming neutral and acid salts, the 
general formnlsa of which are : 

Neutral. AeW. 

Por monatomic metals . O'HWO* 

For diatomic metals . C*n«M"0< or 0»H«0< 

There are also a few basic pyrotartrates of di- and triatomio metals. The acid salts 

of the allcali-metals and alkaline-earth-metals, obtained hy neutralising a certain 

quantity of pyrotartaric acid with the base and then adding a quantity of the acid 
equal to the former, aystalhse woU; the soluble neutral salts are somewhat difficult 
to crystallise, 

P yrotd'Ttf dies of Aluminium. Moist hydrate of aluminium dissolves easily 
m pyrotartaric ncid, and the solution when concentrated yields crystals A basic salt, 
2C‘H*9< A1*0“ or 2(C"‘H»'A1"'0>^A1*0«).8H^0, is obtained as a heajry povrder hy pre- 
cipitating a nentral solution of alnminic chloride with neutral pyrototrate of sodium, 
or by hoilhig moist alumina with a quantity of the acid not anffioient to dissolve it. 

Ammomiim-salts, — The neutral salt is deliquescent, and gives off ammonia on 
evaporation The aaiA salt, 0''H’(l!rH*)0‘, forms beautiful rhomhoidal prisms, perma- 
nent m the air, very soluble in water. 

Barium-salts. — ^The neutral salt, C“H“Ba"0*.2B!®0, is a crystalline powder 
formed of small rhomhoidal prisms, very soluble iti water, insoluble iu aloohol, — The 
acid salt, C''’H’''Ba"0“.2H'“0, forms stellate groups of crystals 

Bismuth-salt. — ^A solution of recently precipitated bismuth-hydrate iu pyrotar- 
tario acid yields on addition of water, a precipitate containing C‘*H'’*Bi'''''0'“.5H*0. 

OaAmiu’m- salts. — a. JNeM<rfll,C'H''Cd"0‘,3H''0 — ^The solution of cadmio caihonato 
in the aqueous acid yields, by concentration, eryetaUine grains veiy soluble ni water, 
insoluble la alcohol, and stUl retaining 1 at water at 200°. — j3 The aciA salt is 
obtained by evaporation as a viscous muss in which a few long needles form after a 
while. 

Caloium-salts — «. Neutral, C!‘H'’Ca"0*.2H''*0 — White pulverulent precipitate, 
slightly soluble in water, very soluble in acetic, hydiochlorio, and nitric acids, 
insoluble in alcohol. — ft The acid salt, obtained hy evaporating a solution of the 
neutral salt in pyrotartanc acid, forms crystals containing 0’H“Ca"0^fiC‘H®0'‘.2H®0. 
(Arppe.) 

Cobalt-salt^lhe solution of cohalt-hydrate in pyrot0rtaria''aeid deposits on 
evaporation colourless crystals of the acid mixed with a red insoluble salt. On neu- 
trahsing the acid liquid with ammonia, a rose-coloured crystalbne powder is formeds 
which dissolves in water, hut is decomposed at the same time. 



PYllOTABTARIG ACID. 


r7S 


Gopp er-salt s.—a. Heiitral, C“n'‘Cu''0' 2H’-0.— Pyrotartrate of Boaiiim forma w; th 
cuprio aalta a blue preeipitata aolublo in about 2o0 pts. of water, very aolnblo in acids 
and ammonia; it retaina 1 at water at lOO '^. — $ A basic salt, C®H“Cn''0^Cu"H‘0'', 
la deposited I'n groenisli iloeka on evaporating a solution of the neutral aalt in ammonia, 
after addition of water. 

G-luoinum-salts . — ^Pyrotartariencidsatnratedwith glncmaleavcawlien evaporated 
over oil of vitriol, a crystalline acid q.ilt, C“II“&''0'‘.C’H"0\ which when heated to 180° 
IS converted into the neutral salt, G''H"Gr"0* 

Iron-salts — a. Ferrous salt. — The acid dissolves iron, with evolution of hydrogen, 
forming a solution which quickly turns red, and deposits red flocks on addition of 
water or alcohol,—^. Feme salt. Feme chloride forms with pyrotiirtuuto of sodium a 
red viscous precipitate contaiiiiiig 2G“H"0*.Pe'-0’ 3H-0 or 0'*H“'pB"'0'“.Fo“0’.flH-“0 

Lead-salt, G“H"Pb"0b2H“0. — Prncipitated after a few hours from a solution of 
the potassium-salt mixed witli nitruto or neutral acetate of lead, in needles if the solu- 
tion omitaiiis free acid, as a powder if it is niHttr.il. It dissolves in simill quantity in 
boiling water, and is deposited in noodles on eooltiig' dissolves also in nitrato of lead. 
The same salt is formed hy treating carbonate of lead with pyrotartiiric aeid and 
filtering to sopnmto a basic salt, Pyrotnrtaric acid forms a curdy prccipUato with 
basic acetate of lead (p.' 772). 

Magnesium-salts — A solution of magnesia in pyrotartiiric acid evaporated over 
oil of vttnol, leaves the neutral salt ns ii gummy very friable mass, apjiarciitly 
containing C®II"Mg''0k3H-0. The suine solution eviipomted to a syrup, and tlii-n 
mixed with water, deposits a crystalline mass consisting of C“II“Mg"0' 011*0.— The 
acid salt is gummy. 

The manganese-salt, C’lI“Mn’'0h.7H*0, is obtained by ovapoiution ns a gummy 
muss, very soluble in water, insoluble in alcoliol. 

The mcreurons and merourie salts tiro white prcciiiitatos. 

iVicAcl-saits,— Tho neutral salt, C''II“Ni“0k2H'’0, is ohtiiiiiod by cviiporuting the 
green solution of niekel-hydvato in the ncid, redissolving in alcohol, and auain ovapora- 
tiiig, as a green, ervst.illine, .sparingly sohihlo powder, which gives off its water at 2(10°. 
—The mid salt, 0'’II“Ni"0' GWOMPO. is obtained ns a crystalline mass by leaving 
the solution of tlio hydrato in pyrot.irturic acid to (niiporiite over oil of vitriol. 

Poiassmm-solts — Tho neutral salt, C*n''K*0MI*0, is very soluble, doliqiioseout, 
and may with some difileulty ho obtained in Inlialed erystuls hy evaporating its solu- 
tion 111 a hot air chamber — Tho aeid salt, G’lI’KO^ is obtained by spontaiiooiis evapo- 
ration of a solution of the acid half saturated with potash, in colourless, oblique, rliom- 
boidal piusms, purmanent in tho air. 

Tho silver-salt, C‘II“Ag*0^ is a white, eimly precipitate which blaekons when 
exposed to light. By heating it in a current of dry hydrogen, and wasliing tho product 
with water to remove free acid, a brown powder is obtained consisting of argentous 
pyrotartrate. 

Sodium-salts. — Tho neutral salt, CWNa’OkOH’O, forms offloroscoiil laminso very 
Bolulile m water, insoluble in alcohol. — The aetd salt, CWNuO', crystallises with 
difficulty in small rhomboidal prisms. 

Strontium salts. — The neutral salt, C*H"Sr"0MI*0, forms prisms vorysolubifi 
in water, insoluble in iilcuhol, — ^Tho add salt, C‘H"Sr'’0'*,G’H"0 *.211*0, crystallises in 
naoreoUB scales. 

Ti 11 -safi.— Stannous oxide dissolves easily iii pyrotavtano acid, and the solution, 
filtered from a yellow basic salt, yields with alcohol a precipitate nppurontly 
containing C*II''Sn"0*,Sn"0. 

Uranic salt,-— Tho yellow solution of uranic hydrate in tho acid deposits on 
evaporation, a yellow powder, very solnblo in water, insoliiblo in alcohol, iiiul con- 
taining according to Arppe, C'WTJ" or 2C"H»(U*0*)"0‘ C=1P0‘.21I*0. 

Zine-salts, — The neutral suit, G*II"Zii"0* 3H*0, is obtained by evaporation as a 
thick syrup, gr.idually depositing orystallmo granules which increase in quantity on 
addition of a small quantity oi water It retains 1 at w.iter at 200° —An' insolidilo 
bask salt is obtained by couceiitratiiig a solution of zme m pyrotartorio ncid to a small 
bulk and treating tho residue with water. 

Dibromopyrotartarlo acid, O'II“Br*0* — This compound has not yot been 
obtained as a substitution-product of pyrotartaric aeid, but is formed by direct addition 
of bromine to itaoonio aci^ C‘H“0'‘. To prepare it, i pts of itacoiue arid aru slmkiin 
up with 6 pts. of bromine and 4 or fi pts. of water. The reaotinn ei'mineiiees at 
oi’diiiary temperatures and is uttoiidud with evolution of hc.it, but towards the ond it 
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must be assisted by the beat of _a water-bath. The oryatalbne crust which separates 
on cooling, and the crystals obtained by evaporating the mother-hguor, are puritied by 
recrystallisation from a small quantity of water. 

Dihromopyrotartano acid forms colourless crystals easily soluble in water, alcohol, 
and ether, when treated with eodbvm-amidgam, it \e converted into pyrotartario 
acid. On adding oxide of silver to the aqueous solution, the 2 at. bromine are 
replaced by 2 at. HO, and an acid, C’H'O®, homologous with tartaric acid, is produced 
C«H“Bi-“0‘ + Ag“0 + ffO a 2AgBr + 0'H®0«. 

Dihromopyi'otaa'tarie acid is dibasic. Its salts have not hem much examined. In 
preparing them it is necessary to avoid nse of temperature, as they are easily decom- 
posed thereby, with separation of metallic bromide and formation of a cryetalhsablo 
monobasic aoi^ called aoonio acid, e.ff, : 

C'H^BrWO* = 2NaBr + 

On boiling a solution of the sodium-salt and adding carbonate of sodium in such qunfi- 
tity, that 3 at. sodium shall be present for evcrjp 1 at. of dibromopyrotartario acid, a 
solution is obtained which on st&oient concantratioii, yields large cryatallme plates 
ofaoonate of sodium, obtainable by slow evapomtion from aqueous solution, 
in large, well-developed, efBoreseent crystals containing O’H’N'aOt 3H*0. In like 
manner by boiling a solution of barytio dibromo-pyrotartrate, adding carbonate of 
barium in sufficient quantity to nentrabse the reaction, and mixing tbo filtrate with 
alcohol, aoonate of barium, C'"H“Ba"0*, la precipitated m white flocks, very 
soluble in water, insoluble in strong alcohol, crystaUisnig in needles from dfluts 
alcohol 

By treating oitraeonio and mcsaconie acids which ai'e isomeric with itaoonio acid, 
with bromine and water as above, acids are produced, isomerio but not identical with 
the dibromopyiotnrtaric acid just described. The three isomeric acids may he distin- 
guished as ita-, Ultra-, and mesa-dibromopyrotartario acids 

Otira-dtbromopj/rotartartc aoid, C^H'Br^'O*, is much more solnhle than ita- 
dibromopyrotartanc acid It usnaEy crystuUiees m oauliflower-hke groups of 
microscopic needles. 'When heated it yields mouohromooitraconio anhydride, 
C'H'BiO* . 

0»HW0' - C»H«BrO“ + H*0 + HBr. 

Citia-dibromopyrotartario acid is also dibasic, and ita suits are readily decomposed 
by boEing with water or excess of hose, hut in a totally different manner from the ita- 
dibromopyrotartrates, earhonio anhydride being given off, and a salt ofmonobromo- 
orotonio acid produced: thus, 

C»H‘BrWO< - 0»H<BrHaO» + NaBp + 00». 

Citra-Clbramopjro- Monobramuctotonate 


20«H‘Br»Oa''0‘ - 0>«H»BrW0‘ -t Ca’'Br» + 200». 

Gttro'dibromopyro* Monobromocrotonate 
tartrat« of calcium of ca] cium. 

(See OnoToHio Aon) in the Appendix ) According to Cahours (Ann. Oh. Bhys. [8] 
Ixvh. 137), an acid having the composition of dibromohutyrio acid is formed at the 
same time as an latenneiate product : 

C“H‘>Br'0* = C‘H»BrW -I- CO». 

Misa-dihromopyrotartarie acid is much loss soluble than citra-, hut more 
soluble than ita-dibromopyrotaitaric acid. It crystalliBes in nodular or spherical 
masses Its salts when boUed with water likewise yield bromocrotonio acid. (K ekul A 
Ann. Ch. Bharm. Suppl n. 100 ) 

_ PVROT AKTARIO AiraTSRISB. C*H»0“ = C“H”0’.0.— Obtained by 
distiUing the acid with phosphoric anhydride. It is a hquid boiling at a temperature 
above 300°, insoluble in water, but gradually converted by absorption of water into 
pyrotartario acid. 

PVKOTAltTASIC ETHERS. The only one known is the ethylio ether, 
C‘H“(C’H‘)*0*, wWeh is produced by passing hydrochloric acid gas into an alcoholic 
solution of the acid. It is an aromaho Kqiud boiling at 218°, gradually decomposed 
by water. 

pyROTARTRAWIl, ov PhenylpyrotaHrimide, 0"H'’N0’i'^ = 

(Arppe, Ann. Ch. Bharm. xe. 188.)- Broduced by heating anEine with pyrotartario 
acid to a temperature a little above 100° for about teu minutes. On dissolving the 
Bohdified mass in boding water, treating the solution with animal charcoal, and leaving 
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it to cool, pyrotartranil 18 deposited as a pulverulent precipitate composed of microscopic 
needles It Jias ueitlior taste nor smell , melts at 98^^, sublimes without decomposition 
at 110°, boils with parlial decomposition at about 300°. It is slightly soluble in boiling 
wate>, easily soluble in ntcohol and ether, also in aq^us alkalis, by wbicli when heated 
it is converted into pyrotartrunilic acid 'When fused with alkaline hydrates, it 
13 resolved mto aniline and pyrotarturic acid. NUrit actd converts itmtopyrotartro- 


PTOOTARTBAWMIIC ACID, or Thmiyl-pyrotaHramiB acid, C"H'*rrO” = 
(C’H.“0 ^)"|q (Arppe, loc.eit.) — Produced by the action of auilme on pyrotortano 

anhydride , also by the metamorphosis of pyrotartraml nnder the influence of aqueous 
alkuhs. It foinis bulky needles, appearing under the microscope us rectangular 
prisms witli perpendicular end-faces It is more fcolublo in mitir than pyrotartranil, 
easily soluble in alvohol and Uhtr, reddnns litmus. It may be heated to 110° without 
loss of weight, bui, .it 1 17° it gives off w.iter and is cunverlecl into pyroliirtromtranil. 
It IS decomposed bj exeess of boiling pofwsA , is not coloured by chloride of hme. 

Pprotartranihc acid decomposes carbonates, hut is separated from its own salts by 
acetic acid. The pyrotartrauilatos of the alkali- and ulkalino-oiirth metals are very 
soluble in water. The amimiimm-aalt, which may be obtained by boiling piyrotartraml 
■with aqueous ammoni.i, dries up to a radiate mass very snliihlo in cold Init decomposed 
by liot water. Its solution forms a hlmsU-green preeipitiito with cujino sulphate, 
white w'itli mrrimo chlonde, yellowish-red with ferrw chloride. The leiul-salt, 
0’'’Ji"Pb"(C“Il“j'N®0“, forms a while precipitate liccoming ghitinoiis on ebullition. 

PYBOTABTBlWJtlDB, C‘H’NO* = w m^yrotartro-diarnido, 

(C jifi. (Arppe, Ann. Ch. Pliarm. bcxxvii. 228.) — ^Produced by heating acid 
pyrotartrato of aniinonium •• 


0‘n’(NII^)0' - 2H'0 C'H’NO’. 


The soHdiflod distillate is purified by pressure and recrystallisationfrom n small quan- 
tity of water. 

i-’yrotai'ti'imule forms small needles or hexagonal plates, belonging to tho trimetrio 
systi'in, and oxjubiting the eomhinatioii oP . ooPoo , coP. Anglo coP : coP = 92° 
30' I mP : = 133°. Cleavage parallel to ooP and oP. It is anhydrous, 

very soluble m water, alcohol, etlier, acids and alltahs; has a cooling, sliglitly hitter, 
evud sour taste ; its aqueous solution ri’ddons litmus, but it does not coiiibiuo with 
ammonia. It melts at 00°, and solidifies on cooling, in a radiate mass, unetiious to 
the touch, and having a foliated fracture. It begins to volatilise at 100°, but does not 
boil till heated to about 280°, at winch tcnipcratiire it suffers partial decomposition. 
W'liuu boiled with strong pntash-ley, it gives off iinimonin. Its solution forms 'with 
oxide of lead, a strongly alkaline compound wliieli coutnins 67 23 per cent. PbO and fi’47 
water, dries up to a gummy mass, and is partly decomposed by water. Tho solution 
of tins lead-eonipoimd attacks the paper throiigli which it is filtered, rendering it 
viscous and gelatinous. 

PYROTARTROKrZTBAnriI., or mtrophenyl-pyrotartrmido = 

OIl\Nd-)|^‘ — ^Precipitated by water from a solution of pyrotar- 

trami in very strong nitric ncid, ns an oil wliioh gradually solidifies, and crystaliises 
fiom boiling alcohol in spherical groups of crystals. It melts at 166° and if ciiiiUously 
heated solidjdos witliuiit docompositiou It is nearly insohiblo in vmter, hut dissolves 
easily in aloohol and in ether Boiling aqueous ammonia converts it into pyrotartro- 
mtranilic acid h'lxnl iilhalu determine tho same transformation, part of the 
pyi'otartranilie acid hoiiig however resolved by tho further action of the alkali into 
pyrotartario acid and ^-mtraniliiie (.see Phkuyijuuines, p. 446). 


PYROTARTROnriTRAirililC ACID, or Nitropkcnyl-pyrotartrando acid, 
H,C»HXNO'‘)l„ 

= (C»1I''0°)" (Arppe, ho. cit)— -'When pyrotiirLronitranil is 


introduced into a sliglitly diluted and boiling solution of sodic carbonate, a yelloiv 
liquid is obtained, which, on cooling, deposits yellow crystals of /S-mtramhne, whilst 
pyrotarti'omtranHate of sodium remains in solution, and on adding nitric acid to tho 
tutored liquid, pyrotartramlic acid separates m yellowish flakos, wliieli may he pm’iBcd 
by recrystallisation 

Pyi’otartromtr.inilic acid is very slightly soluble in water, but dissolves easily in 
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alcohol ahd etiier, and la dapoaited from a aaturated solution in microscopic rhombic 
crystals of 120°. It melts at a little aboye 160°. It is a very feeble acid, being 
scarcely able te decompose carbonates. 

The pyrotartioMtranilateB are unstable salts diffleult to orystaUise. The 
0'>H‘>AgN®0‘, is precipitated in white flocks 

PTROTBCHWS'. See Eichacdson and 'Watts’s Chmical Technology, i. [4], 661 — 
611 ; also tfre’s Dictionary of Arts, &e., ui. 

PVBOTERBBIO ACIB. C"H'“0’ = ® 1 0. FyroterehUa aoid. Drone- 

terebinsaiire — This acid, belonging to the acrylic senes, and metamerio 

with etbyl-crotomc acid (p 273), was discovered by Eabourdin (J. Pbarm, [3] vi. 
196), and has been further examined by Chantard (i6id. xxviii. 192). Itis produced 
by the dry distrUation of terebie acid and pmufied by repeated rectification : 

C’H">0< = CO" + C«H">0-. 

It is a liquid boiling at 210°, and smoUing of butyric acid. It dissolves in 26 pts. of 
water, and is easily soluble in alcohol and ether. When gradually dropped into 
melting hydrate of potassium, it is resolved, with evolution of hydrogen, into acstio 
and butyric acids . 

0«H'«0’ + 2H*0 =. 0®0* + C''H*0’ + H*. 

, Fyiotmbato of silver, C'E^AgO’, crystallises with difficulty, and blackens on 
exposure to light, especially when moist 

PYRO-TTRIC ACID. Syn With OiAiruBio Aoro. 

FVROXAIHC. Syn. with XvioiorN. 

PTROXAn'THinr. Eblanin. A yellow ctysliiUme substance produced by 
tbs action of potash on one of the substances contained in heavy oil of wood-tar 
(■Tolokel), It is contained in crude wood-spirit, as first ohaorved by Soanlan, and 
may be separated therefiom, accordmg to Gregory (Ann. Ch Pbarm xxi, 143), by 
distilling the liquid, collecting about 16 per cent., saturating the distillate with slaked 
liiue, and redistilling The residue, containing the cioess of lime employed, ncotato of 
calcium, a brownish resin, and pyroxauthm, is treated with diluta hydroolilorio acid, 
and the insoluble portion is digested in boiling alcohol, which dissolves the resinous 
matter first , the pyroxanthin is found in the last alcoholic doeootions 

Pyroxnuthin crystallises in long yellow needles, inodorous, insoluble in water, 
soluble with aid of heat in alcohol, other, and aeetio aeid, nearly insoluble in ammonia 
and in hoihng potash It melts at 144° When heated m a tube closed at one end, 
it does not volatilise without decomposition , hut if heated in a current of air, it sublimes 
at 134°. Gregory found in it 74’8 percent, carbon and 6 6 hydrogen, numbers agreeing 
nearly with the formula C‘H‘'0*, which requires 76 earhon, 6 hydi'ogen, and 20 
oxyygen 

Pyroxanthin dissolves with deep red colour in strong sulphurie and in fuming 
hydroehlorio acid ; water precipitates it from the solution in a partly altered state. 
Btrong nitric acid_ attacks it violently, converting it into oxahe aeid and a nitro- 
compound Chlorine, with aid of heat, converts it into a brown resinous substance, 
with disengagement of hydrochlorie amd. 

PTROXAN'TKOCSSSZV’. The constituent of wood-tar, from whioh pyroxanthin 
is supposed to be formed. 

PYROXDlTB. A name sometimes used as synonymous with augite to denote the 
mineral species (i 275), but more commonly restricted to certain varieties having a 
green, or greyish-green colour. (Dana, n. 168.) 

PVROXBN'ITE. A root consisting of felspar and lamellar pyroxene. 

PYROX’S'DIKT. Gun-cotton, Coton fitlmmant , Coton-poudre , Poudre-coton , 
Eulmi-ooton. BclvmshaummolU ; explodirendo Baumwolle — ^These names are applied 
to certain explosive substances produced by the action of fuming nitric acid, or of a 
mixture of nitno and sulphune acids, on cotton wool. Schonhein, in 1846, 
announced the discovery of an explosive cotton-wool applicable as a substitute for 
gunpowder, but his mode of preparation was at first kept secret , and soon afterwards 
the method of producing the explosive compound by treating cotton-wool with strong 
nitric aeid was discovered mdependentiy by Bottger and Otto, and pubhshed 
by the latter (Augsburg, Allg Zeitung, Oct" 5, 1846, J pr. Chem.eu. 198). Knop 
(Compt rend xxij. 808) soon afterwards introduced the more advantageous method 
of treating the cotton-wool with a mixture of strong nitric and sulphune acids Tlie 
chemical composition and properties of pyroxylin have been made the subjeot of 
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numerous researoliea by Bottgor, Polouze, Payen, Peligot, van Korekhoff, 
Sobroro, Beobampi iuid others on the continont, and in this country by Pprrett, 
Kansom, Crum, Gladstone, and Hadow. (For a complete list of memoirs relating 
to it, down to 1862, sec Gmoliii’s Handbook, nv. 168.) From its first discovery, also, 
numerous experiments were made on its applicability to military and mining operations 
ae a substitute for gunpowder, over which it possesses the great advantnge of burning 
without smoke, and leaving no residue to foul the gun , and its preparation was soon 
commenced on a large so de , but the oeciUTonce of several severe and imexplainod 
accidents during the manufacture, attended with great loss of life, caused it to be 
regarded as too dangerous and unmanago.ibl6 for mibtary purposes, and accordingly 
Its manufiieture was for a while nearly given up. Within tlio last few years, however, 
the attempts to make uao of gun-cotton as a substitute for gunpowder have been 
renewed, and brought to a successful issue chiefly by the investigations of General 
von Lenk, an Austrian officer of artillery, who lias discovered the cause of previous 
failures, gradually perfected the process of manufacture, and instituted, under the 
auspices of the Austrian government, an elaborate series of experiments on the 
best raethuds of applying it to gunnery. 

Cotton treated with a mixture of nitric and siilpluirio aoide, yields a number of pro- 
ducts wliicli may bo regarded ns cellulose, CIP'O*, in which the hydrogen is more or 
less replaced by nitric peroxide, NO“, tho dogi'co of iiitmtion varying accordini; to the 
mode of preparation. Tho different compounds have different degrees of stability and 
are variously affected by solvents. According to Hadow (Chem. Soc. Qu. J. vii. 
201), the thren prmcipnL products are 

а. or 0‘’H’(N0=)*0', insoluble in a mixture of ether and alcohol ; 
but soluble in etliylio acetate It is produced by repeated immersion of cotton- 
wool in a mixture of 2 at. nitric acid, HNO", 2 at. oil of vitriol, H®SO<, and 3 at. 

/3. b‘®H®®(N0’)®0'*, soluble in ethor-nlcohol, insoluble in glacial acetic acid. Pro- 
duced whou tho acid mixture eontaina ^ at. more water than in «. 

y (Gladstone’s ootton-xi/loidin), solublo in ether and in gkcinl 

acetic acid. Produced when tlie acid mixture coiitaina 1 at. more water than in a, 

Thu term " pyro.xylm” is sometimes applied oapocially to the more highly nitrated 
compounds ; but it is much hotter to use this term as ageneric name for all tho substi- 
tution-compounds formed by the action of intpio acid on cellulose, and to dcsignatn as 
" gun-ootlon " tho most highly nitailod compound, trinitrocelluloso, C‘H’(ilO’)’0’, 
winch is tho only one adapted for uso in gniinory. 

Tho lower eompomids, which arc soluble in alcohol and other, are used for tho pre- 
pai'ation of collodion (i. 1083). 

Q-vn-ootton. C'’H’(N0’)’'0“. 

When cotton-wool is immersed in a mixture of strong nitric and sulphuric acids, 
substitution takes place immediately, and the product has only to be freed from ad- 
horuig aeid by washing witli water and then dried. But in order to insure the uniform 
production or the mo.st highly nitr.itcd compound, Lenk adopts several precautions, 
the most important of which are • 

1. Tho cleansing and perfect desiccation of tho cotton previously to its immersion in 
the mixed acids. 

2. The employment of the strongest acids procnrahlo in commerce. 

3. Tlio .steeping of tho cotton in a fresh strong mixture of acids after tho first im- 
mersion uud partial conversion into gun-cotton 

d. The ('ouliimauco of tho steeping for fortj'-eight hours. 

б. The tliui'ough purifleation of tho gun-eotton thus produced from every trace of 
free acid, by washing tho product in a stream of water for several weeks ; subsequently 
a weak solution of potash may be used, but this is not essential. 

The prolonged application of these iirocesbes is absolutoly necessary to ensure tho 
thorough nitration of tho eottoii and tho eubsoquont purifleation of the product; for 
each cotloii-flbro is a long nuirow tube, often twisted and oven doubled up, and the 
acid has first to penetrate to the inmost depths of these tubes and afterwards to bo 
soaked out of them . hence the neces.sity of time 

Somotimea, to render tlie gun-cotton lese explosive, and to roniovo the last Ungoring 
traces of free acid, it is impregiiiited with a solution of silicate of sodium (aolnblo 
gloss), which is forsod into it by means of a centrifugal miichiiio, having a central tube 
for supplying tht^eolntion It is then dried by exposure to the air, whereby carbonnto 
of sodium IB formed, and silica separated, and the carbonnto of sodium is afterwards 
washed out with water, ulnlc the silica reinimis attached to the fibres. 

SomotimoB, again, to render tho fibres soft and diiiunish tho dangorofexjilosioii from 
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violent fcictiou, the gun-cotton, after being treated with soluble glass, is inuneraed in a 
soap-ley, the excess of wlileb is then squeezed out, and the gun-cotton finally dried. 

For details of the dustaan process, and of eiperinieuts on the proparatiou of gun- 
cotton at the Hoyal &nnpowder Works at Waltham .Abbey, see tho artielo “ Suu- 
cottnn”byDr Gladstone in Eicliardson and Watts's cWical Tcchwlogy,i [t] 
487 — 600, Gun-cotton is now prepared on a large scale by a process essentially the 
same as that of Lenk, at the manufactory of Messrs Prentice at Stowmarket, 

Gun-cotton prepared by the process just described retains the external properties of 
cotton-wool, hut is somewhat harsher to tho touch, unless it has been soaped It has 
neither taste nor smell, and is neutral to moistened litmus-paper. By friction it 
hccurues more strongly electric than cat’s skin , it crackles, yields sparks, and is phos- 
phoresoent in the dark (Gaiffe, Compt rend. xxiv. 88). Its fibres seen under the 
microscope by polarised light, ei^ibit very little brightness, and scarcely any play of 
colours, whereas the fibres of ordinary cotton-wool appear bright and show a fine play 
of colours even in the dimmest hght. (Kindt, Pogg Ann. Ixx. 168.) 

The following analyses of Lenft gim-eotton, tho first made m the laboratory of the 
Imperial Engineers’ Committee, tho second m the University laboratory at Vienna, 
show that it consists of trinitroceUnlose, G*H'(N0''‘)“0“. 

Analyses, 

OalculaHon f ^ ^ , 

0« . . . 72 24-3 251 24-4 24 4 23 9 

. . . 7 2-3 3 0 2’7 2'6 2 4 

N* . . 42 141 

0« . . . 176 69-3 

"297 100-0 

Gun-cotton is insoluble in water, and perfectly unafifeetcd by long soaking in that 
liquid It usually absorbs about 2 per cent, of hygroscopic moisture, any excess that 
it may absorb under peculiar atmospheric conditions being speedily gi ven off when tho 
air returns to its ordinary state of dryness It is insoluble also in alcohol, other, 
and glacial acetic acid 

Gun-ootton is not affected by dilute noids or alkalis; but niMo aoii of speoifio 
gravity 1-46 attacks it, prodiioing a lower substitution-product which weighs only ^tlis 
of the original tiinilrocellnlose Strong milphurw acid dissolves it with some diffioulty, 
and the solution does not turn black even wlicn boated to a high temperature, though 
It then gives off carbonic anbjdride and mtno oxide. 

Strong potash-ley dissolves gun-cotton rapidly, especially if heated to about 70°, 
with formation of ammonia, nitrous acid, oxaho aeid, and other acids. The alkiUuio 
solution reduces on ammoniacal solution of silver, and has in fact been used for 
silvering mirrors. 

A solution of poiassio sidphydrate, especially if mixed with alcohol, reproduces the 
original cotton, with formation of potassic nitrate and a little ammonia. — Ferrous 
sulphate exerts a similar reducing aotion, likewise reproducing the orimnol cotton 
(Bichamp). Gun-cotton placed in contact with sulphuric acid and metallic mercury, 
gives off all its nitrogen in the form of mtrio oxide. On account of these last three 
reactions, gun-cotton is regarded by Bichamp, Pelouze, Crum, and other chemists, as 
analogous in constitution to a nitric other, rather than to auoh compounds as nitro- 
benzene, nitrohenzoic acid, &c., inasmuch as the latter, when treated with reducing 
agents, are converted mlo other compounds containmg nitrogen, whereas gmi-cotton, 
like the nitric ethers and nitrates in general, is deprived by these reagents of the whole 
of its mtrogen, and in some cases reconverted into the original cotton-wool 

Gun-cotton is a remarkably stable substance, but nevertheless appears under certain 
circumstances to undergo a slow spontaneous decomposition It has been stored m 
Austiiafor twelve years in wooden boxes without exhibiting any sign of alteration , and 
some that was tolten to Italy in 1869, and thrown aside where it was exposed for a 
long time to a hot euu in block boxes, was afterwards found unaltered Some varieties 
of gun-cotton, however, when enclosed together with htmns-papor in a tube, exhibit an 
acid reaction even at ordinary temperatures. The more completely the free acid has 
been removed, the less does the gun-cotton appear to be liable to spontaneous decom- 
position either alow or sudden; and in this, according to some authorities, consists the 
advantage of woahing the gun-cotton with an alkaline solution or nnpiegnating it with 
soluble glass. (See Gmeliu’s KandJbooh, xv 176 , Chemuicd Technology, i. [4] 500 , also 
M elsens, Bull. Soc. Ohim 1866, i. 36.) ^ 

Gun-cotton prepared by Lenk’s process is not hable to explosion by percussion , it 
, may detonate between iron and iron if a heavy blow he struck, hut only that part 
explodes which was bit, without communicating ignition to the surrounding particles. 
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If a lioavy Uow ta stniclc on gim-cotton with an iron hiimmor upon hronzo or nny 
other coraparativoly soft metal, or upon stone, no detonation takes place. Otto found, 
on tlio other hand, that pyroxylin prepared with nitric acid alone, explodes like fulmi- 
nating morcury when struck with a hammer. 

The temperature at which gun-cotton explodes has been very accurately determined 
by Baron Von Ebner, who fixes the lowest temperature at I36°,C. (277° Ihihrenheit); 
but the heat required is usually stated to be gre.itor than this According to Mclseiis 
gun-cotton which has been washed with soda and retains a small quantity of the alkali, 
does not explode till heated to 180°, and similar observations have been made by 
Payen, Pelouze, Piobert, Van Korekliofif and others 

On explosion, gun-cotton is almost entirely lesolved into gases, leaving only about 1 
per cent of natural mineral eonstitueiits, tlie small amount of silica, if it lias been sili- 
cated, and possibly a trace of carbon 

Lieutenant von Karolyi (Phil Mag. [4] xxvi. 272) has fully inve.stigated the 
products of the combustion of guu-cottoii and guiipowdov. mulor eircumstaiices analo- 
gous to those which occur in practice In his first experiments, lie exploded the 
gun-cotton in a Torricellian vaeuum, made m a eudiometer about a metro in length, 
across which was drawn a very tliin platinum wire, that could ho ignited by a gal- 
vanic battery. The gases wore analysed in the usual manner, with the following 


Carbonic oxide 
Carbonic anhydride 
Marsh gas 
Nitric oxide 
Nitrogen , 

Aqueous vapour 


By volume. 
28-58 
19-11 
11-17 
8-83 
8-5(1 
1-86 
21-93 


By weight. 
28-92 
30-43 

0- 47 
9-69 
8-71 

1- oq 

14-28 


100-00 100-00 


It was found that, on exploding a somewhat Iiu-ger quantity of gun-cotton under tho 
same oircumstancos, when therefore tho conibustioii lakes pliico under oompavatively 
groatur pressure, the proportional quantities of tlic inoduets cliango, and tli<‘ qimiil.ity 
of nitric oxide diuiuiishcs. Ileneo tho deoxidation of tho iiitrogen-cumpimnds during 
the coinlmstion takes place more completely, tlie greater the woii. wliu-li th(> guii-eottmi 
has to perform wliile exploding. _ This cireumstancii suggested to Karolyi tlie idea of 
exposing the gim-cotton during its combustion to a rehistanco so rigulatcd that il just 
gives way at tho moment when tho gun-cotton is completely burnt Ho thoreforu 
placed a vessel filled with gnn-eotton, wliieh oft'orod the necessary resistance, in a sixty- 
pound mortar, whioh was then exhausted, and tho gun-cotton was exploded by a thin 
platliium-wiro heated to redness by tho electric Current. An analysis of tho gases pro- 
duced under those eirouinstaucos gave tho following numbers : 


Carbonic oxide 
Carbonic anhydride 
Marsh gas 
Hydrogen 
Nitrogen . 

Carbon . 

Aqueous vapour 


1 vnlumo. By weight 

28-00 29-97 

20-82 33-80 

7-2 1 4-28 

3-10 (1-24 

12-07 13-10 

1 82 1-02 

26-34 10-87 


100-09 109-00 

It will bo observed that in this latter case, which is analogous to what takes placo 
in practice, no nitric oxide is formed, hut a certain amount of hydrogen, and a larger 
proportion of nitrogen and aqueous vapour. Wlien exploded ui this manner, 10 
grammes of gun-cotton was found to yield 67-40' eiibic cmitmietres of gas, at 0. and 
1 metre pressure. These gases are combustiblo, on account of the largo quantity of 
carbonic oxide they contain. 

For the results obtained by Karolyi from gimpowder burnt in a similar manner, sea 
ii, 968, 959. 

Abel (Proc. Eoy. Soc. xiii. 204) has made a scries of iiigonioiis exporimonts on the 
combustion of gpn-eotton. He finds that when qiiiintities of gun-cotton, ijarymg from 
one to two grains, in the form of a loose twist laid double, are ignited by means of a 
platinum wire in highly rarefied atmosplieros, the\ burn vory sluwly, proseiitiug liy 
daylight an appeaiancB us if they Binouldcml. The prc'-suru in tho case ileserib* d 
must not exceed 8 inches of morcury , but the r.ircfactioii neeswury for the result 
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varies with the quantity of gun-cotton, its mechanical condition, its position with refer- 
ence to the eouret of heat, the quantity of heat applied, and the duration of its application. 

Gun-cotton, when ignited in small quantities in rarefied atmospheres, may exhibit, 
during its combustion, three distract luminous phenomena. In the moat highly rare- 
fied atmospheres, the only indication of combustion is a beautiful green glow, or phos- 
phorescence, which suirnunds tho extremity of the gun-cotton as it is .slowly trans- 
formed into gases or vapours When the pressure of the atmosphere is increased to 
one inch (with the proportion of gun cotton indicated), a faint yellow flame appears at 
a short distance from the point of decomposition ; and as the pressure is increased, 
this pale yellow flame increases in size, and eventually appears quite to ohhtonite the 
greon light. Lastly, when the pressure of the atmosphere and consequent proportion 
of tho oxygon m the confined space is eonsiclerahle, tho cotton burns with the ordinary 
bright yeliovr flame. There can he no doubt that this final reeiilt is due to the almost 
iiistiintaiioous secondary combustion, in tho air supplied, of the inflammable gases 
evolved by the explosion of the gnn-oottou. The pa.le yellow flame will take place in 
rarefied nitrogen. 

In a seriaa of experiments made under gradually diminished pressures, oxygen hrang 
used instead of an-, it was found that the giin-eottou exploded instantaneously, with a 
bright flaBh, until the pressure was reduced to 1 2 uioh , from this pressure to that of 
0 8 luoh it sfedl burned with a flash, but not instantaneously , and at pressures below 
0 8 inch it no longer burned with a hnght flash, but exhibited the comparatively alow 
combustion, accompanied by the pale yellow flame. In atmospheres of carbonio 
anhydride, carbonic oxide, hydrogen, and coal-gas, this pale yellow flume is seen us m 
nitrogen ; hut the two latter gases have a great tendency to extinguish the combustion, 
doubQess on aocoimt of their high cooling powers by convection. 

The slow kind of combustion of gun-cotton, in the form of twist, may he obtained 
also m a powerful cuiTent of atmosplievio air, if the thread of cotton be placed ni a 
eomewhiit narrow glass tube Indeed, it was found that if, eVon tor the briefest space 
of tun 6, the gases resulting from the first action of heat on gun-cotton upon its ignition 
in open uir are impeded from completely enveloping the burning extremity of tho gun- 
cotton twist, their ignition is prevented, and the gun-cotton continues to bum in 
the slow and imperfect manner, undergoing a transformation similar m charucter to 
destraotiTO distulation. By proper lUTimgemeuts, these gases may hs burnt at the 
mouth of a tube while the gira-cottoii is huruiug in the interior There is little doubt 
that these products of doeouipo.sition vaiy as greatly as tho phenomena themselves • 
thus, in the instonees of the most iinperfeet metamorphosis of giin-eottou, the products 
included a considerable proportion of a W'liite vapour, slowly dissolved by water, as 
also small quantibos of nitrous acid, and a very large proportion of nitric oxide, 
cyanogen, too, is always found This contrasts greatly with the simpler products of 
decomposition found by Karolyi when the gun-cotton was exploded under the pressure 
of n confined space 

Abel Considers that the remarkable facility with which the oomhiistion of min- 
cottoii m air or other gases may be modified, might he taken advantage of to produce 
a variety of mechanical effects , and ha states, that by endosina in siutable cases solid 
cords made up of two or more strands of guii-eotton, more ordess compactly tivisted, 
he has succeeded m producing fuses and slow-matches, the time of burning of which 
may ha accurately regulated 

Vractioal Ajpplicatum io Gunnery — Giin-colton is used for artillery in the form of 
thread or spun-yiim. In this simple form it will conduct combustion slowly in the 
open air at the rate of not more than 1 foot par second This thread is woven into a 
texture or circular web. The.se webs are made of various diameters, and from tliom 
common rifle cartridges are made, merely by cutting them into the proper lengths, 
and enclosing them m stifi" cylinders of pasteboard, which form the cai'tridgo. In this 
shape its combustion in the open air takes phiee at a .speed of 10 feet per second 

The gun-cotton yam is used directly lo form eartnclges for large guns, by being 
wound round a bobbin, so as to form a spindle like that used in spiniimg mills The 
bobbin is a hollow tube of paper or wood. The object of the wooden rod is to 
BCcnrc in all eases the necessary length of chamber required for the mo.st effective 
explosion. (For figures see Chemiccd Technology, i [4] 606 ) 

PraeticHlly, gun-eottou is most effective in guns when used as \ to ^weight of powder, 
and occupying a space of vjths of the length of the powder-cartridge, and of such density 
that 11 lbs. occupy a cubic foot 

Leak’s gun-cotton, when used as a substitute for powder, is found tp possess the fol- 
lowing advantages; 1, Greater safety during the manufacture —2. The possibility of 
keeping it under water at any time, or of immersing it on any sudden emergency, 
without dama^g it — 3 • Its being uninjured by damp — 4. Easier and safer convey- 
ance, inasmuch as one ton of gun-cotton does the work of at least three tons of 
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gunpowder ; and tlicro is no fear of tho dangerous “getting to dust,” and spilling. — 
6. The force of its explosion cun lin regulated so as to produce various results 
desired. According to its mechanical condition, it may be made to have any speed of 
explosion, from 1 foot per second to 1 foot in of n second, or to instantaneity. 
The iustantaiieons explosion of a large quantity of gnn-cotton is made use of when it 
IS required to produce destructive effects on the surrounding material, the slow 
combustion, when it is required to produce manageable pdwer, as in tho case of 
gunnery. — 6. It leaves no residue m the gun on explosion, — 7. It produces no smoke. — 
8 The gases proiluced on oxqlosion are less injurious to the gun, and to tlin men serving 
it — 0 It does not heat the gun so much. — 10 It produces smaller recoil, only two- 
thirds of tlmt fioni gunjiowder, tlie projectile effect being equal. This depends probably 
to a certain extent on the solid residue of exploded gunpowder having to bo projecti d 
lu addition to tlie sliot, and, as is generally tliouglit, at much higher speed. Tho 
remainder, General Von I.eiik attributes to a different law of eombiistion. On account 
of tho smallness of recoil, a liglitcr and shorter gun may be oiiiploycd 

Ou tl'" " soiiio dibiidvautiiges as eonijiiirod with gunpowder. 

1 It to siJontaneous decomposition under certain un- 
known at a lower temperature. — 3. For u.so in guns, it 

requires greater earn and precision in the raamifaeturo of tho cartridge, lest its great 
power should bo exerted m rending the piece, rather than propelling the bull. 

Applioation to other Milttar// l‘urposea — Ilowovor suitablo gun-oottoii may seem to 
be as a source of projectile power, it is still better adapted to other purposes for which 
an ex[)losiio is required. Indeed, its capability of instantaneous explosion enables it 
to perform easily some descriptions of work, which gunpowder could scarcely, if at all, 
aooomplish. 

Tho condition noeo.ssary to produce instnntanoous and complete explosion, is the 
absolute perfection of closeness of the chamber conlamiiig the gun-cotton. Tho reason 
of this IS, tliat the first ignited gases must penetrate tho wliolo mass of the cotton ; and 
this theji do, and create cumpleto ignition throughout, only under pressure. 

For ium», giiu-cbtton is woven into .v web, stnepisl m saltpetre, mid covered with an 
Iiidiiin-niblier jacket, 'J'ho eombustioii of tins takes place at about 30 foot per second, 
and prodiu'cs a sliarp noise, heating but not tearing tho jacket iSueli a fuse will five 
aUlumgli a eonsiderablo weight bn placed upon it, and it may bo doubled up without 
fe.ir of tin- live oinnninniciiting from fold to fold If ordinaiy giin-oottou thread bo 
fired, iginl ion tiilces place at tile rati* of only about oiio foot nor second. 

tihelU with lioles aru easily filled withgiui-cotfim web, andpirojcctiles that open may 
be eliai'ged willi compressed gun-oolton. In this way a much larger amount of force 
may be stored up in the sliell tliunwitli gunpowder; consequently it bursts into double 
tho niimher of pieces , and it is said that the stronger the shell, tho smaller are the 
fragments into which it is broken. “It is a well-known fact, that a bag of gunpowder 
nailed on llio gates of a city will blow them open. In this ense gun-cotton would fail ; 
a bag of gun-eutton exploded in the «iimo way is powerless To blow up tho gates of 
a city, a very few pounds of gun-cotton earned in the liiuid of a single man will bo 
bufflcioiit, only ho must know its nature ; — in ft bag, it is harmless; exploded in a 
box it will shatter tho gates to .itoins.” A sm.ill box containing gun-cotton, merely 
flung down close to palisotlos, and exjiloded by o galvanic battery or a fuse, will open 
a passage for troops 

The same force lias been applied to tbo destruction of bridges. “A strong bridge 
of oak, 12 inelics soiiiithiig, 24 feet span, was shattered to atoms by a small box of 
25 lbs, laid on its centre ; tlio bridge wiis not bvokim, it was shivered.” 

For military mining tho gun-eotlon chiugo is placed in littlo barrels with strong 
ho^is. 

effect of gun-ootl on, when exploded under water, is very remnrlc.ildo. The 
action IS so instantaneous that tlio water 1ms no time to yield, and thus it is unneces- 
sary to place tho chni'go in contact with the body to be destroyed, as is said to bo the 
case when gunpowder is used “Two tiers of piles, 10 inches thick, iii water 13 feet 
deep, with stones between them, were blown up by a barrel of 100 lbs. of guii-eottoii 
placed 3 feet from the face and 8 feet under water It made a clean sweep through a 
radius of 15 feet, and raised tho water 200 feet The iron aiiclior used to keep the 
box m position was found broken across. At the close of tho Italian campaign, some 
experiments on ships were made at Vemeo, in the prosence of the Emperor of Austria. 
In one of these, a barrel of 400 lbs weight was placed near a sloop in 10 feet of water, 
the nearest part -sf the hull of the vessel bemg about 18 feet distant ; yet the sloop 
was broken to pieces, and those wero hurled into tho air to the height of 400 feet. 
This kind of explosion is attended with terrific noise It was oh, served that theflshe.s, 
for perhaps half a mile round, were stunned, and floated on the surface. They recoi erud 
after awhile, hut not till inauy had been picked up by hand.” 



'82 


PYROXYLIN. 


Gun-eottontKread IS spun into ropes in the usual way, 
up to two inchea diauietor, hollow m the eeutre This is the foim used for blasting 
and mining purposes; it combines great densitywith speedy explosion, and in this form 
the gun-cotton is conveniently coiled ill casks and stowed in boxes. The fact that the 
action of gun-aotton.iB violent and rapid in, exact proportion to the resistance it en- 
counters, tolls us the secret of its far hjghor efiScaey in mining than gunpowder. The 
stronger the rocl^ the leSS gun-cotton, eomparatiTelywith gunpowder, is necessary for the 
effect , so much so, that while gun-cotton is stronger than powder as 3 to 1 in artillery 
it is stronger m the proportion of 6 274 to 1 in a strong and sohd rock, weight for 
weight. Its power of splitting np the material can he regulated at will. As it is not 
liable to bo spilt about by the minerB like powder, there is less danger of accidental 
explosion. The absence of smoke in its explosion, also, conduces to tho comfort of 
the workmen. 

Ft/roxtjUnfor tiui preparation of Collodion. 

It has already been stated that the highest nitro-snbstitntion product of cotton, 
namely trmitrocellulose, C"H’(N0”)''0“, does not di.9solve in a mixture of ether and 
alcohol, but that the lower compounds are capable of doing so. It is these compounds, 
ijherefore, that are alone available for makmg that solution of gun-cotton, which is 
knotvn by tho name of collodion. They are produced when weaker acids are employed, 
or when the precautions mentioned abovo.m the preparation of Lenlds gun-cotton are 
not observed (p. 779), 

These lower nitro-euhstitution products of ceUulose do not resemble the original 
cotton in appeoranoe so closely as the highest compound does ; for they show more 
Signs of the action of the acid on the fibre. Indeed, there id at least one compound 
which IS soluble in nitric acid, whether fuming or of as low a specific gravity as 1’26, 
and may be precipitated as a granular powder on the addition of water. 

They explode at a lower temperature than trmitrocellulose, but this temperature 
depends both upon tho nature of the compound and the manner in which the heat is 
applied, A long-oontinucd heat wiU explode a mass of such pyroxyhn which at first 
was not sot on fire ; and there can be little doubt that imdor such circumstances it may 
be exploded at a temperature very little exceeding that of boiling water ; indeed, much 
lower temperatures have been mentioned by some observers 
These lower compounds, when expilodaii, leave a certain amount of oarhonaooous 
residue. 

All these substitution-products dissolve in strong snlphuno acid, but a solution of 
cotton-xjloi'din, m that acid, is charred at as low a temperature ns 

180° Bahrenheit. 

These lower compounds aro liable to spontaneous decomposition, which takes place 
very slowly at first, but when it has reached a certain point, perhaps after the lapse 
of several years, the action becomes much more rapid. The spontaneous explosions 
which have sometimes taken place with ill-prepared gun-cotton, may with great 
probability be attributed to the presence of these lower compounds It does not 
appear to be proved that any pyroxylin ever essplodet without extraneous heat. Light 
certainly favours this decomposition, but is not indispensable, for it is on record, that 
pyroxylin stowed away in casks has evolved a choking smell after some months. The 
psual progress of decomposition is of this character • — the pyroxylin begins to emit a 
peculiar odour, rather agreeable than otherwise ; the gas increases, perhaps driving 
out the stopper, if the pyroxylin he contained in a stoppered bottle ; tho cotton becomes 
damp, and shriiiks together ; and, ns decompoaition goes on, the fibre disappears, and 
there remains a gummy mass, probably interspersed with crystals. The gases include 
nitric oxide, and apparently, m some cases, prussic acid. The crystals consist of 
oxalic acid, and the residue is a mixture of products consisting of water, mtnc acid, 
and several organic acids not always Soluble iu water. 

The pyroxyhn used, for the preparation of collodion is not a definite compound, hut a 
mixture of two or more varieties of mtroeelluloso It may be prepared by treating 
cotton-wool either with oil of vitnol and nitrate of potassium, or with a mixliue of strong 
nitric and sidphunc acids. In the former case, 60 grains of eottou-wool pulled out into 
separate balls of about the size of a walnut, is immersed in a mixture of 6 fluid ounces 
of oil of vitriol, 3^ oz (avoird.) of dried saltpetre, and 1 fluid ounce of water. The 
cotton must be well stored about in the hquid, kept at the temperature of 140° Bah. 
for about two mumtes, then suddenly thrown into cold water, and briskly moved about 
till thoroughly washed. "When nitrosulphnnc acid is used, larger quantities may be 
operated upon at once viz. 400 grams of cotton-wool, 6 fluid ounces 'of nitric acid of 
specific gravity 1-46, 18 flnid ounces of oil of vitriol of specific gravity 1 84, and 4J 
ounces of water In this, as m the former ease, very rapid washing is necessary, 
otherwise spontaneous decomposition will take place, attended with evolution of rod 
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fumea. Por datails of mauipiiktion bpo Ilardwich’a Manual of Vhotogra^ldo CJiemutry; 
also Technolo<j!/,i. [4] 513. I'lio properties and uses of collodion' hare boon already 
descl'ibad (i. 1084). 

PYRRHITE (from 7ru^/ios, yellow) is the name given by G. Eoso to a mineral 
occurring at Hui-smsk in the Ural, in Mnnll orange-yellow ootalicdrons ; also by 
Tascheimicher to a perfectly similar mineral from the Azores, which, according to 
Hayes, consists chiefly ofniobateof zirconium. (Dana, ii. 346.) 

PYRRHOIi. Syn. with Pxiinoi,. 

PYRRHOPms. This name was given by Pol ex (Eerz. Jaliresb. xii. 433) to 
nn alkaloid extracted by alcohol from the root of Ghehdnnumi mi^ptca, and distinguished 
by forming rod sparingly soluble salts with acids. It is doubtless identical with 
cholorythriuo (i 817) 

PYRRHORBTIW. A brown liiimus-likc substance found by Porehbainmcr in 
tbe fossil pinc-wnod of Denmark, and regarded by bun us a hiimate of boloretin 
(i. 619) It is soluble 111 aleoliol, insoluble in ether, and when its alcoholic solution 
is mixed with a quantity of ether, not siilliciont to produce a precipitate, mid nmiiioniii 
then added, humeto (ulmate) of nmmoniiiiii is said to be precipitated, wbdo boloretin 
remains in soliituiu. The bubstaiieo appears however to ho merely a mixture (Handw 
d, Ohem. VI. 739). 

PYRRROSZDERITE. Syn with G HITE. 

PYRRHOTIW. Milgiietio pyrites. (Soo Inotr, Solwiiues op, iii. 401.) 

PYRROZ.. CEI'N. (Itungn,Pogg. Ann. xxxi C7.~Andersoii, Ed, Phil. Trans. 
XX. [2] 247; xxi. [4] 571.— Reliwanort, Ann. Ch. Pharm, cxv. 270.) 

History —Bungs was tlio first fo observe tliat tlio pirodiicts of tlie de.structivn dis- 
tillation of coal contained a snbstaiieo wliieh caused fir-wood moistened witli liydro- 
ohlorio acid to assume a red eoloiir. It is not necessary to iiioisteii the wood witli tlio 
liquid to ho tried, it is suffleient to hold it over tlie liquid coutaiiiing the pyrrol. Enngu 
considered pyiTol to he a gas, but bo nevor prepared it in a pure hUito. 

Formation.— I . Pyrrol appears to bo pindueed in almost every instanoo where 
animal or vegetable nmllers eoiitaiiiiiig iiitwgen are siihjoctod fo doslructivo distil- 
lation (Or. Williams), — 2. It is also produeisl in eonsidi'rahlo qiiaiility by the 
dostructiMi distillatinii of nineate ofainmoiunin, oecurring ns a product of dceoinposiiion 

oftl ’■ ■d’''' ' 'formedin the ilrststageoftliedeeoiiiiKisitlou 

(p. . d, which is resolved tlicreliy into 

pyrrol and oarbomc nnhytlrido (p. 764). 

Preparation. 1. From hone-oil — ^The oil is shaken up with dilute hydrochloric nr 
sulphuric acids, and tlio acid solution is distilled A portion of the pyrrol is thorehy 
destroyed, but the greater portion distils over in an impure state. By repented 
fractional distillation it may be obtained with a boiling point botuocn 132“ and 143“. 
It is then to ho several times sluken tip with dilute acids, to remove pieulmo and otliur 
basic impurities. After drying by means of sticks of potassium, it is again friie- 
tionally distilled until it bods almost entirely between 134“ and 13S“. In tins 
state it gives tolerably correct numbers on analysis, but it is still contaminated with 
some impurities whicli give it an ofTensive 6doiir. It must therefore Jie cohobated 
over solid liydrato of potassium until little or no liquid is seen to rise in tho colinhiit- 
ing tube, oven although tho liottom of tho flask is he.kfed iilmost to rediies'.. Tim 
cohobating tuho is then replaced by a bent tube, and all volatile matters are 
distilled away ; tho residua in thollask is poured out on to a metal plate mid iillewed 
to cool; and (lie compound of pyrrol with iiolnsli is decomposed with water, when tho 
pure pyrrol will rise to tho surface in tho form of a f'ragiMiit colourless oil, wliieh 
niiiy ho dried by digestion with sticks of potash On rectilieation tho puro pyrrol will 
come over steadily at 133“. (Anderson.) 

2 From miieato of ainmoniiiiii — Whoii this salt in tho state of dry powder is 
distilled, crystals of carbonate of ammonium aro obtiiuicd, together with mi aqueous 
solution of carbopyrrol.nnido and a brown oil chiefly eoiiMstmg of pymil floating 
thereon, and by wnsluiig this oil with water, dehydr.itiiig it with snlnl potiisli and 
rectifying it after standing over chloride of ealeinm, tho pyrrol is obtained puro. Tins 
is a mueli easier mode of preparation than tho former. Carbopyrrolic acid (p. 764) 
does not yield puro pyrrol quite so easily, heeause a portion of it suhlime.s nndocoiimosed. 
(Schwanert.) ” 

Prqpcrifies.— Colourless transparent liquid of dolightfiilly fragimit odour rcsemhling 
chloroform, hut softer and less pungqnt. Boils at 133°. Tastes hot and pungent. 
Sparingly soluble in water, but is readily soliiiilo in alcohol, ether, and oih Insoluble 
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m alkaline solutions ; dissolves, but not readily, in aoHs. Specific gravity of liquid 
1'077, of vapour 2 40. 

Deocmpositiena, — 1. Coloiirlesa pyrrol soon becomes brown by keeping, it may, 
however, always be re-obtained colourless by distillation 2 A piece of fir-wood 
moistened with hydrochloric acid rapidly acquires an intense carmine colour when 
exposed to even the minutest traces of pyrrol vapour. One drop of pyrrol will confer 
Upon the air of a large jar the power of giving this reaction 3. When agitated with 
dilute aotda in the cold, pyrrol dissolves unchanged, hut, on heating the solution, a red 
flocculent substance called pyrrol-red {tnfra), is formed in such quantity that the 
vessel may be inverted without the contents escaping. — 4 Solution of platinw ohlaride 
added to a cold hydrochloric solution of pyrrol causes the solution to become instantly 
dark coloured, andm a few minutes an ahundant black precipitate, containing platinum, 
hut of indefinite composition, is deposited.— 6. Solution of fcrrio olilm'icls causes the 
hydrochloric solution of pyrrol to become first green and then black — 6. l>ichromata 
of potassium also decomposes a similar solution with foimation of an abundant black 
pieoipitate. — 7 Pyrrol is rapi^y oxidised by nitrio acid, red fumes are given off, and, 
if the action is prolonged, oxaUc acid is formed. 

8. Alcoholic solution of pyrrol ^ves a while precipitate with mercuric chloride, and 
also with chloride of cadmium, hut it does not precipitate the metolhc oxides 
f ihy- 

The nmeury-salt, O’H'N' 2H^C1®. is a white crystalline powder insoluble in water, 
sparingly soluble in cold alcohol the solution is probably decomposed ott boiling.-r- 
Tlie oadmum-salt, 4C''H*1T 3Cd''Cl®, is a white crystalline powder insoluble in water, 
but readily soluble in hydrochloric acid. 

Pyrrol does not form any definite compounds with acids, although it is decidedly 
basic At a red heat it unites <with hydrate ofpotaemm, but the compound is decom- 
posed by more solution m water. ' 0. G-. W. 

PTSBOX.-RES. When pyrrol is warmed or boiled with excess of 

sulphuric or hydrochloric acid, this suhstaiioe separates in amorphous orange-red or . 
brown flocks, the colour of which is darker, m proportiou as the action of the acid has 
been longer eontmiied. It is nlso produced when earhopyrrolio acid or its harium-salt 
is heated to 60° or above with acids, the carbopyn'olic acid being thereby resolved into 
carbonic anhydride and pyrrol, a portion of which is then converted into pyrrol-red as 
above. 

Pynol-ied is insoluble in water and in ether, hut somewhat soluble in hot alooliol; 
insoluble lu acids and in alkahs. Anderson found it to contain 71 'OS per cent, carbon, 

6 88 hydrogen, 13 59 nitrogen and 7'66 oxygon, agreeing nearly with the above formula 
which reqiures 71'28 C, 6 93 H, 18’86 N, and 7 93 0 Sohwanert found m pyrrol-red 
ftom eaibopyirolio acid, proportions of carbon and nitrogen smaller than these. Ao- 
oordingto Anderson’s formula, the formation of pyrrol-red &om pyrrol maybe represented 
by the equation, 

8C^H‘N + H’O - 0'*H‘<N»0 + KH». 

pmovic ACXS. Syn. with PvEoaA.oBMio Aoni (p. 769). 
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Naoiite ... ... 

Naptyagite . , - 

Nancoio acid . . . . . - 

NapiUha 

1. Boghead or BatligatoNnplUlm . - 
3. Bona Naplitlia. — 8. Citootoliouo 
Naplitha. — 4. Coal Naplitlia. — 

6. Mineral oi Native Naphtha . 

8 Shale Naphtha .... 

Naphthudil 

Naphthulamide (s. Piithalainido). 

Naphthalaao 

Naphthnlono - 

Chlorhlea and Bromides of Naph- 
thalene ... 

Chloro- and Binmo-naphth.alones . 3 
Chloronaphthaho acid . . . 3 

Nitro-naphtlmlones . . . 3 

Sulpliurio derivatives of Naplitha- 
lene (s. Sulpho-naphthalio aaid) 
Products of oxidation of Naphtha- 
lene (s. Naplithalaae, Naphthosio 
acid, Naphthiilimn). 

Uses of Naiihtlialono ... 3 

Naplithalo-oyanic, and Naphtlialo-sul- 
pliocyanio acids (s. Cyanato and Sal- 
piiocyanate of Naplitfiyl, p. 19). 
Napluliamoino (s. Oxynaphthylaimno). 

Nnplithe.slc acid 

Naphliiioiiic acid 

Naphthulmin 

Naphthyl 

Naphtliylamine 

Salts of Naplithylanuno . 

Bromide ofEtliyl-naplithyl-ammo- 

lodide of Methyl-naphthyl-ammo- 

Sulphocyanato of Phenyl-naphthyl- 

ammonium 

Naphthyl-earbamidcs .... 
Nuphthyl-diamines : i* 

a. Azodiiiaplithyl diamine . 
p. Cy.mo-dmaplitliyl-dliiniine, or 
Menaplitliylamino 
Nnplitliyl-oxamidcs (a, Oxninide). 

Vu. lY 


Nnphthyl-phosphamides (a. Phospha- 
nude). 

HaDhthyl-3ulpho-earbnniidefl(e.Sulpho- 

cnrhaniido). 

Naplith^d-tiiaminoi : 


Naplitlij 


Napntiiyi-carba- 


Naples ToIIoiv .... 
Napoloonite (s. Ortlioclaso). 

Narceine 

Narcetino 

Niircltino 

Nareogonine 

Nnrcoteiiic (a. Narcetino). 

Narcotic acid ..... 

Narcotino 

Salts of Narcotine . . 

Naatiiinn (s. Ihtchblondo). 

Natl mm (s. Sodium). 

Natiocalcito 

Nnlioiite .... 

Natron 

Natron-spoiliiraone (s. Oligoclase). 

Nuiiiiiannite 

Nectar 

Needle -010 

Needle-apar 

Neodlo-stnne ... 

Nefolinc (a. Nopholin). 

Noraalito (a. Brncito). 

Neoctese (s. Scorodito). 

Ncohte . . . . . . 

Ncoplaso 

Neotokite 

Naotype 

Neplielin 

Nephrite 

Neroh, Oi ^ 

Nervous TIsbuo 

Neurolite 

Newjauskito (s. Tiidosniine, iii. 824). 

Ncwkiikito 

Niccno (s Chloronicoio acid, i. 921 1. 

Nickel : 

Nickel, Alloj's of . 

Nickel, Antlnionidc of . 


3 Ji 


1 gg 
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Nickel, Antimonio-sulphide of (s. Nic- 
kel-glance) 

Nickel, Arsenate of ... . 

Nickel, Arsenides of ... . 

Nickel, Arsenio-anlphide of (s. Nickel- 
glance, p. 4S) 

Nickel, Biomidc of . . . 

Nickel, Carbonate of . 

Nickel, Chlonde of 

Nickel, Detection and Estimation of ■ 

1. Blowpipe Keactions . 

2 Eeactione in Solution 
8. Quantitative Estimation . 

4, Sepal ation fiom other Metals 
6. Analyses of Nickel-ores . 

6. Atomic Weight of Nickel 
Nickel, Emerald .... 
Nickel, Fluoride of . . . 

Nickel, Iodide of . 

Nickel, Nitride of 
Nickel, Oxides of: 

Piotoxide .... 
Sesmiioxide or Peroxide 
Nickel, Oxychloride of 
Nrokol, Oxygen-salts of 
Nickel, Oxyiodide of (p. 40). 

Nickel, Phosphide of . 

Nickel, Seleiude of ... . 

Nickel, Silicate of (e. Piraelite and Sili- 
cates) 

Niokel-Imnaiite 
Nickel-pyrites 
Nickel-vitiiol 




Nicot 
Nicotine 

Salts of Nicotine . 
Methyl-nicotine . 
Ethji-mootine 
Aniyl-nicotine 

Nigellln 

Nigrio acid 

Niup'in 

Nihilura album .... 
Nmaplitase, Ninapbtese, Ninaphtise 
Ninaphthylamlne 

Niobite 

Niobium 

Niobium, Bromide of . . , 
Niobium,^ Chluridc of . . . 


Muoxyniobates and Fluomobatcs 
Niobium, Nitride of , 

Niobium, Oxides of . . . 

Protoxide .... 

Dioxide .... 

Pentoxide or Niobic oxido . 

Niobates of Potassium and So- 

Niobate of Iron and Monganesoi 
Cohembite .... 

Niobates of Yttiium- Fergum- 
nite, Tgnte, Siagite 

Urano-niobato of Yttrium and 
Iron. Samarsldte . 

NiObate of Caimurn, Cerium, 
&o. ■ Pyrochlore 
Niobium, Sulphides of 


Nipholite 


Nithralin fi 

Nitraerol - 

Nitramarina (s. Amarine). 

Nitramidm 

Nitramdes - 

Niti aniline (a Phenylamlnea). 

Nitraiiisic aeld.s (s Anisic acid, i 802). 
Nitranisida (s Anise, Oil of, i. 298). 
Nitranisidme (s Anisidme, i. 304). 
Nitranisol (s Anisol, i 305). 

Nitiates (p. 82). 

Nitiatln 

Nitrnzophenylamine(s Plienylaminos). 
Nitrazoplienyl-citraconamio acid, and 
■tracoiiaiiiide (s. Phenylammes). ' 

Nitric acid (s Nitrogen, Oxide of, 78). 
Nitilcuin (s. Nitrogen). 

Nitriles 

Nitriiidin (s Iiidin). 

Nitiites (p 70), 

Nitio azobenzene (s. Azobenzone, 1, 
478) 

Nitrobonzaniides (s, Benzaniido, 1. 641). 
Nitrobeiiznnilido {s Phenylntnines). 
NitiobenzamSidule (s. Anisidide, i. 804). 
Nitiobenzeiies ..... i 
Nitiobanzoeue (a. Benzyl, Ilydiide of, 

I 674). 

Nitiobeiizoic acids (s. Benzoic acid, i. 
4.5.5) 

Nitrobenzonltrilo (s. Benzonitrile, and 
Sulplintiii(lobenziimine), 

Nitiobenzoyl, Peroxide of (s. Per- 

Nitiobenzono, orNitrobenzophenone (s. 
Benzone, i. 6(12). 

Nitiobeiizoyl-beiizom fs. Benzoin, 1. 

6 ( 10 ). 

Nitiobiomo-phenic, or -carbolic acid 
(a Phenol, Derivatives of). 
Nitrobiityromo acid (s. BuLyronitrio 
acid, i. 808). 

Nitroculeite 

Nitrocnpiic acid ..... 
Nitrooarholio acid (s. Phenol, Deriva- 
tives of). 

Nitrocollulose (a. Cellulose, i. 819, and 
Pyi oxylm) 

Nitroohlorobenzene (s. Phenyl, Chloride 

ot). 

Nitroclilorobcnzoio acid 
Nitrocliloioniceicaoid and Nltrocliloro- 
mreiie (e Cliloronioeio acid). 

Nitiooholio acid 

Nitrochiysene (s. Chrysene, i. 958). 
Nitrocinnameno (s Gmnamene, i. 988) 
Nitrocmuamic acid (s. Cinnamic acid, i, 
988). 

Nitiocinnamide (s Cinnamide, i. 989). 
Nitrocinnanisidide (i 804, 989). 
Nitrococcuaio add .... 
Nitrocodeine (a. Codeine,!. 1088). 
Nitrocoumanii (s. Coumann, n. 94). 
Nitrocumeue or Nitrooumol (a. Cuinens, 
ii. 174). 

Nitrocresyho acid fs. Cresvlic Alcohol, 
a. 207). 

Nitrocumenylamine of Nitrociunidine 
(s Cumenylamme, 11 176). 
Nltiocuminio acid (s. Cumfnic acid, 1. 
178). 
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Nitr< 

Nitindrnoonosio acid (syn. with Nitm- 
nwc acid). 

Nitio-diclilorophonic aoid (s Phenol, 
Deiivativoa of). 

Nitrodracyliimide 

Nitrodracylio acid .... 

Nitrodracylio elliera .... 

Nitio-ervtlivomaimito (a. Erytbroman- 
nite, li. 605) 

Nitroeth.ilio acid (Di-) 

Sitroeuxaiithic add (s. Euxanthio 
acid, ii. GIO) 

Nitioforuoyanidcs (s. Cyanides of Iron, 
li. 250). 

Nitioform (s Nitromotlildos). 
Nitiofimigulio add (s I'ranguho acid, 
n 7157) 

Nitrogen 

Nitrogen, liorida of (s. Boron, Nitride 
of, i. 6S5), 

Nitrogen, liromido of . 

Nitiogon, Chloride of . 

Nitrogen, Ulilornpliospliide of (a Phos- 
phorus, Cliloronitrido of), 

Nitiogpii, Chlorosidphido of 
Nitrogen, Duteotioii and listiniation of 
Nitrogen, Iodide of (,s lodaiiiides, iii. 

Nitiogon: O-xidesand O-xygon acids 
Protoxide or Nitrous O.vido 
l)io.xldu 01 Nitric Oxide 
NitioiisAiiin di'idc, Acid, and S.ilts 
Nitrites, Mctallio 
Nitritea,AleolioliO!iV71raKS®/im 
Nitric Poioxido or Totioxidu of 

Nitrogen 

Nitno Aiiliydrido, Acid, and Salts 
Nitric acid 

Nitiatcs .... 
Koactions of Nitrates . 
QuiiiUitativo analysis of Ni 
tiutes. E.stiinatlon of Nitric 

acid 

Nitrates of Aluminium, Ammo- 
nnim, ami Barium 
Niliates of Bianiutli . 

Nilrato of Crasium (s. Caisium, 
I. 1116) 

Nitrate of Cadmium . 

Nitrate of Calcium . 

Nitrates of Cerium . 

Nitrates of Cliiomium 
Nitrates of Cohalt 
Nltiate.s of Copper, Didymimn, 
Erhium, and Uludimm . 
Nitiato of Gold 

" ' ’d-ammoniums 


nitrates 


(ill. m). 
Nitrates of I 


Nitrate of Laiitlianum 
Nitrates of Lead 
Eormonitiato and Phosphoni- 
trate of Lead 

Nitiatos of Lithium, Magnesium, 
and Manganese 
Nitiates of Aloreury : 
a. Mereurii* Nitrate 
Double salts of Mercii 
Niliate . 

fi. Mercurous Nitrate , 


Nitrogen : 

Double salts of Mercurous 
Nitrate . . . . fl 

Nitrates of Molybdenum . 

Niti ate of Nickel ...- 
Ammonio-nltiates of Nickel . £ 

Nitrates of Osmium, Palladium, 
and Platinum . . . - 

Nitrate of Pota»aium i 
Natural Pormation 
Purification of the native salt 6 
Preparation from Chile Salt- 

Properties 

Valuation . . , . 1( 

Niti atos of Ithodlnm and Eubldlum 1( 
Nitrate of Silver .... 
Nitrate of Sodium . . . 1( 

Nitrates of Strontium, Terbium, 
Thullmm, and Thormiim . 1( 
Nitiatcs of Tin, Uranium, Vnna- 
dmm, Yttrium, Zinc, and Zicco- 

Alcnholic Nitnlta ; Nilrie ethers : 
Nitrate of Amyl . . .11 

Nitiato of Ethyl . . . • 

Mercurelhylio Nitrate . ■ 

Nitrite of siolhyl . . , II 

Nitrate of Octyl . . , ■ 

Nitrogen, Phosphides of (s. Pliosphor- 
osamides, p. 4!)9). 

Nitrogen, Sulpliido of . . . . . ■ 

Nitrngoniuni (s Nlirogon). 

Nitiogentiamc acid fs Gentlanic aoid, 

II. «.1U). 

Nitroglycorin (s Glycorm, ii. 8110). 
NilrohariimUna (s. Ilaimallne, iii. 9), 
Nitroharmino (s riurmino, in. 11). 
Nitioliioinatic aeid (s. Picramic aoid, 
p. dOB) 

Nllroliolemn (s ilolemn, id. 188). 
Nitrohippiiiic aeul fs. Hlppune aoid, 
ill. IBl) 

Nilroliiimio acid (s. Ulmic add). 
Nitroliydnrilic aoid (s. Hydurllio acid, 
ill 221) 

Nilro-inosito (a. Inosite, lii. 270). 
Nitro-iodio acid or Anliidrido (a. lodie 
aeid, m. 299). 

Nitrolnctic acid fs, MiIk-sugfiA lii. 

1024). X 

Nitroloucic acid (s Leucine, *5“ 

Nitromannite (s. Munnlte, in. 826). *■ 

Nitroinurjc acid fs. Pimario acid, p. 
B46). 

Nitroiiiecomn (s. Meconln, tii. 8(13). 
Nltroinelaniline (a. Mdamline, under 
Phenylamines, p 4G4), 

Nitroinusidiiio I (s. Meaityleno, iii. 
Nitromesityloncsj 930). 
Nitromolacotoiiicacid(8.Propiomoaoid). 
Nitromethiilea: 

Nitroform, Bromonitroforin, To- 
trimitioinetliido. . . . 1 

Cyanomtromothide or Nitracoto- ^ 

Cj’anodimtromcthide or Dinitra- 
cetonltrilo .... 
Cyano-trioitrometiddo or Trinitra- 

cetomtrllo 

Cyano-dibiomonitromothido oi Di- 
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Nitromunatic acid . . . . 1 

Nitronaphthalenes (s. Naphthalene, 
p. 15). 

Nitro-oxybenzoio acid (a. Oxybenzoio 
add, p. 29 j). 

Nitiopapavenne (a Papaverine, p. 838). 

Nitiopetrol-dmmine (s. Petrol, p. 382) 

Nitropeucediimide and Nitropenoedanm 
(a. Peucedanin, p. 888). 

Nitrophenamio acid . . . . 1 

Nitrophenamylidine .... 

Nitropheneaio ncld) (s. Phenol, pp.894, 

Nitrophenleic acid j 397). 

Nitroplianoio acid (e. Phenoio acid, p. 

888 ). 

Nilrophencl (a. Phenol, p 894). 

Kltrophenylainine (a Phenylamine, p. 
445). 

N itrophenyl-oarbamides (a. Carbamide, 
i. 756) 

Hitrophenylene-diamme (a Phenylene- 
diamlnea, p 481). 

Nitrophenyl-pyiotarlramic aad (a. 
Pyi otartramio ethcra). 

Nitrophenvl-.aulphniicand -sulphuroua 
otheis (a. Sttipburic and Snlphuroua 


NUrnphth.ilmio noicl .... 
Nitropianyl (a. Meooniu, ili 808). 
Nitropioric acid . 

Nitioiiierotoxino (a. Picrotoxine, p 


WO) 

Nitropyrene (a. Pyrene). 

Nitioracemic add (a Raoemlo acid) 
Nitroaaccharoaa 

Nitrosalieylaraide (a. Salicylamidea) 
NltroBaltcyllo aoid (a. Salicylic acid). 
Niti'oaalicylidea (a Salicyloua acid, 
Derivativea of). 

Nltroao'oompounds 
Nitroaothylin . 

Nitroso-malonic acid . 

Amido-malonic acid 
Nitioaonaidithalm 
Nitroaopheiiylin 
NitrosopiperidJne (a. Piperidine). 
Nitrososiilphatea . 

Nitroatilbic acid . 

Nltroatyrol (a. Clnuamonc). 
Nitrosulphaho add 

Nitroaulphatea 

Nitrosulphidea of Iron (a Iron, ill. 891). 
Nitioaulphobenzide (a Sulphobenzide). 
Nitrosulphobenzidio acid (a. Nitro- 
phenyl-aiilphitrouB add) 
Nitroaulphocyniohc acid (a. Sulplio- 
oymolio acid). 

Nit'rosulphonaphthalio add (a Sulpho- 
napbtlialic acid). 

Nitroaulphotoluolio acid (a. Snlphotol- 
oylic acid) 

Nilroaulphoxylolioacid (a. Sulphoxyl- 
olio aom. 

Niti-oayl, Chlorldea of . 


Nltrotartario acid (a. Tartaric acid). 
Nitrotheino (a. Clioleati ophane, i 926). 
Nitrotnluene or Nitrotoluol (a. Benzyl, 
Hydride of, i. 674). 

Nitiotoluidme (a. Benzvlamine,i. 676). 
Nitrotoluj lainide (a Toliiylamide). 
Nitrotoliiylio acid fa Toluylio acid). 
Nitrotyroaine (a. Tyiosnie). 
Nitrovalerianic acid (a Valerianic aoid). 
Nitroveratnc acid (a. Yeratric acid). 
Nitroveratrol (a. Veriitrol). 
Hitroxamyleno (a. Amylcne, i. 208). 
Nitroxamylene, Nitioxysulphide of . 
Nitroxin or Nitroxyl (a Nitryl). 
Nitroxybenzoic acid (a. Oxybenzoio 
acid, p. 295). 

Nitroxj lene or Nitroxylol (a. lene). 
Nitioxynaphthalio acid 

Nitrum 

Nitryl ... 

Nomenclature: 

Hiatorlcul Noticea. 

Nomendatnre of Inorganic bodies 
Nomenclature of Organic bodies 
Nomenclature of Croups . 
Nomonclatuie of Eunotlons 
Alcoliola. . , 

Teiminationa . 

Literatuie .... 
Nontroiiite 

Noiiyinmina 

Noiiylene 

Chilli ido and Biomido of Nonylene 
Nonyiio alcohol (a. Nonyl, p. 132). 


Bergman’s St mbola 
Lavoisier’s Notation 
Notation of Hasaenfratz and Adet 
Notation of Berzelius . 

Notation in actual use . 


Nuoin 

Nuclein .... 

Nucleus Theory . 

Nuinbors, Law of Even (a. Cl 
tion, I. lOU). 

NusaientO .... 
Nut oils .... 

Nutmeg olla .... 
Nutrition, Animal 

On the nature of food . 
Dietetics 

General Laws of Nutntior 

A. Statics . 

B. Dynamics . 
Nutrition of Plants. . 
Nuttallte (a. Scapolito) 

Nnx vomica (s. Strychnos) 
Nymphiea .... 


Oats (a. Cereals, i. 828). 
Obsidian and Pumice . 
Oohran .... 
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Ochro . 

Ochroito 
Ociiota Oil or Camphor 
OotaliGilrito (s. Anatusc 
Octyl . . 

Octyl, Bromitio of 
Octyl, Chloride of 
Octyl, Hydrate of 
Octyl, Hr dude of. 
Octyl, Iodide of . 
Octyl, Oxide of . 
Octyl, Sulphide of 
Octylamine . . 

Octj'lene 

Meta.octylene 
Octylone, Acetate of 


Ether 


Odorme . 

Odonlolite (s Turqttoia). 

OSnaiithio acid and Ether - 
Chlorcenauthic acid and 
CEnanthol . 

lUetoeiiaiithol . 

CEnaiithyl , 

CEiianthjI, Chloride of 
OLnanthyl, Hydride of. 

QSnanthylacotoiie (s. QDnanthylono). 
ffiiiaiUhylainldu , 

OHiuinthyletio (s. Iloptylono). 

CEnanthylic acid . 

CEiiimihylutos 
CEnanthylic Anhydride 
CEnanthylic Ethers 
CEmmth.i lii-bencoie Anhydride 
CEiiiiiithj hi-ouiiiiilie Anhydride 
CEniintliyloiie 

CEiiuiithyl-sulphiirio acid . 

CEnanthylous acid . 

CEiiol 

CEiioIin .... 

CEnometer .... 

CEnyl 

CEratedtite .... 

Oifu Helinontii . 

Oneolto (s. Rlpidolite). 

On Gas . . . 

Oil, Geiiossee or Seneca 
Oil Mineral .... 

Oil of Vitriol .... 

Oil of Wire fa. Etherin, ii. fi07). 

Oils 

A. Fat or Fixed oils : 

Vegetable oils, Drying and Non- 
drying . . ' 

Fish oils . 

Other Animal oils 
a. Oil of Ants 
p. Oils from Egg-yolk . 

j. Neat’s-fiiot oil . 

». Oil of Silkworms 
Adulteration of Fat oils, 

B. Volatile oils: 

Pi eparation 

Properties . . - . 

Table of’TSpeeiflc Gravities and 
Optical Properties 
Hydrocarbons from Volatile oils 


e,p.743). 


Decompositions 
Combliiatione 
Adulterations 
Oi.sanite 
Okenito 
Oleumide 

Oleandrine fs Pseudocuiar 
Oleeiie (s. Nonylene). 

Olefiant gas (s. Ethylene). 

Olefines ...... 

ic acid 

Oleates 

Acids 1 elated to Oleic acid : 
a. Hydi oleic nud lletoleic acids 
p. Elaidicacid . . . . 

Oleic Ethers: 

Oleate of Ethyl 
Olente of Methyl . 

Oleates of Glj'coryl : Mor 
and Tn-nlihi . 

Oleuto of M.mnityl 
Olein (s. Oleic Etheis) 

Olcone . , . - 

Olcophosphoric acid 
Oleum Anlmalo Dippelii 
Oleum Jecoris Aselli . 

Ohbaiium 
Olidic acid . 

Ohgistic iron 
Ohgoclaso 
Ollgoii-spar 
Olivo . 

Olivo oil 
Ohvonito 
Ollvcnold 
Ollvil . 

Olivin , 

Ohvirutln 
Oilvito . 

Omifhmyl. Oxide 
Onipliazite 

Onkosin 
Onocenii 
Onofrlte 
Ononetin 
Onunide 
Ononiu . 

Ononis . 

Onosplu 
Onyx . 

Oolite . 

Oosite . 

Opal . 

Opal Allophi 
OphioUte 
Ophite (s. Serpent 

Opiaminone 
Opianic acid, 

Opianatos 
Opiaiio-snlptiuroua 
Snlphopiamc acid . 

Opianlo acid. Amides of 


itlno). 


Teropiammone 
Opianic ether (s. Opiant 
Opianine? . 

Opmno sulphurous acid 
Opiaiiyl 
Opium . 

Opium fat . 
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Opobalsam . 

Opodeldoc . 

Opopana:: . 

Opsimose - . 

Orange (s. Citrus, li. 1002'). 
Granite (s. Thoilte). 


Orohella "weeds 

Orchil 

Orchis 

Orcin 

Substitution-derivatiom of Orcin: 
Bromoroin, Tribroniorcm , 
Tnohloioroin, Tii-iodoroln 
Compound} homologous with Orcin: 


1 Osmium, Sulphides of . 
Osmium-bases, Aramoniaoal 
Osmose (s. Liquids, lii. 718). 
Ossein (a Bone-cai tilage, i. 619) 
Ostoolite .... 
Ostranite . , , . 

OstiBOColla . , , . 

Otliyl 

Otoba fat . , , . 

- Ottrelite . , , . 

- Ouvarovite .... 

■ Owala 

• Owenlte .... 

Oxabenzidide 

I Oxacalcite .... 


Kesorclu . 

OrelHn .... 
Oreoselin 
Oreoaelone . 

Organic Analysis (s. Analji 
Oignnic Chemistry 
Organo-metalho Bodies 
Formation , 
Properties 

Potassium, Sodium, a 


Cadmium aeries. 
'Pin senes 
Bismuth aeries . 
Load senes 
Meroiino series . 
Antimony series 


Orgnnum (see Marjoram). 

Oropion (s Bock salt). 

Orpiment 

Orscille (s. Archil). 

Oisellesic add (s. Orsellinic acid). 

Orsollio acid 

Orsellinic -acid . . . . 

Orsellinic Ethers . . . . 

Orthite . . . . 

Oitliocaihonate of Ethyl 
Orthoelase (s. Felspar, ii. 619). 


Osmelite (s, Peotolite). 

Osmiamio acid 

Oaralamide 

Orou“ild] (PP. 246, 246). 

Osmiridium 

Osmitopsis, Oil of 

Osmium 

Osmium, Chlorides of . 

Dichlonde, Trichloride . 
Tetrachloride 

HexcblorJde 

Osmium, Detection and Estimation of. 
Osmium, Oxides of . . , , ; 

Protoxide. Sesqnioxide. Dioxide 


Oxalacetio acid .... 

Oxalan (s, Oxalurainide, p. 277). 
Oxalaiitin . . . . . 

Oxalic acid . . . , . 

Oxalates 

Oxalate of Alumiimim . 

Oxalates of Ammonium 
Oxalate of Antimony 
Ammonio-,Potas8io-, and Sotho- 
antinioiiio Oxalates 
Oxalates of Aisonlo 
Oxalates of Barium . . 

Oxalates of Bismuth . 

Ammonio- and Sodio-bismuth 
Oxalates . . . . 

Oxalates of Cadmium . 

Oxalato of Cadmaminoiiium . 
Animonio-cadinio Oxalates 
Potassio-cadmic and Sodio-cnd- 
niio Oxalates .... 
Oxalate of Calcium . . . 

Oxalates of Ceimm 
Oxalates of Chromium . 

Double Salts .... 
Oxalates of Cobalt 
rotussio-cobaltous Oxalate . 

Oxalate of Cobalt-nick ol-animo- 

Oxalates of Copper 
Oxalate of Didymium . 

Oxalate of Cluolnum . . . 

Ammonio glucimo Oxalate . 

Oxalates of Iron i 
Potnssio-feirous O.xalate . 
Ammonio-forno Oxnlnto . 
BarytO', Caloio-, Potasslo-, So- 
dio-, and Stroutio-forrio Oxa- 
lates 

Oxalate of Lanthanum . 

Oxalates of Lead : 
Potasaio-plumblo Oxalate . 
Oxalo-iiitrates of Lead 
Oxalates of nithmm . 

Oxalates of Magnesium 
Ammonio-magnesic Oxalates . 
Potasaio-magnesio Oxalates 
Oxalates of Manganese 
Ammonio-manganousOxalates . 
Potasslo-, and Sodio-nianganous 
Oxalates .... 
Oxalates of Meioiiiy . 
Ammonio-meiouric Oxalate 
Oxalate of Tetrameroui ammo- 
nium (ill. 918). 



THE FOURTH VOLUME. 


OxoUo'Soid! 

Ammomo-nickol Oxalates 
Oxalate of N’ickel-eobalt-amra 
nium (p. 2fi8) 

Oxalate of Palladium . 

Arnmomo-palladious Oxalate 
Oxalates of Platinum . 

Oxalates of Potassium . 

Oxalates of Rubidium . 

Oxalate of Silvei . 

Amraoiiin-oxalato of Silver 
Oxalates of Soduim 
Oxalate of Tantalum? . 

Oxalate of Telluuum ? . 

Oxalates of Thalluuu . 

Oxalate of Tliorinum . 

Potassiu-tlionnio Oxalate . 
Oxalates of Tin . 

Ammonio- and Putassio-atannous 
Oxalates 

Oxalate of 'Dtaninm 
Oxalates of Uranium . 

Ammonio niniiuus Oxalate 
Ammonio- and Potuaaio-uramo 
Oxalates 

Oxalate of Vanadium , 
Potassio-vaiiadio Oxalate . 
Oxiilo-viniailic and . 

Oxalate of Yttrium 
Oxalate of Yttrium and Potas- 


Oxalovinic acid (a Ethyl- oxalic acid, 
p 271). 

Oxalurnmide 

Oxaliiranilide i 

Oxalnric and 

Oxalvinomctliylide (p. 271). 

Oxauietliano (a. Etbyiic Oxainato, 

p 280). 

Oxametliylano fa. Mcthylic Oxamate, 

p. 281). 


10 acid 


Oxalate of Znio and Potassium , 
Oxalic Held, Amnios of . . 

Oxalic Ether, s . . ■ • < 

Oxalate of Allyl .... 
Oxalates of Amyl, neutral and 

Oxalates of Ethyl i 
Neutral Etliylio OxalatO! 

Oxalle JSihr . 

Porcbloretliylie Oxalate 

Etliyl-niethylio Oxalate 
Ethyloxalic and 

Peiitaidilni etliylox.ilie 
Chloioxaloviuio add 
Oxalate of Ethylene 
Oxalates of Motlii 1 . . 

Neutral Motlijlio Oxalate 

Ghlaroniotliylic Oxalates 
Couniinnids piudiU'nl by the 
actum of Aiiic-ethyl, &c on 
the O.vulic Ethers 

1. Uiethiixalic, nioihiiglycol- 
lio, or Leunc ether . 

2. Diinotlioxalic or Uietho- 

3. ^thouietliiixalic or 
motlniglyeollic acid 

4. Ainhydi oxalic or Amogly- 
collie and .... 

6. Etlianioxulic or Ethamo. 
glycollic acid 

6. lliainoxallo or Diaiiiogly- 

7. Products of the action of 
Zinc on a mixture of Amy- 
lio Oxalate and Araylii 
lodidi!*, .... 

Oxalite 

Oxalmothylovinide (p. 271). 


Oxainates .... 
Oxamic Ethers .... 
Aijiyhc Oxamate or Oxamylain 
Etliylio Oxamates : 

OYaincthane . , 

Chloroxainethano . . 

Oxamcthylane . 

Methyloxumio acid . 

Etliylio DiiiU'tliyliixamnte 
Phonyloxnmio or O.Miiiilic add 
Oxamido 

IMmethyloxnmide , 
lllethyloxninido . 
iliamyloxnmide . , 

Naphthyl oxiiniides i 
Ilimiphtliyl-oxaiiildc or 
nuphth.ilido . 
Cyanodnmphtliyloxiimido 
Moiinpliilio.Yimido . 

Pheiiy Ifl.xmiiules . 
JIomiphonyloMUiildo or Oxani- 


o3amido''‘'‘‘}(l'-285)' 

Oxaiiiho acid (a. Phenyl- oxamlo acid, 
O.xiinillio (a. Diphonyloxanude, p. 

O.x.milino .... . 

Oxanthiiicone (a. Parannphthnlene). 

(Kiitolyhc acid 

Oxothyl 

Oxethylone-baaea (a. Ethyleiio-bases, 

11 5y.-l). 

Oxethyl-tnothyl-phoaphoinum (a Phna- 
pliorna baaea). 

Oxhaverito (a. Apophyllito, i,.257). 

!a3£Z}c. 

Oxoiiic and .... 

Oxyaeanthin 
Oxyacanthliio 
Oxyanisiimie acid 

Diuziiaiila-uxyanisamio oi Diazo- 
aiiis-aniidaniaic acid . 
Oxybenzamic acid 

Acotoxylienznmic acid . 
Ronzoxybciiznmic add . 
Diazoboiizo-oxybenzainic or 
zobenzo-amidobenzolc acid 
Diazobonzoic add . 

Dioxyhenzamiu acid 
Oxyhoiizodiamido 
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Oxybenzoio acid . 

Todoxj benzoic acid 
Kitroxybenzoic acid 
Trinitroxj benzoic acid . 
Oxj'biityrio acid . 

Oxybut - ’ - 

Oxycai ^ 

Garboxybe acid . 

Oxyearmimc acid 

Oxvoblono acid (s. Perchloric acid, 
910). 

Oxyouloddea 

Oxvohlorocarbonic acid (a. Chlonde of 
(Jnrbonyl, i. 774). 

Oxyclnohonine 

Oxycobaltio aaita (a Cobalt-basea, Am- 
moniacali i. 106u). 

Oxycrooonlo aoid (a. Lenconic acid, iil. 
684). 

Oxycuminamio acid 


Oxyfluorides 

Active Oxygen or Ozone 
Oxidea aiiA Hydratoa . 

Metallic Oxides and Hydrates: 
their Classitioation . 
Ooctiironce and formation of Me- 
tallic Oxides 

Peroxidoa of Oiganio Padicles 
Oxygon, Detection and EaUmatioii of 
Oxygenated Water 
Oxygenold . 

Oxyguanme . _ . 

Oxygummio acid . 

Oxyhippuiio acid 
Oxy-hydrogen Bli 
Oxyiodio acid(s,P 
Oxylisatioii .... 
Oxylizario acid (a. Purpnrin). 
Oxyniethyl-carbonio acid . 
Oxymothyl-tiiotbyl pboaphomu 
OxjTiiorphine 


Oxynaphthalio acid 

Cliloroxynaphthallc and PercUlor 
oxynaphthabc acids . 
Oxynaphtbyl, Chlorides of . 

Chloride of Oliloroxynaphthyl and 
Ohlorido of Perchloroxynaphthyl 
Oxynaphthylainiiie .... 
Oxyparatartario acid .... 
Oxypeucedanm (a Peucedamn). 

Oxyphenlo acid 

Acetoxypbenic and Beozoxyphenic 

Oxypheayl-sulphavio acid . 
Oxyphorphyno acid .... 

Oxypionc acid 

Oxypinitannio acids . . . . 

Oxyporphyric aoid (s. Porphyria acid). 
Oxyprotein (s. Protein). 

O.xypyroUc aoid 

Oxyquinino 

UxviTophone ..... 

Oxysalicyhc acid 

DioxysahcyUc or GalUo acid 

Oxysalts 

Dxystiychnines 

Oxvenlphides 

Oxysnlphooarbomc Ethers (s. Sulpho- 
oarbonio Etheis). 


Oxysnlphoplatmocyanide of Potassium 
(s. Cyanide of Platinum, ii. 267). 
Oxysulphosnlphnrous acid (s. Hypo- 
sulphurona acid, under Sulphur, 


Oxysyivic acid . 
Oxyterephthalamic acid 
Oxyterephthalic acid . 
Oxytolic acid 
Oxytoluamic acid 
Oysters 

Ozarkite . . . 

Ozocerite or Ozokerite . 


Ozone fe. Oxygen, p 299). 
Ozone-hydrogen 


Pachnolo 

Pachnolits 

Paokfoiig or Paoktong . 

Paionin 

Pagodite (s. Agalmatohte, i. 60). 
Paisboigita (a. Ebodoiiito). 

Pakoe Kidang (s. Cibotium, ii. 902). 
Paltoo-ciy'etals .... 

Palagomte 

Paligorskite 

Palisander Wood .... 
Palladamino ) (s. Palladium-bases, 
Pallad-diamme ( Amnioniaeal), 
Palladanilamine 7 (s. Pallndiuiu. 

I'alladethylamine J bases, Organic). 

Pnlladiuni . . 

Pallndium, Aiioya of . 

Palladium, Bromide of 
Palladium, Caibulo of . 

Palladium, Chlorides of . . . 

Palladium, Cyanides of (s. Cyanides, ii. 
2C0). 

Palladium, Detection and Estitnntion 


Atomic Weight 
Palladium, Fluoride of. 

Palladium, Iodide of . 

Palladium, Oxides of . 

Palladium, Selenido of . 

Palladium, Sulpbido of 
Palladium-bases, Ammouiacai , 
Palladium-bases, Oiganio . 

Palmic aoid (a Rieinelaldio acid). 
Palmin (e. IticinelaSdin). 

Palmitamide .... 
Palmitic acid .... 

Palmitates, Metallic . 

Palmitic Ethers .... 
Methyhc Palmitate 
Ethylic, Amylie, Cotyhc, and My- 
ncylic Palmitates 
Palmitates of Glyceiyl or Palm!- 

Palmitate of Mannityl . 

Pahnitin .... 
Palmitone .... 
Palraltonlo acid . 

Palmityl .... 

Palm-oil or Palm-butter ' , 
Palm-sugar . . , , 

Palm-wax .... 
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Pilm-wina .... 

Pimabaae (a. Totrahednto). 

I'liiicreatio jmce . 

Pupiiveime .... 

Parabanio acid 

Metbj'l-parabanio acid . 
Dimetlij'l-parabanio acid 
Dipbenyl-parabanic acid 
Paraboiizene oi Parabenzol . 

Paiabromalitle 

Paiabromoinalelo acid (a. Maleic acid, 
in 788) 

Paiaoacodylio Oxide (a. Araenlc-radi- 
clcs, Organic, i. 407). 

Paiacnjputcne (a. CaipBtene, i.711). 
Paracamphorio acid (a. Camphoric 
acid, 1 . 780). 

Pnracarthamm 

Paracclluloso 

Paraectone (a. Piunaoono). 

Paracliloralulo 

Parachloiobenzoio acid 

Paraoitrio acid (s. Aconltlo acid, i. 61). 

Paracoluinbite 

Paracyanio acid 

Paradfgitafotin . . . . . 

ParadipheapUomum - compounds (a. 

Plioaphonia-basos). 

Parn-ollagio acid (a. Ruflgallio acid). 

Faiailiii 

Manufactui o of Paraflin and Paraf- 
fin oils 

List of Momoira relating to Paraf- 
lin and allied niattcis . 


ParasacclmrosB 

Paraaalicyl 

Paraaorbic acid (a. Sorbio acid). 

Paraatilbite 

Parasulphatammon (a Suipliamtdc). 
Paraturtni'ic acid (a. Kacemic acid). 
Paratartrmnido (a. Knccmamide) 
Puratnrtraiio and Paratartrclio acids 
(a Uacoimc acid). 

Paratnrtiovinic acid . 

Parntliionie acid . . 

'‘aratidnono or Paratolnol 
’aroiiio acid and Paroliin 
’argusito . 

PnijcinB . 

Pariilin- 
Par 


Paiahexyluno . . . , 

Paralactic acid .... 
Parnibiimln (s. Albumin, i. 08). 
Parnldoliydo .... 

Fai allolostei'ism .... 
Paralogito 

Paiamaleio acid (s. Piimario ac 
741). 

Parainalio acid ...... 

Parnmeconic acid (s. Comonio acid, i. 

110 . 8 ) 

Paramenisponniiio (s. Menispormino, hi. 

Paramic acid 1 («. Mellitlcacid, Amides 
Paramule ) of, ni. 873). 
Paramidobenzoic acid (s. Para-oxj boii- 
zainic nci.l, p. 331) 

Pninmoiphino (s. Tliobaiiio) 

Pnramoriilious Crystals . 

Paramncio acid '. 

Painmylono or Diamyleno 
Patamylouo .... 
ParanuplUlmleno or Antbruceno . 
Bromautbracene . 

Clilorantbrncono . 

Oxantliraceno 


Paraniceno . 

Paranloine . 

Paraiiiline 

Pnrnmtrobonzoio acid (s. Nitiodracyiio 
acid, p. 00). 


Para-oxybenznmic acid . . . , 

Azo paraoxybenzamio acid . 
Para-oxybenzoio acid .... I 
Painpectlc acid and Parapectin (s. Poe- 
tic acid and Pectin). 

Paiaphoaphono acid .... 
Paiapicoline . 


Parictlc acid . 

Piiriotin .... 

Paris Bluo .... 
Paris Lake (s. Carialno Lalto). 
Pans Ecd . 


’aristypbnin 
Parmolia . . 

cl-red and Pannol-yoIIot 
jenlc acid . . 

Parting 

Passive state of Metals (a. 
ii 430). 

Paste or Strass . . 

Ibistmncone . 

Piisto-iosln . 

Patcliouh . . . 


Palriiilte (s. Aciculito). 
Paulite. . . . 
Paulowma . 

Piivietin , . . 
Paviin .... 
I‘ea .... 
Poach (s. Fruit, ii. 716). 
I'eacocic Copper ore . 

Poarl-asli . 

Pcaii-mica (s. Margarite). 
Pcail-sintor . 

Peail-apar . 

Pearl-stone . 

Peastone or Pisolite . 

Pectase 


Pectin Substances). 


Pectolite 
Fectous Substances 
Pectin . 
Parapectin . 
Metapectin 
Pcctosac acid . 
Pectlc acid . 
Parapectic acid 
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Peotous Suhatanco'i : 

Metapeotio aoid . 

Pyropectio acid . . . 

General viery of the transformations 
of Pectin and the mutual rela- 
tions of PectoUB Suhstances 


Pcgnnum . 

Pegmatite . . . - 

Pegmatohte (s. Orthoclaae). 

PoFamin6(8 liepiiimc, 
Pelargone . 

Pelaigonene (s. hJonyh 
Pelargomc acid . 
Pelargonio anhydride 
Pelargonio Ether . 


Pelargyl 

Pfld'sHaii 


Polioanite 
Peliom . 

Pelluteine 

Peloconite .... 

Pelopiora (,s. Niohiura, p, 48). 

Pelosino 
Pencatite 

Penghawai Djambi 
Pennine 

Pennite (s. Ilydromokel-magnesite, hi. 

Penta^ .... 
Peiitachloroxylm or PentacMorosyloi 


.lyroj-ho aoid (s, Sa 
Pereulphides 
Persulphooyanio acid . 
Peisnlpliocyanogen 


Peru Balsam (s Balsams, 1. 496). 

Peiur 0 acid 

Pemvin (s. Cmnyhc alcohol, i. 992). 

Petalito 

Petaaito 

Petiniiie 

Petrol 

Tnnitropetrol ... 
Nitropctroldiamino 
Triothyl-nitropetroldiamino . 
Fetrolene ..... 

Petroleum 

Petrosilex 

Fetuntze 

Petzite 

Feucedanm 

Nitropeuoedanin . 

Peiicyl (s. Terebilcne). 


acids of) 

Pentethylenio Alcohol (s. Efhyleno, 
Hydrates of, ii 677). 

Poplolite 

Peppei (a. Piper). 

Peppermint-camphor (s. Menthol, hi. 

Peppermiiit-oil (e. Pipeiitm, Oleum 
Mentbee, p. 669). 

Pepsin 

Peptones i 

Per 1 

Perbromic acid 

Perchlorates 

Perchloric etbei ... . i 

Perchloroplatinocyanides (s. Cyanides, 

li. 268). 

Parchloroqulnone (s Qninono). 
Peichlororubinn (s. Kiihiaii). 
Perchloroxynaphthaho acid (a. Oxy- 
naphthallo acid, p. 813). 

Peroylite ( 

PerkK '. ’. I ■ 

Periolin (s Felspar, li 621). 

Fendoto (s. Olivin, p. 201). 

Periniorplious Crystals .... 
Periodic aoid (s'. Iodine, Oxygen-acida 
of, iii. 807). 

Perlaterito 

Perlite (s. Peai'lstone, p. 868). 

Permanent White .... 

^ Permanganates (s. Manganic acids, lU. 
819). 

Perofskite or Perowskito . 

Perowskin (a, Triphylin). 

Peroxides (s. Oxygen, pp. 304, 309). 
Perspuiation 1 


Phaw 


etm 


Pliaiosio acid . . . 

Pharmacocaloite (s. Olivoiiite). 

Pliaimocolite 

Plmrinacosidento (s Cube-ore, ii. 171). 
Pliaseolns (a. Bean, i 6'24). 
Phaaeomaimite (a Iiiosite, iii 274). 

Plieasixnt 

Phemicito or Phenakito . . . 

Pheiiamcino 

Plieiiamylol, Phenatesi Plionutol (s. 

Phenol, p. 891). 
phengite (s Muscovite). 

I'honic acid (s. I’henol). 

I'henoic acid 

Phenol .... 

Phenates, Metallic 
Phonatos, Alcoholic : Anisol, Phe- 
netol, Phonamylol 
Phenol, Dell viitives of . 

1. Bromoplienio acids . 

2. Chlorophenic acids s 
Dichloroplieino acid , 
Triohlorophonio acid . 
Pentaohlorophuiiic acid 

8. lodoplienio acids 
4. Nitropbemo acids; 

Nitroplicmo acid 
Isonltiophenio acid . 
Hitrodichloroplienic acid 
Kitio-di-ioUoplienio aoid 

Dmltiobioinophomc acid 
Diulliochloroplieiiic acid 
Tiiintrophenic or Piciio a 
Pioiates, Metaiiio 
Piorates, Alcoholic : Picric 
Etheis . . . 

Picrates of Oiganic-base 
Plcrutes of Hydrocai honi 
Compounds produced by tli 
tion of Eeducing Agents on 
the Nitiopheinc acids : 

1. By Sulnhidc ofrd.mmonium 
Nitiophenamio, Dinitio-i 
phenamio or Amido- intro- 
phonic acid 
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Fhonol, Dcrivntivos of. Phonylaimnea: 

litliyl-nitrophenuline orNi- Properties .... 421 

troplionetidino . . . 406 Decompositions . . . 422 

Pioramic, Dinitrophcnnmio Salts of Aniline . . . 426 

or Amklo-dinltrophomc Snbatitntlon - dciivativee of 

acid .... — Aniline: 

Hitrochlorophenaimc or i. Formed by replaccinoiit of 

Ainulonitiochloropbenic Ilydroffcn witlim the 

acid . ... 407 Pbenyl-radiole . . 429 

2. By Hydnoriic acid and Ai^OpboIl^ lamine . . 430 

Stannous Chloride. Biomanilino . . . 430 


rioraniine .... 
8. By Cyanide o f Potassium. 

Metapui puno acid 
4. By Nitrous acid. 
Diazoiiitropbenol 
Diazodiiiitiopheiml . 
Diazonitroclilorophonol 
Appendix to Phenyl-derivattvea . 
Tri-lodophemo acid 

Phenol-blue 

Phenoxacotio acid .... 

Phenyl 

Bromoplienyl .... 
Chlorophonyl .... 
Nltroplieiiyl and Isonitrophenyl . . 
Bromonitroplioiiyl 
Amidoplionyl oi Benzidine . 
Ainidoiiitroplicnyl 
Bi omaniidophonyl or Bromobenzi- 

Dinzobonziilino or Totrarodirdieiiyl 
Diazobonzulino-aiiiliiie or Diazo- 
dipbeiiylene-diphonjl-tetramiilo 
Phenyl, Broimdo of ... . 

Phenyl, Chloride of ... . 

Phonj'l, Oyanldo of . , . 

Phenyl, Hydrate of (p, 280). 

Phenyl, llydiKlo of, or Benzene . 

Azo- and Anndohenzeiics 

Monobronioboiizeiie 

Di-, Tri-, and Tutra-bromoboiizeiio 

Monochlorobenzene 

Dlehlorobenzene .... 

Trichlorohenzeno .... 

lUano-iodnbcnzono 

Broiiiiodobonzerio .... 

Mono- and Di-iii(robonzeiio . 

N itrobromobenzeiie 
Nitrodlbromobenzeno . 
Nltrotetraliromohenzone 
Nltroelilorobeiizeiio 
Dinitrochlorobenzeiio . 
Tuiiltroehloroheii/ene, Tnnitro- 
phenylio Chloride, oi Cliloro- 

Phenj’/, Iodide of 'fp 410). 

Phenyl, O.xide of 

Phenyl, Sulphides of: 

Piotosulphide . . . . 

Disulphide 

Phenjl-sulphydrato of. 

Pheii'dacetamide 

Bromo-, Chloro- and Nitrophenyl- 

Phenylamic or Aniho acids . 
Phenvlaniides or Anilides . 
Phenylamides oi Anils . 

Phenylamines 

A. Phenyl-ififinamlnes . 

Monophenylamine or Aniline . 
History, Zi’urniatioii, X’ropiira- 


412 



Dibroniaiiillno. . . — 

Tribromuniline . . 436 

, 1 1 ■ * 438 

Chloiniiiline . . — 

Diclilornniline. . , 440 

Trichlorauiliiio . . 441 

Chlorodiliroiiiaulllne . — 


Ovunaniliiio . , 

lodopliciiylniiimo or lo- 
danilino , . . 

Azo-iodophen\ Iniiiino . 
Nitioplieiiylainiiie or Ni- 
tranilino , . 

Dinitruniline . 

Triiiitraiiiline or Picia- 

Azonitroplionylamino , 
n. Derivatives of Aniline 
fornicd liy replueeiiieiit 
of tile cxtia-rudicnl oi 
typie Ilvdroijon . 

Amylnniliiie . 

Diamylaiiilino. 
Cctyliimlme . . 

Etbylanlliiie . 

Dietliylaiiilino 
Etliylbionianilino . 
Ethyleliloraiiiliiio . 
Dielliilcbloraiiiline. 
Etliyl-allyl-amluio . 
Etliyl-aniyl-auilliio 
Motliylaiiilino. 
Methyl-aniyl aniline . 
Methyl etbyl-anilino 
Di|ilionyluiiiiiio 


442 

444 

446 

447 
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400 

461 



B. Phonylditiiiiiiios 

1. Ntliyletie.-compimnds ; 
KthyleHC-diplionyl-diamino , 
Etbyloiie diplicnyl-dictbyl- 

Dietliyleno-diplienyl-diamine 

2. ’ 



mine 407 

, Phenyl - diamines containing 
other Aldehyde-) adiries. 
Diallylidenc-d iplioiiyl 'diuinliie — 
Diniiiylidoiie-dipboiiyl-dia- 

Dibenzylideiie-diphciiyl-diii- 
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Phenylamines ; 

Benzylideno-dlethyl-diphenyl- 
diamine .... 468 

Diheptylidene-diplienyl-di- 

Hejitylidene-diallyl-dlphenyl- 

Heptyhdene-diethyl-diphenyl- 
diamine .... 469 

Products of the action of Cin- 
namic, Cnminic, and Salicy- 
lic acids on Aniline . . — 


Azo-bronio- dlphonyl-diamino 4G0 
Azo-dibronio-ilipbenyl-diamine — 
Azo-ohloro-diphenyl-diamino — 
Azo-dichloro-diphcnyl-dlami 
Azo-nitro-dlphenyl-tllamine 
Azo-phenyl-naphthj'l-diamii 
6. Cyam-pitent/l-duanmea . 
Cyano-diphenyl-diaimne o 
Melaniline . 

Cibromomelanillne 
Dicliloronielaniline 
Diniodoinolaniline . 
Dmitromolanillne . 
Dicyaiionielnnilme . 

0. Phenyl-triamlues: 

I. Caibo-triplionjl-tilamine 
Appendix to Phenylamines, Anilme- 

Aniline-black 

Aniline-hlno .... 
Aniline-biown 
Anilme green or GmeraUlmo 
Aniline-purple or llauve: MaU' 


Salts of Mftuvoino 
Anlline-i ed or Rosaniline : 
Preparation 

Composition and Formation 
Salts of Rosaniline . 
Derivatives of Rosaniline . 
Trl-ethyl-rosanlline 


dine-blue 
Aniliiis-yellow or Cbrysaniline 
Phenylammoniuins 

1. Containing only Alcohol-radi 


Tnethyl-phenylammonium 
Metliyl-ethyl-amylo-pheiiylnm- 
monium . 

Elhyl-tnphf 


2. Phenyl-atnmoniums containing 
Metals ; 

Antimony, Areenie, andBlsmuth- 
componnds .... 
Cadmimn, Mercury, Palladium, 
Tin, and Zinc-eomponiida . ■ 
Phenyl-amyl 

Phenyl-anisamide .... 
Phenyl-arsenamio acid . 
PhenVl-benzainides : 

Phenyl-benzamide or Benzanilide < 
Plienyl-altrobenzamide . . •: 


Phonyl-dibeiizainide or Dibeiiza- 

Dipbciiyl-benzami 
Plienyl-tolyl-benzamidoorPheuyl- 

Phenyl benzoyl 
Benzhydiol 




Phenyl-benzylaniine . 

Plienyl-benzyleuamine 

Phenyl-broraiinesatin . 

Phonyl-biityi amide 

Pbenvl-oarbaniic acid (a, Carbamic i 
1.761). 

Phei^l-caibamides (s. Curbanndes, i. 

Plienvl-cetybamines (s. I’beiiylnmines, 
p. 450). 

Phcnyl-chlorimeBatin (s. Pbenyl- 
sntins, I 

Phenyl-cl 
amines, p 442). 

Plienvl-cinnamido (s. Cinnamido, i. 
989). 

Phenvl-citraoonainides (s. Citiaconio 
acii Amides of, i 993) 

Phouyl-citramides (a Citric acid, 
Amides of, 1. 1000). 

Pbenyl-diamines (s Phenylamines, p. 

Pbenylene-dlamlne .... 


Azobroiiiopbcnvlcno-diamme . — 

Azodibioniopiion^lene-dlainiiio . 484 

Azocbloioptionyloiie-diaimno . — 

Azu-lodo-pboiiylono diainino . — 

Azo-nitio-plienylonc-diainiiio . — 

Azonitrophenylenio add . . — 

Phenyl-disulpho-diaiiiio aoid (s. Sul- 
phainio jEtbers). 


phainio jEtbers). 

i'henyl-etbyl 

Bioniophenyl-etbyl 

Nitronhenyl-etliyls 

Phenyl-etliylamines (s. Phenylamines, 
p. 460). 

Phenyl-foimamide (a. Formamide, vi. 
082). 

Pbenylio acid (s. Phenol, p. 889). 

Plienylide of Benzoyl (s. Phenyl-bon- 
zoyl, p. 478) 

Pheiiylido of Sulpliophenyl (s. Sulpho- 
benzido) 

Phenyl-iinesatins . . , . < 

Plienj l-itaconamio acid and Phony 1- 
ituconamide (s. Itacoiiic acid, in. 
435). 

Phenyl-malamic acid and Phenyl-ma- 
lamidea (a Malic acid, Phenylated 
Amides of, iii 797). 

Phenyl-mercaptan f s. Phenyl, Sulphy- 
drateof,p.418). 

Phenyl-methyl < 

Phenybinethylamines— Phenyl-phtha- 

Phenyl-pyrotartramic aoid — Plienyl- 
valeramide 

Pliiilipsite . 

Phillygenin . 

Phillyiin . 
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Phlegnm .... 
Phloum (fl. Grasaog, ii 9t8). 
Plilobftplieiio 

Phlogiston (a Combustion, 
Gas, li. 774—782). 
Phlogopita (a. Mica, Hi. 3012). 
Phlorammo . 

Phloretanuo acid . 

Phloretlo acid 
Phloretates . 


Anet} 


EtU\ l-pbloietic acid 
Ainyl-pbloretio acid 
Phlorotin 

Tetrabromoplilorotin 
Nitropbloretin 
Motnpblorotin 
Phlorotol 
Phlorotyl . 
lbiloii7sm . 

Pbloiizin . 

Phloiizatea . 
Plilorogliicin . . 

Tribromopliloroglucin 
Nitropliloroglucm . 


Benzoyl -phloroeluoin 
Phloiono. 

Mutapblnrono 
Pliocotiic acid (s GolpIiinioBcid.ii.aOO), 
Plioi'oiiil or Phociomn (s. Dolphin, ' 


Pliasnicin (s. Indigo-aiilplimlo acids, 

111. 201). 

Pliooniuito (s Holunochruito, iil. 8CC). 
PlmloTitu 

Phnnolito (s. Clinkstoi 




Plioioiio , 
PhoHgoiio 
Plifligenito 
Pliosphacot 
Phospham 
Pliosphamio acid 
Pliospliainules 
Plio^plianiiv 


pliamyi-trimetliylium (g. 
rua-bwies, p lilO). 
Pliosphniii' 


Phi 




Oxygon- 


Phosphaiaoiiinins 
Phosphates (s. Phosphorus, 
acid.s of, pp 535, 650). 

Phosplnitic ai'ld . 

Phosphethio acid . 

Phosphothybuiii and Phospliethyl-tri- 
niothvUum (a. Phosphorus- bases, 
pp CU, 015). 

Phospliides 

Phosphites (s. Phospliorus, Oxvgen- 
adds of p, 628). 

Phospho-benzamio acid 

Phosphoesrite 

Phosphochalcite 

Phosphogli osrio acid (s. Glycero-phos- 
phorioacid, iin891). 

Phospho-hy droqiuninio acid (s. Hvdro- 
quinine, Hi 217). 

Phosphp-Tnethylium and Pltospho- 


niethyl-triethylinni (a. Phosphorus- 
baass, pp. P(I9, 616). 

Phosphomolybdioacidfi. Molybdenum, 
111. 1087). 

Phosphorescence (s. Dight,ill .590, 032). 

Phosphoiic acid and Etlieis (a Phos- 
phorus, Oxygen-acids of pp.636, 688). 

Phosphorite ..... 

Phosphorochalcite 

Phosphorosamides ... 

Phosphorous add and others (s Phos- 
phorus, Oxvgflii-acids of pp. 627, 531). 

Phosphoru- 


Pioparation . 

Pioportles . 

Modilicntions . . 

Eed or Amorphous Phosphorus 
Eeactions . 

Clieinlcnl Relations 
Dees : Paste for poisoning v 
Lucifor Mutches . 

Phosphorus, Hydrate of . 
Phosphorus, Hydrides offs. Hydrogen, 
Phosphides of Hi 199). 

Phosphorus, Bromides of . , . 

Tribroinido or Phosphorous Bro. 


ehlorido or Pliosplioroiis Ohio. 




Pontachloiide of Phosphorus o 
Phosphoric chloride . , 

lodophosphoiKi chloiido . 
Soleuio-phosphuric cli lurido 
Aluinmn-phos|>huiic clilorido 
Pel rlco-phosplKiric clilondo 
Mcrcui ico-phoHphoi ic chloi ide 
Plnlliiico-phusphoiie chloride 
St annlco-phosphorie ohlorido 
Phosphorus, Chloromtiulo of 
Uiosphorus, Chlorosuhihido of (t. 

Phosphonis, Sulphochloridoof p. 006), 
Pliosphoi Us, Cyanide of . . . 

Plioaphoi us. Detection and Estimation 


. - _’popho3- 

phites .... 

In the Chloi ides, Bromides, Iodides, 
and Gyanido of Piiospliorus 
In tho Nitiogon-coinpoimds of 
Phosphorus 

In Organic compoimda . 

In tho Gaseous compounds of Phos- 
phorus and Hyihogon 
In Metallic Phosphides 
Testing foi tree Phosphoi 
Atomlo Weight of Phosp 
Phosphorus, Phiorido of 
Fhosjihoius, Iodides of. 

Di-iodido 

Tii-iodido . • 

Penta-iodido (?) . 

Phosphorus, Nitride of ... 
Phosphorus, Oxides and Oxygen-acid 


Suboxide of Phosphorus 
Hypophosphorous acid and salts , 
Quantltativo Analysis of IIj po- 

Hypop\i03phitos, metallic 
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lOspliorne.OxidoB & Oxygen-acida of : 
Phosphorous Oxide or Anhydride 627 
Phosphorous acid .... — 

Phosphites, MctaUio . . . 628 

Phosphites, Alcoholic: Phospho- 
rous Ethers . . . .631 

Amylphosphorous acid . . — 

Moiiamyllc Amylphosphite , 632 

Diamylio Amylphosphite . . — 

Ethyfphoaphorous acid . . — 

Barium-salts . . . 633 

Copper, Lead, and Potaesium- 

Ethy lobarytic Etliylpliosphlte — 
Etlij’lopotasSic Ethylphoa- 

phitcB — 

Diethylic Etlijlphosphite . . — 

Acetyl -pyrophosphorous acid . 634 
Triethyleno-phosphoious acid . — 

Phoaphoiio Oxide or Anhydride . 686 
Phosphoric Acids .... — 

Metaphosphorio acid and salts . 638 
Pyrophosphorio acid and salts . 639 
Orthophosphoi'ic acid and salts . 640 
Keactions of Orthophosphates 642 
Quantitative Analysis ofPhos- 
pliates Estimation and 
Separation of Phosphoric 

3. Estimation by Lend-ox- 

ide 643 

2. By Precipitation ns Am- 
moiiio-magnesian FliiSs- 

8 As Phosphatcof Bismuth — 

4. Estimation bv Stannic 

Oxide . . 644 

6. Precipitation by TJranio 
salts .... — 

6. Estimation by moans of 

Eerric salts ... — 

7. By Ceric salts . . 646 

Toliimetnc methods . . — 

Goneinl methods of sopaiating 

Phosphoric acid from Bases — 

а. By Mercurous Nitrate . — 

б. By Nitrate of Silver . 646 
y By Piocipitation with 

Molybdate ofAmmonium — 
S By fusion with Alkaline 
Caibonates . . . 647 

By Tartaric or Citiio acid — 
f By Caibonate of Barium — 
Special methods of separation 648 
Separation of Phosphoric acid 
from other acids. . . 649 

JtletaUic Phosphates : 

Phosphates of Aluminium . 660 

Phosphates of Ammonium . 662 

Phosphates of Barium . . 653 

Phosphates of Bismuth . . 664 

Phosphates of Cadmium . . — 

Phosphates of Calcium . . — 

Phosphates of Cerium . 658 

Phosphates of Chromium . . 669 

Phospliates of Cobalt . . — 

Phosphate.s of Copper . . 660 

Phosphates of Didjunium . . 662 

Phosphates of Glucinnm . , — 

Phosphates of Iron ... 

Phosphates of Lanthanum . 666 

Phosphates of Lead ... 

Phosphates of Lithium . 668 


I Phosphorus.Oxides & Oxygen-acids o(t 
Phosphates of Magnesium ' 
Phosphates of Manganese . 
Phosphates of Mei cury . 
Phosphates of Molybuenum 
Phosphates of Nickel 
Phosphates of Osmium 
Phosphates of Palladium 
Pliosph.ites of Potassium 
Phosphates of Rhodium 
Phosphates of Silver. 

Phosphates ot Sodium 
Phospliates of Stioiitium 
Phosphato-tantalio acid 
Phosphate of Tellurium 
Phosphate of Thallium 
Phosphate of Thorium 
Phospliates of Tin . 

Phosphate of Titanium 
Phosphates of Uranium 
Phosphates of Vanadium 
Phosphates of Yttrium 
Phosphates of Zino . 

Phosphate of Zirconium . 
Alcoholic Phosphates or Plmph 
JUthers * 

Amyl-phospborio others : 

1 Amylphosphorio acid . . . 

2. Diumyl-phosphorio acid 
3 Tiiainyho Phosphate . 
Etliyl-phosphoiio otheisi 
Ethyl-phosphoric acid . . 

Ethyl-sulphopliosphono acid . i 

Dlethyl-pliospiioric acid . 
Diethyl-sulphophosphoric acid . I 
Dielh}l-di8ulplio[ihosphoricncid 
Dietliyl-tetiasuiphophosphorio 
Trlotliylie Piinsphate 

Mothylphosphoiio ethers 
Diincthyiphospliorio acid . 
Monomethylphospliorlo acid . 

Adde^umi Methyl-phosphorous 

Phenyl-phosphoric ethers : 


liipueiiyiio Pnosphate 
Glycerophosphorio acid 
Acetyl-plioaphorio acid. 
Aoetyl-pyiophosphorlo acid . 
Phosphorus, Oxybromide of 
Phosphorus, Oxychloride of 
Phosjihoius, Selenides of . 

Hemi- or Sub-solenide . 
Piotoselenide 
Metallic Selenio-hypophosphil 
Triselonide . 

Selemophosphites 
Pentaselenide 
Seleniop' 


Phosj 


.r Sub-sulphide 
Protosulphlde 
Sulpho-hypophosphites 

SesqnisulpLde . e 

Tnsulphide . 

Sulphophosphites , 
Pentasulphide , , 
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Phospliovus, Sulpliidca of 
Suli/Iiopliospliates 
Sulplioxyphospliates . 
Pisiilpliiilo .... 
Phosplioiiis, Sulpliobiomide of . 
Pho^ptiorua, .Sulplioohloride of 
PlKwphoriH, Tiillunde of . 
Pliospliorus-baaos, Oiganic. 
I. Monoi’hosphines add 
Monoi'iiosphunioms: 
a. Methijl- compounds. 
Trimetbylphoaphii - 


Tetrameth,^ I 


meth\ Iplioaplioi 
Ethijl-comptm: 
Tnetliylphosphiiio 
Chlclrido, Jbomide, 
(if Tnotbylpboaphi 




0x11 
Oxyi'hloi'ide 


Carbo'ioipbido . 
Sidplioovunato . 
Totiuthylpbiispbonmm 
Mctlijd-triutbjiplioaplionium 
Etli j I- 1 1 i IP 0 thy I pb oaphomuin 
V Ann/l-cnmpnunds, 
Trlmothyl-aiiiylpliospliomum 
Triothyl-amvlpliosphoimim . 

5. AUijl-cnmpnunik. 
Tnetliyl-allyl {ihoaphonium . 
Tnuthjl-allyl-fiulpliocarbo-plios- 
pliomtudi! . 


Ti lolbyl-phuiivl-iialphooarbo- 
phohpliiiiiitiido . 

i. liuuzyl compound 
Triotlnl-bi'ii/.ylphiwidioiimm 
ij, JlJoniiphosphoiiiumf jnoduml 
hy the action of Diatomic A! 
coholic Ih omtilcs, Chlm Ida 
i'o., (IK 2'rimclhyl- and Tn 
cthyl-pho~.phim ; 

Bromutlij I tricthylphosphoiiium 
Ohloiethyl-tiiethj l-pbo-aphoniuii 
Oxothyl ti lethyl-plmsplionium 
Vinyl-tnothyl-phosphonium 
lodomcthyl-triethyl-phoaphoninm 
Cbloromelhyl - triothyl ' phospho- 

Broinothyl - ti'imetliyl - phospho- 


O.xo thy 1 - trim ethyl -phosphomum 
n. Diruosi’iioNitiMS 
Ethyleiio - ho.^ ethyl - diphospho- 


Paradipliosphomiim-compounds 
Ethyloiio tnethyl-trimothyl-di- 
phiwplionlum . . . . 

Ethylene - hexinethyl - diphospho- 


Ethylcno-tetrethyl-phogphammo- 
Ethylene-pentethyl-phosph 

Ethylene -Iriethyl - methyl-phos- 
phammonmm 

Ethyleno-tnolhyl-tiimelhyl phos- 


Phosphoras-bosea, Organic: 

IV. I’HO.SPHABaouinMS, 
Etliylono - hexethyl • phoapharso- 


V TltlPHOaPHONIDM-OOMPOUHDS. 
Eol myl-ennethybtriphoaphonmm , 
Photoehcmistiy (aea Light, Chomienl 
Action of, lu. 678). 

Photogen . 

Photography 

A. Proceaaea in which Silver- 
aalta ai e naed : 

1. Wot Collodion Process 

2. Dry Collodion Process . 

8 Albumin Piocoaa on Glaa 

B. Piocessea with 
Photosantonin 
Phthalamic acid . 

Pheiiyl-phthalamlc acid 
Phtlmlamino . . 

Pthnlic acid . 

llroinophtlialic acid 
Cblorophthalic acid 
Dichloroplithalic acid 
Tricliloropbthalic acid 
Nitrophthalic acid 
Dinitiophthalic acid 
Amidoplillialic acid 
Azophthalio acid . 

Azoxyphtlmllc acid 


Phonyl-phthaliinido 
Eitiopluluiliiuide . 
Phtlmlyl, Chloride of . 
1‘hthanito 
Phycicncid . 

Pliyolto 
Phycocyan and Phycoorythrin 
Phycohaiiiiatin . 

Phyllin-glnnce . 

Phyllite . . 

Phyllochlor . 

Phyllocyanin 
Pliylloretin . 

Phylloxanthein • 

PhyUoxantbm . . 

Pliysahn .... 

-’hyaetolcio acid . 

Phyaodin .... 

Adtleudum : Ceratophillin 
Pliysostigiiiino . . • 

I’liytocbiMiiiatry . . 

Phytoinclin .... 
Pianzito .... 


Pichiii 

Pichurim-camphor 
PicluiToateaiio acid (a. Laurie 
Pickeringite 

Piooline .... 
Ethyl-picolino 

Ethyleno-dipicolyl'diammonii 
Picolite 
Picrainmonium 
Picramyi 
Picraiialcime 
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Plerm 

Piorooyamic acid (s. iBopurpuno add, 
iii mi 
Picroerythrm 
Piorofluite . 

Picroglydon . 

Piorouchenin 
Piorollte 

Pioromerite . . . 

PiorophairaaQolite (a. Pharmacolite, p. 
887). 

Piciopliyll . . 

Picrosmlne . 

Pici otUomeoaite . 

Picrotoxio aold . 

Picrotoxm . 

Bromopicrotoxin 
Nltropiciotoxin 
Detection of Picrotoxln 
Picryl . 

Pictito (s. Sphene). 

Piddingtorute 
Pigotite . 

Pilihte . 

Pimano acid 

Aniorpiions Pimano add 
Piraaione . 

Pimolio acid 
Pinielio ethers 
Pimelita 

Pimento, Oil of . 

Pimpinolla, Oil of 
Plnacolm 
Pinacoiio 

Benzopinaeone 
Isobenzopinaeone 
Pindibeok . 

Pine-oil 

Pine -resins .... 
a. Ilesi ns of Turpentine 
j3, Koslns of PiiiKS Si/lvestris 
1 ICinovous acid 
2. Resm 0'‘H«0“ 

Pmey Tallow 
Pingmte 
Pinio acid . 

Pmioorretin . 

Pinicortannio acid 
Pinipienn . 

Pinitanmo acid . 

Finite . . . 

Pinltold . 

Pmoliu . 

Pinna .... 

Piotic and Plotous adds 
Piper . 

Pipenc acid . 

Hvdropiperio acid . 

Piperidine . 

Salts of Pipe 

Piperyl-Bulphoearbamato ' 
ylene-aminoninm 
Methvl-pipendine . 
Ethyl-piperldino . 
Amyl-piperidine . 

Cumyf ^ipende . 

Piperidine-urea (s. Carbamides, i. 
Pipenne 

Salts of Piperine . 

Piperitai, Oleum Month® 


Plpepilone-carbamido (s. Carbamide, f. 

Piperylene-sulpbocarbamic acid (a. Pi- 
peridine, p. 686). 

Pipestone 059 

Pipette — 

Pirenmite — 

Pirope (B. Pyrope). 

Pisanite — 

Pisolite (s. Pea-stone, p. 860). 

Pissopliane 660 

Pistacia — 

Pistacite — 

Pistomesite (s. Mesitin-spnr, iii. 928). 

Pitch — 

Pitch, Mineral (a. Bitumen, i. GOO). , 

Pitchblende — 

Pitchatona — 

Pitchy Iron-ore — 

Pitkllrautita 

Pltoyine — 

Pittacal 

Pitticite 661 

Pittinite 

Plagionite 

Planeiite . . ■. . , .662 

Plantago — 

Plants, Chemistry of (s. Phytochemis- 
try, p. 630). 

Plasma . . . . , , 

Flasmin 

Plaster — 

Plaster of Paris 

Plata Azul — . 

Plata Vcide — 

Platammonmm — 

Plataraenothylium (s. Arsenic-radicles, 
Organic, i. 400). 

Platinn 

Platinio and Platinous Compounds fp. 

666). ^ 
Piatinum ; 

Sourcoa and Extraction 
Properties . 

Spongy platinum 
Platinum -black 
Uses of Platinum . 

Platinum, Alloys of . 

Platinum, Antimonido of 
Platinum, Arsenide of , 

Platinum, Boride of . 

Platinum, Bromide of . 
platinum, Carbide of , 

Platinum, Chlorides ofs 
Platinous Chloride 
Ciiloroplatinites 
Platinic Chloride . 

Cbloroplatinates 

Platinum, Cyanides of (s. Cyanides, ii. 

Platinum, Detection and Estimation 
of: 

1. Blowpipe Reactions . 

2. Reactions in Solution 
8. Estimation and Separation 
4. Atomic Weight of Platinu 

Platinum, rPiuoride of 
Platinum, Iodides of 
Platinum, Nitnde of 
Platinum, Oxides of 
Platinous Oxide 
Platinic Oxide 
Platinutea 
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Hatlnnm, Oxygen-Balta of . 

Platiiious Nitrites 
Plalinuni, Phospliido of 
Platmum, Seleiinlo of . 

Piatinum, Silioido of . 

Platinum, Silioolluorirto of . 

Platinum, Sulnliides of 
Platinum, Sui|iliooyanate8 of (s. Sul- 
pliocyanatea). 

Platinum-baaos, Arauioniacnl : 

1. Diomnioiiio - platlnoua Com- 

2. Totianimonio-plntiiious Com- 
pounds . . . . ( 

8. JJiamnionio-platinic Compounds ( 
4, Tetiammonio - platimo Com- 
ponndB . . . . • 

fi. Ootnmmonio - dlplatinie Com- 

poiiiida ( 

Tiiounea of tlio Conatitulion of 
tho Aminnnmcal Platmura- 
cotniioiinda . . . . ( 

Platimim-liaaes, Oigaiuo . . . ( 

■ lum-black (p. (ICO). 


Gluua’s Metliod .... 
Dovillo anil Uobiay’a Motbod . 
Comnioroml A«say. 

Analysia of Plntiiuim-ieaiduea 
Aimlyaia of Osmiiidium. . - 
Platinum residues (p. 083). 

Platinum-sponge 

Flatoaainnio 

Platosotbylainino — Platosopyridmo . 

Plattnonto i 

Pleonast 

Plouroclnse (a. Pliosiiliatea, p. 609). 
Plinian (a. Mispiokel, lii. 1020) 

Plooaria . . . . . 

Plombgomine (a. Plumboroainite). 
Plombiorln (a. Boi'ogin, i. 609). 
PlombioiiLe 
Plum (a. Piunua), 

Plumbagin 

Plumbago (a Caibon, i. 768) 
Plumbetliyls fa. Lead-rndiolea, Oiganic, 

111 601). 

Plumbio ochre , . . 

Plumbooalcite . , . . . 

Plumboreamito 

Plumboatib (a. Boulnngerito, i. 051). 
Piiimoaito (a. Hetoiomorphite, in. 151). 
Pneumatic IVougli (a. Gases, Collection 
of, 11 . 800).^ 

Polaiis.ition, Electrical (a. Electricity, 
u. 899, 429). 

Polnusation, Magnetic (a. Magnotiam, 
ill 767, 708). 

Polarisation of Light fa. Light, iii. 
662). 

Poloy-oil 

Polianite 


Polishing Powder 
Poliahiiig Slate 
Pollux . 

Polyadclphite « 
Polyargite . 
Poljhaaito . 
Polychioat-aalt 
Polyclirollite 
Vox,. ly. 


Ponipholyx . 
Pongnmia . 
I'ounahUte . 


Polrchrolte fa. Safranin). 

Polyclirome (a. Aeseulin, i. 60). 
Polychromie or Polychromatio acid (a, 
Aloetic acid, 1 . 148). 

Polycraae (a, Hiobiura, p 67) 
Polyethylenic Alcohols (a. Ethylene, 
Hydiatea of, 11 . 676) 

Polygalic acid oi Polygalin (e. Sene- 

Polygamarin C 

Polreonum fagopyrnin (a. Buchwheat, 

Poly'gly ceric Alcohols (s. Glyceiyl, 
Hydrates of, 11. 891). 

Polj halite 

Polylacty] -compounds (s. Lnctio Acid 
and Fthors, in. 401—464), 

Polylite 

Polymensm 

Polymignito 

Polymorphism ..... 
Polysilicic acids (s. Silicates), 
Polyephoiite 


Oxygen- 


Poppy . . . . . 

Poppy-oil .... 
Populhi .... 
Porcolam .... 
Poicelain-clay (s Clay, 1. 1024). 
I'oicolain, Eeaumui’s (s. Glas 
844). 

Poicelain-spar (s. Scapolito). 
Poipozite 
Porphyuc acid . 

Oxyporphj'rlo acid 
Porphyiito . 

Poiphyioxin 

Porpoise-ml . 

Porporiiio . 

Porter (a. Beer, 1. 629, 

Portlto . 

Portland Cement 
Poi Band Stone 
I’ortngallo-oil 


68S). 


Potash . 

Potashes 
Potash-lime . 

Potass or Potaasa. 

Potassium 
Potassium, Alloys of . 

Putassiuin, Amides of , 

Potassium, Antimonide of (s. Antimony, 
1 317). 

Potassium, Arsenide of 
PutasHittin, Boride of? . 

Potaasiran, Bioinide of . 
m. Cm bide of? 
in, Carboxide of 
Potaaaium, Chloride of. 

Hoitiiohloiide or Subcliloride of 
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INDEX TO 


Potftssitttn, Detection and Estimation 
of! 

1. Keaotiona in the Dry way 
2 Eeactiona in Solution 
8. Estimation and Separation 
4. Atomic Weight 
Potassium, Fiumide of. 

Potassium, Hydrate of 
Preparation . 

Properties 
Reactions 

Potassium, Hydride of? 

Potassium, Iodide of , 

Potassium, Nitiide of . 

Potassium, Oxide of . 

Potassium, Phospliido of 
Potassium, Selenides of 
Potassium, Silioide of . 

Potassium, Sulphides of 

Liver of Sulphur .... 
Potassium, Sulphooarbonate of (s. Sul- 
phocarbonates). 

Potassium, Sulphocyanateof (a. Snlpho- 
cyanates). 

Poi.. 

Pc' 

l.i"pp”663V604)” 

Potassium, Sulphotungetate and Sul- 
pbovanadnto of fs. Tungsten and 
VaniuUum, Suiphides of). 

Potassium, Sulphydiate of . 

Potassium, Telluride of . , . 
Potiissium-othj 1 andPotassium-methyl 
Potassium-salts, Manufacture of . 

L Manufacture ofPotassiuin-onrbo- 
nate from tho ashes of Timber 
and of Land-plimts in general . 

1. PotUBbfromtheash of Eoieat 
timber .... 

2. Potash as abye-prodiict fr.... 

the manufacture of Reet-root 
and Cane-sugar . . . i 

8. Sulphate and Carbonate of 
Potassium as bye-products m 
the manufacture of Tartano 


u. from the Ashes of Marine 

Plants 

HI FromSea-watoi.Brlne-sprlngs, 
and Saline Deposits : 

1. From Sea-water 

2. From Brine- springs 
8. Preparation of Potai 

chloride from the Salt-beds of 
Stassfurt .... 
IV. From Felspar and other Sih- 


V. Potash from Wool . 

Potato 

Potato-fat 

Potato fusel-oil (e. Fusel-oil, H. 763). 

Potstone 

FottePs Clay (s. Clay, i. 1024). 
Potteiy. ..... 

Powier (a. Gunpowder). 

Powder of Algaroth 
Pozzuolana 

Praseo-oobalt .... 


Praseohte 

Prasoohroine 
Piecipitate . 

Pieoipitatc, White 
Precipitate, Bed . 

Predazzite . 

Pregrattlte . 

Prehnite 
Prohnitoid . 

Primula 

Prince’s Metal 
Printing, Cliemlcal 
Lithography . 
Chroniolithography 
Zincogiaphy . 

Propalanine . 

Piopnrgylic Ether 
Prophotin resin . 

Propionamide 

Dichloi'opropionamido . 
Propione 
Piopionic acid 
Propionates , 

Bromopiopionie acid 
Chloropiopiomo acid 
Indopropionio acid 
Nitropiopionio acid 
Propionic Aldehyde . 

Tiibromopiopionic Aldehyde 
Pentachloiopropionic Aldehyde 
Piopionic Ethois .... 

Propioiiitrllo 

Dictiloropropiomtiilo . 

Piopyl 01 Tntyl .... 
Propylamine ^ Tritylamine), 


Prosopite 

Protagon 

Piotein 1 

Piothoito (s. Vesuvian). 

Piotie acid ...... 

Protobastite 

Piotooatcchuio acid . . . . 1 

Pioto-eompounds ' 

Protoglne 

Pioustito 

Provence Oil 

PiunelloSalt 

Prunneiito 

Prumia 

Prussian Blue ! 

Priismc^acid (s. Cyanide of Hydrogen, 

Pizibramite 


Psatynn (s. Harlin, iii. 14). 
Pseudo-acetic acid (a. Butyraoetic acid, 

Pseudo-alblto (s Andesin, i. 291). 
Psoudo-alkarnln (a. Anchusin, i. 290) 

Paeiido-apatite 

Psendo-hiityllo alcohol (s. Tetiyho al- 
cohols). 

Pseudo-chrysolite. 

Pseudo-cerain ...... 

Pseado-citranne 

Pseudo-diallyl-alcohol (s. Diallyl-com- 
pounds, in Appendix). 
Psendo-erythrm . , . . ' . 
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Paeudo-hexyl-alcohol ) fa. Secondary 
Pseudo-hexyl-glycol' J Alcohols). 
Pseudo-leucine (a. Leucine, in. 682). 
Pseudo-libethonito Ca Phosphates, p. 
661). 

Pseudo-malaohito (p. 661). 

Paeudomorph 7‘ 

Ps6udoraorphine(s. Morphine, iil. 1061). 
Pseudo-oi'oln (s. Erythromannlte ii. 
604). 

Paoudopropyllo Alcohol (a. Trityllo 
Alcohols). 

Paeudoplute 

Pseudo-purpurin (a Purpurin) 

Paoudo-quaitzito 

Pseudo-quinine . 

Pseudo-atearoptonoa .... 

Pseudo-eteatito 

Pseudosulphooyanogon (a. Peisulpho- 
cyanogon, p. 880). 

Pseudotalolto ..... 

Pseudotoxino 

Paeudotriplito , . , . , 

Psoudoveratrino 7 

Pseudo-uiio add 

PeilomolaiiG 

Psoralen 

Pteleio acid ' 

PteleylCs Mesityl, Hi. 929). 

Pteritannic acid 

Ptj'alm 7 

Ptyohotw 

Fuocino 

Puddling (s. Iron, Hi. 817). 

Pumice Ca. Obsidian, p 109). 

Pulaatilla 

Punalilito (a. Poonahlito, p. 088 ). 

Puiiicu ....... 

Puniciii 

Purple, Auiline 

Purple of Cassius 

Purple Copper (a. Copper, Sulphides of, 
li 78). 

Purple Cl uoun 

Purpuraiiudo (a. Purpuroin). 

Purpurates 

Purpuiate of Ammonium, or Mu- 
rexido ..... 7 
Puipurate of Potassium, Sodium, 

&c 7 

Isopurpuratea .... 
Metapurpurates 

Purpuiein ...... 

Purpureocohnlt (s. Cobalt-bases, Am- 
moniaoal, i. 1052). 

Purpurio acid (s Pui-puratos). 

Purpuun 7 

Purpurino (s. Poiporino, p. 691). 

Purree 

Purroio acid (s. Euxanthio acid, iii. 
609). 

Puronnono (s. Euxanthone, ii. 690) 

Puaohltinite 

Putrangira 

Putrefaction (s. Fermentation, ii. 628). 
Pyonite ...... 

Pycnometer ' 

Pycnotrope (a. Serpentine). 

Pym ) 

Pyocyanin V(e. Pue). 

^oxanlJjosoJ 


Pvi'aeonltio acid (a. Itaconlc acid, iii. 
435 ). 

Pyrallolite 

Pyiantiraonite 

Pyrarglllito 

Pyrargyrite ...... 

Pyrolam 

Pyrenai'to ...... 

Pyrene . 

Pyrethrin 


Pyrgom 

Pyridine 
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Ethyl-pyndlne . . 

Pyro-acetic Spint (a. Acetone, i. 26). 
Pyroalizarioaoid (a. Phthaho Anhydride, 

p. 681). 

Pyrobenzoliuo (a Lophine, ill. 733). 
Pyrocamphretic acid ... . — 

Pyrooatechin (a Oxyphonic acid, p 315J. 

Pyrochlore 767 

Pyrooitrlc acids — 

Pyroohrolte — 

Pyioclaaite — 

Pyrocomonio acid (s. Pyromooomc acid, 
p. 760). 

Pyroconino — 

Pyrodoxtun — 

Pyrodmalite (a. Pyroamahte, p, 771). 
Pyrogallein .... 768 

P3'rogallic aoid .... — 

Pyrogen 750 

Pyroglucio aoid ("a. Pyrodextrin). 
Pyrogij'cerm Cs. DIglycorin, 11. 896 ). 
Pyroglyclde (Motaylycorm, li. 896), 
Pyrognoinio Minerals .... 760 
Pyroguniacio acid (Guaiacol, ii. 946). 
Pyroguoiacra (a. Guacaium, li. 948). 

Pyrola .... — 

Pyioloic acid 
Pyroligneous noid . 

Pyrolinc (a. Pyirol). 

Pyrolithotollic acid 
Pyroliviho aoid . 

Pyrolusile ...... 

Pyromalic acid (s. Maleic acid, iu, 781). 

P) romanc acid . 

" — omoconlo acid . . . . 

Bromopyionicconio acid . . 761 

lodopyromocomo add . 

Pyroraolme .... 

Pyiomelhtic acid . . . 

Pyromorldo , . . . 

Pyroraoter ..... 
Pyromormtannic acid (s. Oxyphenlo 
acid, p, 316), 

Pyromorphito .... 
Pj'roniucamido (p. 764), 

Pj'iomuoic acid .... 

Appetuhx to Pyronmcia acid ; 
Mucobromic acid . . 

Mucochlorlc acid . 

Muconio acid 

Pyromucic acid, Amidea of: 

1 Pyromucamide , 

2. Carbopj'rrolic acid . 

8. Dipyromncamide, or Carbopj'rrol- 

Pyromucic Alcohol 
Pyromucic Chloride 
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Vy romudo Ethors : 

Etliylio Pyromuoate 
CWoropyromucie atlier 

Pyi'ojieotio acid . 

Pyi'Qplioraa . 

Pyropliosphamio acids . 

1. Pyropbosphamie aoid 

2. Pyiophosphodmmic acid . 

S. Pyropboapbotriaraic add . 

PjTophosplioiic acid (s. Phospboms, 
Oxygen-acida of, p. 689). 

Pyropbylbtc 

PyropbysaHte (s. Phyaalito, p. G34). 
Pyropin . , 

Pyiopissito . , _ . . 

Pyroquind (s H vdroquiiiono. iii. 213). 
PjToraoemlo acid . 

Pyi oraoemates 
p -pyroracemic acid 
Pyrorotln .... 
VyrortMte (a. OrlbitB, p. 287). 
Pyi'OBclento .... 
Kaimmereilto 
Rhodochroine 

Pyrosmalite ....,_ 
Pyroaorbio acid (s Maldo acid, lii. 
784). 

Pyrosleaiin 

Pyioatibite (s. IConnasite, iii. 446). 
Pyrotai tano acid .... 
Pyi'otai'tratcs 

Dibromopyi'otartnrio acids . 
Pyrotartaiio Anhydride 
Pyrotai’tailo Ethers . 

Pyrotartianii .... 


Pyrotartianilic add 
Pyrotartnmide . 

Pyi otartronitranil 
Pyrotartronitianihc acid 
Pyrotechiiy . 

Pyi otarobio acid .... 
Pyio-uno acid (s. Cyanttrio aoid, £i. 
288 ). 

Pyroxam (s. Xyloldin). 

Pjnoxantbin 
Pyoxantbogen . 

Pyroxene 

Pyroxylin 


Gnn-cc._- 

Preparation .... 

Properties 

Decompositions .... 
Application to Gunnery . 

' Application to other Military 

purposes 

Application to Blasting . 
Pyroxylin for the preparation of 

Collodion 

Pyrrbito ' 

Pyrrhol (s. Pynol). 

Pyrrhopine ...... 

Pyfrhoretin 

Pyrriiosideiite (s. Gdtfaite, ii. 040). 

Pyrrhotin 

Pyrrol . 

Pyrrol-red 

Pyruvic acid (s. Pyroracemic acid, p. 
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'J'HE .SCIENCE AND ART OF SURGERY; 
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Sixth Edition, by T. Holmes, M.A., .Smgeon to St. Geoige’s Plo.spilal , 
with an Intioduction on Gencial Anatomy and Development by tlie 
Editor. Royal 8\o, 28j. 
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OUTLINES OF PHYSIOLOGY, HUMAN AND 
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puce 2 l Grf. 

ELEPHANTIASIS GR^CORUM, or True 

Leprosy; being the Goulstoni.m Lectuics foi 1S73, icvisccl nnd 
enlaiged. By Roiikifr Livkinl, M.A. nnd M D. Cantab., E.H.C. P. 
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.Joi Consumption at Biompton. Second Edition, levised and enlaiged ; 
with Fiontispiece nnd Map, Ciown Svo, puce 6s, 
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QN CHRONIC BRONCHITIS, 

Especially as connected with GOUT, EMPHYSEMA, and 
DISEASES of the HEART. 

ByE. HeadlamGreeniiow, M.D., F R C.P , &c,, Coiisulting-Physicmu 
to the \Yestern Geneial Dispensaiy, Physician to, and Lectuiei on the 
Piinciples and Piactice of Medicine at, the Middlesex Hospital. 8vo, ^s. (id. 


TREATISE ON THE CONTINUED FEVERS 

OF GREAT BRITAIN. By Charles Murchison, M.D., 
I.L.D., F.R.S., 6-c., Fellow of die Royal College of Pliysici.inb ; Pliy- 
bician and Lectuiei on the Piinciples and Practice of Medicine, St. 
Thomas’!, Hospital. Second Edition, thoioughly revised and enlaiged , 
with 5 Chiomohthogiaphs. 19 Diagiams in Lilhogiaphy, and 22 Illustia- 
tions engraved on Wood 8vo, piice 241. 


“ The irapiession which this seiics of 
lectiucs has made upon us is so favoiii- 
able that if we weie to expiess .dl the 
piaise we feel it meiils, we fe.ii oui 
language might he thought hype1bol1c.1l 
It IS ceitanily the most instiiictivo and 
the most teaching woiK on its subject 
m the English language. 'J’hc plan of 
the nolle is thoioiighlji clinical, it 
aims piincip.illy at the inculcation of 
lilies and means for the lecognilion of 
the uOTections of which it tic.ats; and 


^pYPHOID FEVER; 

Its Naluie, Mode of Spicading, 
M.D., P.R.B. With Foul Plate: 


a caiefiil study of it must conduce to 
eiigcndci in the student the habit of 
accuiacy in diagnosis . . . We 

assuic the student that Di. Muicliison’s 
book is not only the best guide to the 
lecogmtioii and lational tioatment of 
hepatic diseases, but that to the chli- 
geiit leadei it will piove an excellent 
iiistiuctoi 111 diagnostic means and 
method lu geneial.” — it, J.oms Meduat 
Join uaK 


and Pievention. By Wii.iUM Budd, 
I (one colouied). Royal Svo, puce iCr. 


LECTURES ON FEVER 

Delivered in the Theatie of the Meath Ilospiul and County ol Dublin 
Infiimaiy. By WiLilAM Stokls, M D , D C.I.. O\on., F R.S., Regius 
Biofessoi of Physic in the Umveisity of Dulilm and Physieian-ni-Ordinaiy 
to the Queen in Ireland. Edited by J. W. M ooRh, M. D. , Dubl. Ex, -Scliol. , 
Tim Coll. Dubl, Assistant-Physician to the Coik-SUeet Fevei Ilo.spital, 
Dublin. Svo. [Neat ly n’udy. 

^ TREATISE ON GOUT AND RHEUMATIC 

GOUT. By Alfred B Garrod, M.D , F.R.S., 6hc,, Physiciun 
to King’s College I-IospUal. A New Edition, thoioughly levised, with 
much .additional piactical nrnltei. Crown Svo. [Akat ty leady. 

QOUT, RHEUMATISM, AND RHEUMATIC 

GOUT. ByAu&'iiN Meldon, L R.C.S.I., L.K., and Q.C.P.I., 
L.M , Suigeoii to Jervis-slieet Hospital, Dublin ; Dublin Gold Medallist, 
bust Piizeinan and late Demonstialoi of Anatomy in the Catholic Um- 
veisity of Iieland, Gold Medallist of the Pathological .Society of ^leland, 
&c. Clown Svo, lor. (>d. 
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(CLINICAL RESEARCHES ON DISEASE IN 

INDIA. 

By Charles Morehead, M.D., Suigeon to the Jainsetjce Jeejeebhoy 
Hospital. Second Edition, thoioughly leviacd. 8vo, 21s. 


QN CANCER: ITS ALLIES AND COUNTER- 

FEITS. 

By Weeden Cooke, Siugcon to the Cancer Hospital aiid to the Royal 
Fiee Hospital. With 12 Colouied Phites. 8vo, I2f. 6 L 

SKIM-MILK TREATMENT OF DIA- 

BETES AND BRIGHT’S DISEASE ; 

With Cluneal Ohseivatioiis on the .Syinptoins and I’atliology of these 
Affections. By Arthur .Scon Donkin, M D Edni., M. D. Durham, 1S.0, 
Lectiiiei on Methc.al Jiiiispiudence and Toxicology iii the Umvei-.lty of 
Durham. Cioivn Svo, puce lor 6(4 

QN the surgical DISEASES OF THE 

TEETH AND CONTIGUOUS STRUCTURE.S. With then 
'I’lealmenl. By S. James A. .Sai ier, M.B., F R S., Dental Suigcuii to 
Guy’s Hospital. Svo, with luimeious Ilhisti aliens. [Nai//j' lenil}'. 

JNJURIES of the eye, orbit, and eye- 

lids ; 

Theii Immedwte and Remote Effects. By Geo roe Luvson, F R.C S., 
Suigeoii to the Royal London Ophthalinic Hospital, Mooilields. Svo, 
with 92 Woodcuts, puce 12s. 6r4 

gT. BARTHOLOMEW’S HOSPITAL REPORTS, 

With Illustrations in Lithogiaphy and Woodcuts. Flics f Series, com- 
plete III Nine Volumes, Svo, puce yr. 6i4 eath-volunie. 


gliscuscs xif ©tomciv anii €:§i(&rciT, luilr |:|a{jul:u- 
llWmxl eoi-lis. 

^HE DIAGNOSIS AND TREATMENT OF 

DISEASES OF WOMEN, INCLUDING THE DIAGNOSIS 
OF PREGNANCY. 

By GrailV Hewitt, M.D., I’lofcasor of Midwifeiy and Diseases of 
Women, University College, and Obstetiic Physician to the Hospital 1 
Kxaminei in Obstetiic Medicine to the Univeisity of London. Tliiid 
'iLdition, levised, and foi the most pait ic-wiitten , with seveial additional 
Illustiatioiis. Svo, with 132 lingiavmgs on Wood, puce 24^. 
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DUBLIN PRACTICE OF MIDWIFERY. 

By Henry Maunsell, M,D., formeily Piofessoi of Midwifeiy in the 
Royal College of Suigeoiis in Ireland. New Edition, enlaiged and revised. 
Edited by T. M. Madden, M.R I A., &c., Seinoi Assistant-Physician to 
the Dublin Lyiiig-in-Hospital. Fcap. 8vo, 51-. 


JOINTS TO MOTHERS FOR THE MANAGE- 
MENT OF THEIR HEALTH DURING PREGNANCY 
AND IN THE LYING-IN ROOM; 

With Hints on Nuisiiig, &c. By Thomas Bull, M.D. New Edition, 
levised and enlaiged, Fcap. 5J, 

THE MATERNAL MANAGEMENT OF CHILDREN 

IN HEALTH AND DISEASE. 

By the same Autlioi. New Edition, levised and enlaiged. Fcap. Ss, 


QN THE SURGICAL TREATMENT OF 

CHILDREN’S DISEASES. 

By T. Holmes, Suigcon to St. Geoigc’s Hospital, and Suigeon-in-Chief 
to the MetiopoliLan Police. Second Edition, tlioiouglily lovKed ; witli 
Additional Cliaptcis on Oitliopocdic Siiigeiy and Paiacentesis Tlioiaeis. 
Witli 9 Chiomolithogiaphic Plates and 112 Woodcut Illiistiatioiis fioin 
Oiigiiial Diawings. 8vo, 21s. 


LECTURES ON THE DISEASES OF INFANCY 

AND CHILDHOOD. 

By Charles West, M.D., &c., Pliysiuan to the Hospital foi Sick 
ChilcUen ; Fellow of the Royal College of riiysicians. A New Edition, 
being the Sixth, caicfiilly levised thioughout, and enlaiged. 8vo. 

[Myn/f n-aly. 


^HE HANDBOOK FOR MIDWIVES. 

By Henry Fly Smith, M.B. Oxon., M.RC.S., late Assistant- Smgeon 
at the Hospital foi Sick Women, .Soho Srjuaie. With 41 Woodcuts. 
Clown 8vo, piicc 5a 


Ultbtta; nntr 

T;"H0MS0N’S CONSPECTUS OF THE BRITISH 

PHARMACOPCEIA. 

Twenty-sixth Edition, corrected. By Edmund Lloyd Birkett, M D , 
&c. , Physician to the City of London Hospital for Diseases of the'Chest. 
l8mo, 6s. 
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XHE ESSENTIALS OF MATERIA MEDICA 

AND THERAPEUTICS. 

By Alfred Baring Garrod, M.D., F,R S., Fellow of Uie Roy.-!! College 
of Physicians, Piofessoi of Mateiia Meclica and Theiapeiitics al King’s 
College, London; Physician to King’s College Hospital; and Examinei in 
Mateiia Medica in the Uiiiveisuy of London. Thud Edition, Fifth Iiii- 
piession, bioiight up to 1870. Ciowii 8vo, puce 12s. 6A, 


T^R. PEREIRA’S ELEMENTS OF MATERIA 

MEDICA AND THERAPEUTICS, 

Abridged, and adapted for the use of Medical and Pliaiiiiaceulical Piac- 
titioneis and Students, and conipiising all the Medicines of the Biilisli 
Phaimacopceia, with such otheis as aie fieciuently oidcied 111 Piesciiptioiis 
lequiied by the Physician. Edited by Piofessoi Roiiert Bentley, 
M R C.S., F.LS., and by Piofessoi Tiieopiiilus Rldwood, Ph.D , 
F.C.S. With 126 Woodcuts. 8vo, piice 25^. 


(Itljeimstrjr. 

DICTIONARY OF CHEMISTRY AND THE 

^ ALLIED BRANCHES OF OTHER SCIENCES. 

By Henry Wai rs, F R. S., Editoi of the Journal of the Clioniical .Society, 
assisted by eminent Scientific .and Piacticnl Chennsts. 5 vols. 8vo, 31-, 

pTIRST SUPPLEMENT, biinging the Record of Chemical 

Discoveiy down to the end of the year 1869, piice 31J Gi/, 

CECOND SUPPLEMENT, bringing the Record down to 

the end of 1872, lu the presi. 


£LEMENTS OF CHEMISTRY, 

Theoietical and Piactical. By William Ai.LivN MlLLUt, M.D., LL.H., 
F. R. S., late Piofessoi of Cheniistiy, King’s College, London. New Edi- 
tion, thoiouglily levisecl. 3 vols. Svo, piice 3/. May be had sepaiately i — 
Part I,— CIIF.MICAL PIIV.SIC.S, Fifth Edition, levised, with Addi- 
tions, by HhUliERi- MacltiOD, F C..S., Piofessoi of Espeii- 
inental Science, Indian Civil Engmecnng College, Coopei’s 
Hill. Svo, puce I Sr. 

Part- II.— INORGANIC CHEMISTRY, Fifth Edition, piiec 21 1. 

Part III.— ORGANIC CHEMISTRY, Foiiitli Edition, piicca.]!-, 

JNTRODUCTION TO THE STUDY OF INORGANIC 

CHEMISTRY. 

By the same Authoi. (Foiiiiing one of the Seiies of 'I'ext-Books of 
Science, Physical and Mechanical, 111 couise of publication, edited by 
M. Ooodeve, M.A., and C. W. MI'Rriheld, F.R..S.) With 71 
Tiguics on Wood, Small Svo, puce 3?. Gif. 
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Quantitative chemical analysis. 

By T E, TlIOEi'E, Pli.D., F.R.S.E., Piofessoi of Clierniitiy m the 
Andeisoniaii UniveiMly, Glasgow (Foimiiig one of the Senes of Text- 
Books of Science, I*hysical and Mechanical, in coiiise of publication, 
edited by T. M. Goodeve, M.A., and C. W. Merrihelu, F'.R.S.) 
With 88 Woodcuts. Small 8vo, puce 41-. M. 


MANUAL OF QUALITATIVE ANALYSIS 

AND LABORATORY PRACTICE. By T. E. Thorpe, Ph.D., 
E.R.S.E., Piofessoi of Cliemistiy in the Andei soman Univeisity, Glasgow ; 
and M. M. Pattison Muir. (Forming one of the Seiies of Text-Books 
of Science, PhyMcal and Mechanical, in coiiise of publication, edited by 
T. M Goodeve, M.A., and C. W. MI'Rrii illd, F R.S.) Small 8vo. 
W'lth Woodcuts. - \_Jiist ictuiy. 


manual of ORGANIC CHEMISTRY. 

By H E Arms'iroko, Ph.D., Piofessoi of Cheniistiy m the I.ondon 
Institution, (Foimiiig one of the .Senes of Text-Books of Science, Phy- 
.sical and klcchanical, 111 conise of publication, edited by T. M. GodiiRVE, 
kl. A , andC. W. Mehkiheu), F.R..S.) .Sm.ill Svo. With Woodcuts. 

iJm! u-iuly. 

MANUAL OF CHEMICAL PHYSIOLOGY, 

Including its Points of Contact xvilh P.ithology. By J. J.OUIS W. 
TllUDictiUM, M.D. With 10 Woodcuts. Svo, puce 70 (id. 


A COURSE OF PRACTICAL CHEMISTRY, 

Auanged foi the use of Medical Students. By Wlu.i.xM Oui INO, M B , 
F R.S., Fellow of the Royal College of Phjsiciaiis, Secielaiy to the 
Clieniical Society, and Lectuiei on Cheinistiy at St. Baitholmnew’s 
llospit.d. Fouitli Edition. Ciown Svo, with 71 Woodcuts, piiee 71'. (ni. 


PHEMICAL NOTES FOR THE LECTURE 

ROOM — ON HEAT, LAWS OF CHEMICAL COMBINATION, 
AND CHEMISTRY OF THE NON-MI'.TALT.IC EI.EMF.NT.S. 
By Thomas Wood, Ph.D., F.C.S. Thiul Edition. Ciown Svo, 51. 
NOTES ON THE METALS, by the same Authoi, Second Edition, piicc 5^. 


gELECT METHODS IN CHEMICAL ANA- 

LYSIS, CHIEFLY INORGANIC. 

By William Crookes, F.R.S. Editoi of “The Chemical News” and 
of “ The Quaiteily Journal of Science.” With 22 Woodcuts. Ciojt 11 Svo, 
puce I2J. 6(/ , cloth. 
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QN THE MANUFACTURE OF BEET-ROOT 

SUGAR IN ENGLAND AND IRELAND. By William Crookes, 
F.R.S, With Eleven Illnstiations engiaved on Wood. Ciown Svo, piice 


Sibnce anb- D'afural ^istoru. 


gRANDE’S DICTIONARY OF SCIENCE, LITE- 

RATURE, AND ART, 

Conipiising the Delimtions and Deiivations of the .Scientific Teims in 
geneial use, tngethoi with the Ilistoiy and Deaciiiitions of the Scientific 
Piinciples of neaily eveiy branch of Ilinnan Knowledge. Fourth Edition, 
leconstnicted and e\tendcd undei the Joiiit-Editoidiip ot the lito Authoi 
and the Rev. George W Co.'c, M.A. j assisted by Contiihiitois ol eminent 
Scientific and Liteiaiy Acqmieinents. 3 vols. incduun Svo, 63r. 


IJRE’S DICTIONARY OF ARTS, MANUFAC- 

TURE.S, AND MINES; 

Containing a cleai Exposition of tbcii Piinciples and Piacticc. Sixth 
Edition, le-wiitten and enlaigcd by RoiiEiir IIUNf, F.R.S., Keepei of 
Mining Recoids, assisted by mnneious Contiibutoia. With above 2000 
\A'oudcuts. 3 vols, medium Svo, 4/. 14? 61 . 


LIFE OF ALEXANDER VON HUMBOLDT. 

Compiled in commemoi.ation of the Centcn.xiy of Ids, Biith, by Heir Julius 
L liWKNiiERG, 1)1. Robert Avfi L till' MAN r, and Di. Al.ntrD Dcivi 
Edited by Piofessoi Kari BruhNs, Dnectoi of the Oliseivatoiy at Leipzig. 
'J’l.inslated fioin the Gciman liyJvNE .and CaholinI'' Jassii i 2 vola, 
Svo, with Thicc Poitiaits, piice iCs. 


INTRODUCTION TO EXPERIMENTAL 

^ PHYSICS, THEORETICAL AND PRACTICAL, including 
Diiections foi Constiueting Physical Appaiatiw and foi M.aking I'Xpeii- 
raents. By A. F. WuNiiuiii, Piofcssoi m the Roy.al Technical School 
at Chemnitz.. Tianslated and edited (with the Authoi’s sanction) by 1! 
LiU' wv, F.R.A .S With a Piefacc by G. C. FoSTtii, F R.S., Piofessoi 
*of riiysics in Univeisity Coliege, I-ondon. With numeioub Wood En- 
giavings. Svo, piice iSs. 
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£LEMENTARY TREATISE ON PHYSICS, 

Expeuraental and Apjjlied, foi the ubc of Colletjeb and Schools. Trans- 
lated and edited fiom Ganot’s Ellmeuts cle Physique (with the Author’s 
sanction) by E ATKINSON, Ph D., F.C S., Piofessor of Expenment.-il 
Science, Staff College, Sandhiust. Sixth Edition, revised and enlaiged, 
with 4 Coloiued Plates and 746 Woodcuts. Post Svo, iriice 15J. 

]^ATURAL PHILOSOPHY FOR GENERAL 

READERS AND' YOUNG PERSONS ; 

Being a Course of Physics divested of Mathematical Eoimuiic, and cx- 
jiiessed ill the language of daily life. Tianslated fiom Ganoi’s Coins de 
Physique, with the Authoi’s sanction, by E. AtIxINSON, Pli. f)., F.C.S. 
^Yith 404 Woodcuts. Ciown Svo, pvice 7f. 6(1'. 


'THE CORRELATION OF PHYSICAL FORCES. 

By Sii W. R. Grovi, Q.C., M.A., A^P K.S. The Fifth Edition, foi- 
lowed by a Discourse on Continuity. Svo, lor (ut, 

^IR AND RAIN; 

The Begimiiiigs of a Chemical Climatology. By Roiieut Anous Smiih, 
Ph D., F.K.S , F.C.S. (Gcneial) Iiispcctoi of Alkali WoiUs foi the Goveiii- 
ment, With S Ilhistiations. Svo, pi ice 24^. 


f^EAT A MODE OF MOTION. 

ByJoiiN Tvndaix, LL.D., D C.L, F.R..S., Piofcssoi ofNatuial Philosophy 
in tlie Royal Institution of Gient Biitain. Fouith Edition, with Additions 
and Ilhistiations. Ciown Svo, with I'late and 108 Woodcuts, loj. Oi/. 

COUND ; A COURSE OF EIGHT LECTURES 

Deliveied at the Royal Institution. By the same Autlioi. Second Edition. 
With a Poitiait of M. CiiL\DNi, and 169 Woodcuts. Crown Svo, gr. 

j^ECTURES ON LIGHT delivered in the United States 

of Aineiica in the yeais 1872 and 1S73 , with an Appendix. By the same 
Autlioi With Fiontispiece and 59 Di.igiams. Clown Svo. Piice yr. Af. 

(CONTRIBUTIONS TO MOLECULAR PHYSICS 

IN THE DOMAIN OF RADIAN 1 ’ HEAT. 

By the same Autlioi. With 2 Plates and 31 Woodcuts. Sio, piice i6r, 

RESEARCHES ON DIAMAGNETISM AND MAGNE- 

CRY ST ALLIC ACTION ; including the Question of Diamagnetic Pol.inty. 
By the same Autlioi. With 6 Plates and many Woodcuts. Svo, puce 141- 

MOTES OF A COURSE OF SEVEN LECTURES 

ON ELECTRICAL PHENOMENA AND THEORIES. By the 
same Autlioi. Ciown Svo, puce is. sewed, 01 u. GJ. clotli. 

motes OF A COURSE OF NINE LECTURES ON 
LIGHT. By the same Author. Ciown Svo, u. seued, 01 ij, 61/. cloth. 
FRAGMENTS OF SCIENCE. 

By the same Author. Fouith Edition, Svo, puce 14^, t 
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^HEORY OF HEAT. 

By J. Clerk Maxwell, M.A., LL D. Edm , F R.SS. L. & E., Piofessoi 
of Experimental Physics in the Umveisity of Camhildgc (Foiming one of 
‘ tlie Series of Text-Books of Science, Mechanical and Physical, in comse of 
publication, edited by T. M Good eve, M A., and C W Meriufiei.d, 
F.R.S.) With 41 Woodcuts and' Diagiams. Small 8vo, price 3^. 6 L. cloth, 


QUTLINES OF ASTRONOMY. 

By Sir John F. W. Herschel, Bart, K.II , &c., Membot of the Insti- 
tute of France. Eleventh Edition, with 9 Plates, and iiiimeious Diagrams. 
Square ciown 8vo, pnee 12s. 

CELESTIAL OBJECTS FOR COMMON TE- 

LESCOPES. 

Bv the Rev. T. W. Weiid, M.A., F.R.A S., Incumbent of Haidwick, 
Ileiefoidshiie New Edition, thoroughly revised ; with Map of the Moon 
and numcious Woodcuts Ciown 8vo, puce yt. (xi. 


^ NEW STAR ATLAS, 

Foi the Library, the School, and the Obseivatoiy, in Twelve Ciiculai Maps 
(witli Two Index Platesh Intended as a Companion to ‘ Webb’s Celestial 
Objects foi Common Telescopes.’ With a Letlcipiess Intioductiou on the 
Study of the Stars, illustrated by 9 Diagrams By RiciiARD A. Procior, 
B A,, Hon. Sec. R.A.S. C.iown 8vo, puce Sr 

SPECTRUM ANALYSIS 

In its Application to Tcirestiial SubsUinces and tlic Physical Constitution of 
the I-Ieavenly Bodies. Familiarly explained by Iji, PI. ScilEI.Ll.N, 
Directoi dei Realschule, Cologne 'Iranslatcd fiom the Second cnlaiged 
and levised Geiinnn Edition by Jane and Caroi.ine LassELI.; edited, 
with Notes, by William Hulgins, LI. D , D C.L., F R..S. 'With 1,3 
Plates (6 Colouied), including Aiigstiom’s and K.11 clihoffs Mips, and 
223 Woodcuts. 8vo, price rS-c. 


'y^HE MOON; her Motions, Aspect, Sceneiy, and 

Physical Condition. By Richard A. Proci'or, B.A Cantab., Him. 
Sec R A.S With 22 Lithographic Plates, Ch.aits, and Diagrams, i 
Wood Engraving, and 3 I.unai Photogiaplis by Ruthcifnid, of New Yoik, 
Clown 8vo. Pnee 151. 

THE SUN; RULER, LIGHT, FIRE, AND FIFE OF ' 

^ THE PLANETARY SYSTEM. 

s.By the same Authoi. Second Edition, levised , with 10 Plates (7 colouicdl 
and 106 Figures engraved on Wood. Ciown 8vo, price l.|j-. 
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QTHER WORLDS TFIAN OURS; 

The Pliuality of WoiWs Studied undei the Light of Recent Scientific 
Reseaiches. By the same Autlioi. Third Edition, revised and enlarged ; 
with 14 Illustiations (6 colouied). Clown 8vo, puce lor. bd. 

'J’HE ORBS AROUND US; 

ASeues of Familial F.ssayson the Moon and Flanets, Meteois and Comets , 
the vSiin and Colouied Pairs of Suns. By RlcilAltu A. PnocTOK, B.A. , 
F.R A.S. Clown 8vo, price 7r. (>d. 

]£SSAYS ON ASTRONOMY; 

A Series of Papeis on Planets and Mctcois, tlie Sun and sun-surroundmg 
Space, Staib, and Stai Cloudlets; and- a LlissKitation on the appioachmg 
Tiansit of Venus : preceded by a Sketch of the Life and Woik of Sii John 
Herschcl. By the same Autlioi. With 10 Plates and 24 Woodcuts. 8vo, 
puce I2r. 

T IGHT SCIENCE FOR LEISURE HOURS; 

A Seiies ofFuraihai Essays on Scientific Subjects, Natuial Plienomena, &c. 
By the same Author, Second Edition, Revised. Cioivn 8vo, pi ice 7r. 61/. 

CECOND SERIES OF LIGHT SCIENCE FOR 

^ LEISURE IIOUR.S, including a Sketch of the Life of Maiy Somerville. 
By tile same Autlioi, puce yr. bd. 


A HANDBOOK OF PRACTICAL TELE- 

^ GRAPHY. 

By R. S. CuLLEV, Mcmhci Inst. C.E., Engiiicci-in-chicf ofTelcgiaplis to 
the Post Office. The Si\th Edition, revised and eiilaigcd ; ivitli liS Wood- 
cuts and 9 Lithogiaphic Plates of Appaiatus. 8vo. \_Neai Ij' i ctu/y. 


lOfETALS, THEIR PROPERTIES and TREAT- 

^ ME NT. 

By Charles Loudon BI.0XA^f, Piofessor of Chemistiy in King’s College, 
London ; Piofessoi of Chemistiy in the Royal Military Academy and in 
the Depaitment of Artillery Studies, Woolwich. (Foimmg one of the 
Seiies of Text-Books of Seience, Physical and Rfechanical, edited Iiy 
T. M. Goodeve, M.A.; and C. W. Mekrium.d, 1''.U..S.) With 105 
Figures on Wood. Small 8vo, puce 31. 6,/. 


]\4ANUAL OF PRACTICAL ASSAYING. 

By John Mitchell, F.C.S. Fouith Edition, m which aie incorporated 
all tile lecent valuable improvements 111 Assaying ; including Voliimetiic 
and Coloiiraetnc Assays, and the Blowpnie Assays. Edited and re-written 
by W. Crookes, F.^R.S., with igg Figures and Diagiains enguwed on 
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^ PRACTICAL TREATISE ON METALLURGY, 

Adapted fioin the last German Edition of Piofessor ICerl’s Metallm^y, 
by William Crookes, F.R.S., and Ernst Rohrig, Ph.D. 3 vols, 
8vo, puce 4/. igj. 

VoL. I. I-iiAD, Silver, Zinc, Cadmium, Tin, Mercury, Bismuth, 
Antimony, Nickel, Arsenic, Gold, Platinum, and Sulphur, 
with 207 Woodcuts. 8vo, puce 3IJ. (ul. 

VoL. 11 . Copper and Iron, ivith 273 Woodcuts, price 36L 

VoL. III. Steel, Fuel, and Supplement, with 145 Woodcuts, 31J. Gi, 


'J^HE TREASURY OF BOTANY, OR POPULAR 

DICTIONARY OF THE VEGETABLE KINGDOM; 

With which IS incorpoiated a Glossaiy of Botanical Tcims. Edited by 
J. Bindley, M.D., F R.S., and T. MooRE, F.L.S., assisted by miiueious 
Conti ibiitois. With 20 Steel Plates, and niiineious Woodcuts fioin Oiiyiiud 
Designs by W. H. Frrcii. 2 Paits, fcap. 8vo, lar. 

LOUDON’S ENCYCLOPAEDIA OF PLANTS; 

Comprising the Specific Chaiactei, Desciiption, Culture, Ilistoiy, Apiillca.- 
tion in the Aits, and evoiy othei desiiable paiticiilai respotting all the 
plants indigenous to, cultivated in, 01 mtioduced into, Biitain. Con cited 
by Mis. Loudon. Svo, with above 12,000 Woodcuts, puce 421. 


handbook of hardy TREES, SHRUBS, 

AND HERBACEOUS PLANTS. 

Containing Desciiptions, Native Countiies, &c., of a Selection of the Best 
Species in Cultivation , togethei with Cultuial Details, Conipaiative 1 fauli- 
ness, suitability foi particulai Positions, &c. Based on the Fiench Woik 
of Messrs. Decaisne and Naudin, intitled “Manuel de I’Amaleiu des 
Jaidins,” and including the 264 oiigmal Woodcut Illustration. By W. B. 
Hemsley, foimerly Assistant at the Ileibaiium of the Royal Gauleiis, 
Ken'. Medium Svo, puce zis. 

decaisne & LE MAOUT’S GENERAL SYS- 
TEM OF DESCRIPTIVE AND ANALYTICAL BOTANY . 
Compiising: I. Outlines of Otganogiapliy, Anatomy, and Physiology; 
^ II. Desciiptions and Illustiations of the Oideis. Tianslated fiom the 
Fiench by Mrs. IIooker. The oidcrs airanged aftei the method followed 
111 the Univeisities and Schools of Great Biitam, its Colonies, Ameiica, 
and India, with Additions, an Appendix on the Natural Method, and a 
Synapsis of the Oidere, hyj. D. Hooker, C.B., F.R.S., &c., Directoi 
of the Royal Botanic Gaulens, Kew. With 5,3150 Woodcuts fiom Designs 
^by L. Stenheil and A. Riocieux. Iiiipeiial Svo, puce 52J. 61 , 




